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Sodium azide-induced degenerative
changes in the dorsolateral prefrontal
cortex of rats: attenuating
mechanisms of kolaviron

Olayemi J. Olajide, Busayo O. Akinola, Saliu M. Ajao, Bernard U. Enaibe

Department of Anatomy, College of Health Sciences, University of llorin, llorin, Nigeria

SUMMARY

Identification of therapeutic targets following neu-
rodegeneration is of major biomedical importance.
Kolaviron (Kv) is a biflavonoid complex isolated
from seeds of Garcina kola — a common oral mas-
ticatory agent in Nigeria known to hold medicinal
value. Therefore this study evaluated the thera-
peutic potential of Kv on cells of the dorsolateral
prefrontal cortex (DLPFC), before or after sodium
azide (NaNj)-induced neurodegeneration. Rats
were randomly assigned into 5 groups (6 each)
and treated daily (orally) as follows: 1 ml of corn-oil
(vehicle of Kv, 21 days); Kv only (200 mg/kg) for
21 days; NaNsonly (20 mg/kg for 5 days); NaNs
(20 mg/kg for 5 days) followed by Kv (200 mg/kg
for 21 days); Kv (200 mg/kg for 21 days) followed
by NaN; (20 mg/kg for 5 days). After treatments,
rats were sacrificed and perfused transcardially
(with 4% PFA) with brains fixed in accordance with
the technique to be used. The DLPFC was exam-
ined using histology (H&E), immunoperoxidase
(GFAP), immunofluorescence (iNOS & nNOS) and
Western blotting (MAPT, MAP2, Bax, BCL-2 and
CAD). Quantitative analysis was done using Im-
ageJ software and statistical analysis with
Graphpad prism (ANOVA) at p<0.05. NaNj; treat-
ment induced neuronal damage, characterized by
reduced relative brain weight, pyknosis, karyorrhe-
sis, astrogliosis, axonal/dendritic damage and cy-
toskeletal dysregualtion that subsequently resulted
in increased expressions of apoptotic regulatory
proteins. These degenerative changes were relata-
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ble to the observed INOS and nNOS upregula-
tions. However, Kv administration attenuated the
NaNs- initiated destructive molecular cascades in
the DLPFC of rats through mechanisms that in-
volved inhibition of stressor molecules and toxic
proteins, prevention of stress related biochemical
redox, preservation of neuronal integrity, cytoskel-
etal framework and subsequently, reduced the lev-
el of apoptotic regulatory proteins. We conclude
that Kv conferred therapeutic benefits on NaNs-
induced neurodegeneration, particularly when ad-
ministered before more than after the insult.
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INTRODUCTION

Neurodegenerative disorders (NDDs) affect mil-
lions of people every year and is a major cause of
long lasting disability that impedes affected individ-
uals from leading a normal life (Enciu et al., 2011).
Despite the enormity of the problem, the few thera-
pies available for the management or treatment of
NDDs are mostly ineffective (Su et al., 2013). Fac-
tors responsible for such failures are multiple. The
main challenge is the complexity of these diseas-
es, which has hindered efforts to obtain a compre-
hensive view of common molecular mechanisms
underlying their initiation or propagation (Ebrahimi-
Fakhari et al., 2012). However, as research pro-
gresses in understanding the molecular mecha-
nisms involved in NDDs, many similarities appear
to relate these diseases to one another at sub-
cellular levels (Rubinsztein, 2006). These many
parallels between different neurodegenerative dis-
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orders include atypical protein assemblies, oxida-
tive stress, activation of endogenous glia, mito-
chondrial dysfunction, inflammatory processes and
apoptosis (Culmsee and Mattson, 2005; Rubinz-
stein, 2006; Trushina and McMurray, 2007). Ex-
ploring the potentials of a therapeutic target like
kolaviron (Kv) with probable inhibitory windows on
those similarities offers hope for therapeutic ad-
vances that could ameliorate many NDDs simulta-
neously.

NaN; is a substance that is acutely neurotoxic
(Smith et al., 1991; Su et al., 2010). Studies car-
ried out to elucidate the compound’s mechanism of
cellular toxicity implicated it as neuronal mitochon-
drial toxin (Chang et al., 2011). Selectively re-
duced complex IV activity is a main pathogenic
characteristic of many NDDs, especially in post-
mortem Alzheimer's disease (AD) brains, and the
inhibition of this complex could be evoked by
chronic NaNz administration in animals (Szabados
et al., 2004). Partial inhibition of the mitochondrial
respiratory chain produces free radicals, diminish-
es aerobic energy metabolism and causes exci-
totoxic damage, creating a deleterious spiral caus-
ing neurodegeneration (Liu et al., 2013). Local or
systemic administration of NaN; induces the re-
lease of excitotoxins via mitochondria energy ma-
chinery impairment, and this in turn result in neu-
ronal cell loss (Luques et al., 2013). The metabolic
and cellular disruptions which can be induced by
NaN; are also linked with synaptic denervation,
cell loss and behavioural deficits in several dis-
ease conditions involving NDDs (Marino et al.,
2007; Ahmed Mae and Farouk Fahmy, 2013).

On the other hand, Kv is a natural antioxidant
and anti-inflammatory bioflavonoid complex, that
consists of garcinia biflavonoid (GB1), garcinia
biflavonoid (GB2) and kola flavanone in ratio 2:2:1,
and is isolated from the seeds of garcina kola
(bitter kola) (Olaleye and Farombi, 2006; Farombi
et al., 2013). It is used as a treatment regimen for
several infections and disease conditions owing to
its ability as an antiviral, antibacterial and antifun-
gal agent (Farombi et al., 2004). Although a num-
ber of useful phytochemicals have been isolated
from the seed of garcinia kola, the most prominent
of them is Kv with a well-defined structure and an
array of biological activities including antioxidant,
antidiabetic, antigenotoxic and hepatoprotective
properties (Farombi and Owoeye, 2011). Previous
studies showed that kolaviron is capable of reduc-
ing oxidative stress and tissue damage by slowing
down the rate of oxygen radical production and
stress-related glucose metabolism in vivo and in
vitro (Farombi et al., 2013; Olajide et al., 2015).
Despite the available evidence on the antioxidant
and anti-inflammatory activities of kolaviron, its
therapeutic potentials on brain weight loss, nitric
oxide (NO)-mediated neuronal stress, glia activa-
tion, interfilament dysfunction (cytoskeleton) and
apoptosis in neurodegenerative processes are yet

to be elucidated.

The principal aim of the present study was to
evaluate and analyze the subcellular neuropatho-
genic events in the prefrontal cortices of rats fol-
lowing NaNs-induced neurodegeneration, and to
elucidate the therapeutic potentials of kolaviron on
such degenerative cascades. Specifically, the ob-
jectives of the research were to study changes in:
general cytoarchitecture, astrocyte morphology
and synapticity, microtubule associated proteins
interaction and oxidative redox (considering nitric
oxide synthases) in the dorsolateral prefrontal cor-
tex of rats, following NaNs-induced injury with or
without kolaviron therapy. The main significance of
the outcomes from this study is that it may provide
possibilities of developing potent therapeutic tar-
gets, which would be useful in the treatment and
management of neurodegenerative disorders. Giv-
en that Kv is isolated from a plant that is commonly
cultivated, its development into therapeutic targets
may present a cheap source of drugs useful espe-
cially in third world countries, where many suffer-
ers of NDDs cannot afford the few available, rela-
tively costly, pharmaceutically synthesized drugs.
Additionally, despite reports of suicidal and acci-
dental ingestion of the compound, there has been
no documented antidote for NaNj ingestion. Kv
may be useful in such regard also.

MATERIALS AND METHODS

Garcina (bitter) kola was procured from a local
market in llorin, Nigeria. NaN; was procured from
Sigma-Aldrich (Germany). Phosphate buffered
saline (PBS; pH 8.0) was freshly prepared. Anti-
bodies (Rat anti-iINOS, anti-nNOS, anti-GFAP, anti
-MAPT, anti-MAP2, anti- Bax, anti-BCL-2 and anti-
CAD) were procured from Cell Signalling Technol-
ogies, Massachusetts, USA. 3'3"-Diaminobenzidine
tetrachloride (polymer) and methenamine silver
intensification kits were procured from Sigma-
Aldrich (Germany). All other reagents were
sourced locally and verified before use as appro-
priate.

Kolaviron extraction

Seeds of G. kola (GK) were procured from a lo-
cal vendor in llorin, Nigeria and authenticated at
the Department of Botany, Faculty of Sciences,
University of llorin. Kv was extracted from the fresh
seeds of GK (4.5 kg) and characterized according
to the method of Iwu (1985), as modified by
Farombi et al. (2013). To describe the procedure
briefly: seeds were pulverized with an electric
blender into fine powder. Seed powder was ex-
tracted with light petroleum ether (b.p. 40-60°C) in
a Soxhlet extractor for 24 h. The defatted, dried
marc was repacked and then extracted with ace-
tone and the resultant extract was concentrated
and diluted to twice its volume with distilled water
and extracted with ethyl acetate (7.250 ml). The
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concentrated ethyl acetate fraction gave a yellow
solid known as kolaviron.

Treatment solutions

Crystaline salt of NaN; (Sigma) was dissolved in
distilled water (20 mg/ml) and adjusted to pH 7.4
with 0.1 M phosphate-buffered saline (PBS). This
solution was freshly prepared each morning of ad-
ministration and kept at 4°C before use. Kolaviron
was dissolved (40 mg/ml) in corn oil (Carlini®, AL-
DI Inc. Batavia) which is the only solvent in which
it totally dissolves (Adaramoye et al., 2005; lgado
et al.,, 2012) to allow for oral administration. All
treatments were done orally using an oral gavage.

Treatment

Thirty male adult Wistar rats weighing between
180-220 g were assigned into 5 groups (n=6). A
group received 20 mg/Kg body weight (BW) of
NaN; for a duration of 5 days (acute). A separate
set were pretreated with 200 mg/Kg BW of Kolavi-
ron (21 days; oral), followed by 20 mg/Kg BW of
NaN;z (5 days) to examine the protective effect of
Kolaviron. Similarly, we examined the ameliorative
effect of Kolaviron by treating another group with
20 mg/Kg BW of NaN3 (5 days) followed by 200
mg/Kg BW of Kolaviron for 21 days. A set of con-
trol animals received 200 mg/Kg BW of Kolaviron
for 21 days while another set received corn-oil only
(2 ml at pH 8.0) for 21 days (vehicle for Kolaviron
administration). All protocols and treatment proce-
dures were done according to the IACUC guide-
lines and as approved by the Animal Use in Re-
search Committee of the Postgraduate School,
University of llorin, Nigeria.

Animal sacrifice and tissue processing

On completion of treatments, rats were eu-
thanized using 20 mg/Kg BW of ketamine
(intraperitoneal). Transcardial perfusion was done
using 4% paraformaldehyde (PFA) injecting
through the left ventricle while the animal was sus-
pended in an inverted position (gravity). Subse-
quently, brains for histology, immunohistochemis-
try and immunofluorescence were excised and
fixed in 4% PFA overnight at room temperature
Cryopreservation was done after 24 hours by
transferring the whole brain into 4% paraformalde-
hyde (containing 30% sucrose) at 4°C in which it
was transported to the Research Department of
Cell and Developmental Biology, where further
processing was carried out. Brains for western
blotting were immediately excised after cervical
dislocation of rats and transcardial perfusion with
PFA. They were transferred into 30% sucrose and
rapidly frozen out in liquid nitrogen placed in Ther-
mo-flask container until further processing. Subse-
guently, coronal sections were made to expose
and dissect the dorsal prefrontal cortex (2.6 mm
anterior to the bregma) using a Leica dissecting
microscope. Following this, the sections were pro-

cessed routinely to obtain paraffin wax embedded
blocks for histology and antigen retrieval immuno-
histochemistry. Histology paraffin wax embedded
sections were stained in Haematoxylin and Eosin
using the method of Kiernan (Kiernan et al., 2010).

Immunohistochemistry

Protein cross-linkages were removed in the sec-
tions (9 um thick) by applying 0.1% trypsin for 20
min at room temperature to activate the antigens.
Endogenous peroxidase blocking was done using
hydrogen peroxide, while 5% bovine serum albu-
min (BSA) was used to reduce non-specific protein
reactions. GFAP primary antibody was diluted
(1:100) and applied on the tissue sections (100 ul)
for incubation (60 min) at 37°C. Subsequently,
secondary biotinylated antibody was desalted and
diluted in PBS (pH 8.0) prior to its application on
tissue sections. Incubation with secondary anti-
body was done in the humidity chamber for 30 min
at room temperature. Immunogenic reaction was
developed using 3'3' diaminobenzidine tetrachlo-
ride (DAB) and intensified using methenamine sil-
ver kit (used according to manufacturer’s instruc-
tion). The sections were counterstained in Haema-
toxylin, and subsequently treated in 1% acid alco-
hol to reduce the counterstain intensity.

Immunofluorescence

This was carried out using the method of Fritschy
and Hartig (1999). Carefully dissected dorsolateral
prefrontal cortices were embedded in optimum
cutting temperature (OCT) compound
(Thermoscientific). The tissue caskets were dipped
into dry ice to freeze out rapidly. For sectioning in
the cryostat and staining, the following procedures
were carried out: the casket was attached to a
mounting chuck with OCT and after dry freezing
with dry ice; it was transferred into the cryostat and
allowed to equilibrate with the cryostat at 25°C for
30 min. Tissues were sectioned at 15um and
mounted onto Superfrost slides in alternate serial
sections. Subsequently, slides were washed 3 x
5mins with 0.1M PBS. Blocking of non-specific
proteins was done by incubating the tissue sec-
tions for 30 min in blocking buffer (10% calf serum
with 1% BSA and 0.1% Triton X-100 in 0.1M PBS).
Primary antibodies (anti-iNOS (1:1000); anti-nNOS
(1:1000)) diluted in blocking buffer was used to
incubate slides overnight at 4°C (Slides were pre-
vented from drying). Slides were then treated with
biotinylated secondary antibody (goat anti-rabbit
1:400 in block) and incubated for 2 hours at room
temperature. Sections were washed twice with 1%
serum PBS for 10 minutes each. Mounting was
done using fluoroshield mounting medium (Abcam)
and slides were coverslipped. Slides were stored
between at 4°C in a covered slide box (covered
with foil paper) until examined under the micro-
scope.
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Western blotting

Western blotting carried out as described previ-
ously Wang et al. (Wang et al., 2006). The steps
are summarized thus: Carefully dissected (in ice
chamber) dorsolateral prefrontal cortex were har-
vested and placed in the round bottom microfuge
tubes which were immersed in liquid nitrogen to
“snap freeze”. Per 5 mg piece of tissue, 300 ul of
lysis buffer (radioimmuno precipitation assay buffer
-RIPA-) was added rapidly to the tube and homog-
enized with an electric homogenizer. The blade
was rinsed twice with another 2x300 pl RIPA buffer
and then maintained under constant agitation for 2
hours at 4°C on an orbital shaker in the fridge.
Subsequently, centrifugation was done for 20
minutes at 12,000 rpm (4°C) in a microcentrifuge.
Supernatants were collected and protein concen-
trations were determined using Bio-Rad protein
assay (Bio-Rad Laboratories, Hercules, USA). The
cell lysates with equal amount of proteins (40 ug)
were separated by SDS-PAGE and blotted onto
polyvinylidene difluoride membranes. The mem-
branes were blocked in Tris-buffered saline with
0.05% Tween-20 (TBS-T) containing 5% non-fat
milk overnight. The membranes were then incubat-
ed with various primary antibodies (anti-Bcl-2
(1:1000); anti-Bax (1:1000); anti-CAD (1:800); anti-
MAPT (1:1000); anti-MAP2 (1:1000) and anti-
GAPDH (1:1000)) at 4°C overnight. The mem-
branes were washed 3 times in TBST while agitat-
ing for 5 min each time and they were incubated
for 1 hour with horseradish peroxidase (HRP)-
conjugated secondary antibodies (Jackson Immu-
noResearch, West Grove, USA). Images from
membranes were developed with Thermo Scien-
tificTM myECL Imager (CCD imager).

Photomicrography and cell count

Histological and immunohistochemical images
were acquired using an Olympus binocular re-
search microscope (Olympus, New Jersey, USA)
connected to a Cameroscope (5.1 MP). Immuno-
fluorescence images were obtained with the
Eclipse 80i Nikon Compound Microscope (Tokyo,
Japan) with an attached Hamamatsu DCAM-API
digital camera and software (Hamamatsu, Japan).
Images from western blot membranes were devel-
oped with Thermo Scientific myECL Imager (CCD
imager). Histological and Immunohistochemical
images were captured at different magnifications
as indicated on micrographs and exported to
JPEG through which they were analyzed using the
ImageJ 1.46r software (National Institute of Health,
USA). Cell counting was done using the ImageJ
ICTN plugin (cell analyser). Densitometric analysis
of blotted proteins was done on digital images us-
ing ImageJ software.

Statistical analysis
Statistical analysis Data was analysed in
GraphPad Prism (Version 5). Relative average

brain weight, cell count outcomes were plotted in
ANOVA with Bon Ferroni post-hoc test. Signifi-
cance was set at p<0.05* (95% Confidence Inter-
val). The outcomes were interpreted in a bar chart
with error bars; showing the mean and standard
error of mean respectively.

RESULTS

General observations and changes in relative
brain weight

Generally, it was observed during the experiment
that treatment with NaN; elicited withdrawal re-
sponses in Wistar rats as they immediately ab-
stained from chow, water and the other rats within
the same cage/group for about 4 hours. After this
period however, the rats returned to normal activi-
ties within their cage and also fed on rat chow and
water ad libitum. Furthermore, it was observed that
the overall rate of feed and water intake was not
affected by the administration of either corn oil,
kolaviron or NaN; across the groups. Fig. 1
showed that the relative brain weights of rats in the
KV group did not differ significantly from the CO
group. Furthermore, it was shown from the result
that rats in the NaN; group have a significantly
decreased relative brain weight when compared
with the CO group (p<0.05). However, there was a
significant increase in the relative brain weights of
rats in the NaN3+KV and KV+ NaNzgroups when
compared with the NaN; group (p<0.05).

Histoarchitectural changes
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Fig. 1. Bar graph representing the relative brain
weights of Wistar rats across the treatment groups.
The relative brain weights of rats in the KV group did
not differ significantly from the CO group. Rats in the
NaN3 group have a significantly decreased relative
brain weight when compared with the CO group
(p<0.05). However, there was a significant increase in
the relative brain weights of rats in the NaN3+KV and
KV+NaN3groups when compared with the NaN3 group
(p<0.05).
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Fig. 2. Representative micrographs of H&E staining showing the general cytoarchitecture of the DLPFC in
Wistar rats. Magnification: X400. Normal histological features of the PFC in the CO and KV groups characterized by
large pyramidal neurons (black arrow) with long axons (dotted lines between black stars) that extend well from the
soma to adjacent neurons within the neuropil. Apical and basal dendrites (red stars) extends from the well deli-
neated soma of the pyramidal neurons in both groups. NaN; treatment (NAN3 group) caused degenerative changes
in the PFC that was characterized by clustered pyknotic pyramidal neurons that appear with fragmented cytoplasm
and condensed nuclei within soma (dotted circles). Perineural spaces can be seen surrounding degenerating neu-
rons (red arrows) Axons and dendrites are scarcely appreciable around neurons in this group. The NaN3;+KV have a
similar morphology with the NaN3z group but the pyramidal neurons appear larger with considerably longer axons
and their nuclei are mostly unfragmented. However, the KV+NaN3 group is much similar in morphology with the CO
and KV groups. The group is characterized by succinctly expressed neurons with appreciable axons and dendrites
observable within the neuropil.
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Results (Fig. 2) showed normal histological fea-
tures of the PFC in the CO and KV groups. The
histology of these two groups is characterized by
large pyramidal neurons with long axons that ex-
tend well from the soma to adjacent neurons within
the neuropil. Furthermore, short dendritic process-
es can be seen around the clearly demarcated
neuronal perikarya. In the KV group, a few hallo-
spaces created by the neuroglia (particularly oli-
godendrocytes) which are usually the rounded fig-
ures within the neuropil can be appreciated. In
contrast however, the NaN3; group was character-
ized by various degenerative changes which can
be seen all around the neuropil. The degenerative
changes in the NaN3 group include the presence
of fragmented neuronal cytoplasm (karyorrhexis)
and condensed nuclei (pyknosis), which are
shown by the small dotted circles in the photomi-
crographs. In addition to this, the degenerated py-
ramidal neurons in this group are cryptic with hard-
ly any visible axons or dendrites within the neuro-
pil. Perineural spaces which surround neuronal
soma are also notable features of the NaN; group.
The histological presentations of the NaN3z;+KV
group bear some semblance with the NaN3 group
but the neurons appear larger and their nuclei are
mostly unfragmented. The morphology of the
DLPFC in the KV+NaN; group is characterized by
succinctly expressed neurons with appreciable
axons and dendrites observable within the neuro-
pil. Although a few perineural spaces are present
around neurons of the KV+NaN; group, the gen-
eral cortical cytoarchitecture in this group is similar
to that of the CO and KV groups.

Glia fibrillary acidic protein (GFAP)

Astrocytes demonstration was carried out in this
study using GFAP immunohistochemistry to study
its morphology in response to the different treat-
ments. Result showed that the CO and KV groups
are characterized by succinctly expressed astro-
cyte with regular distribution, size and numerous
processes which form an array of network within
the neuropil (Fig. 3). The neuronal cells in these
groups also appeared with normal morphology
with several of them seen between and around the
branched astrocytic processes. On the contrary,
astrocytes integrity in the PFC of rats in the NaNj3
group was disruptively compromised. The disrup-
tive changes include astrogliosis
(neurodegeneration-related glia activation) and
increased astroglia size which can be seen sur-
rounding pyknotic neurons. Several of the neu-
ronal cells within the reactive astrocytes appear
degenerated, with a blebby-like perikarya. Further-
more, the neuropil is generally characterized by
several degenerative changes marked by indistinct
structural layout of intermediate filaments and halo
-spaces between reactive astrocytes. The halo-
spaces appear to have resulted from the migration
of reactive astrocytes cleaving degenerating neu-

rons. The NaN3;+KV group have similar astrocyte
morphology with the NaN3 (only) group. The PFC
of rats in this group is similarly characterized by
reactive astrocytes that can be seen across the
entire expanse of the neuropil and are surrounded
by pyknotic neurons. However, in contrast to the
NaNs group, scarred astrocytes as well as some
preserved neuronal cells (green arrow) can be
seen within the neuropil of the NaNs+KV group.
Astroglia morphology in the KV+ NaN; group has
very similar appearance with the CO and KV (only)
group. In this group, the normal-sized astrocytes
are succinctly expressed within the neuropil. Also,
many of the neurons between astrocytes have nor-
mal morphology without degenerative changes
although glia scar can be seen around a seemingly
degenerated neuron.

Affectation of the neuronal cytoskeleton

The demonstrated neuronal cytoskeleton and
supporting proteins include; microtubule associat-
ed protein tau (MAPT) and microtubule associated
protein 2 (MAP2) (Fig. 4a). Densitometric analyses
of western blotting showed that NaNj3 significantly
(p<0.05) increased the deposition of MAPT in the
DLPFC while pre- administration of Kv neutralized
the mean band density of this protein (Fig. 4b).
Also, post-administration of rats with Kv following
oral NaN; treatment did not significantly reduce
MAPT over expression. In contrast to MAPT, the
density of MAP2 was significantly (p<0.05) deplet-
ed by NaNj; treatment in the DLPFC of Wistar rats
while Kv intervention after the treatment does not
improve this reduction. However, administration of
kolaviron to Wistar rats before NaN; treatment sig-
nificantly prevented depletion of MAP2 (Fig. 4c).

Nitric oxide mediated neurodegeneration

Immunofluorescence analysis revealed that NaNs;
-induced oxidative stress through excessive syn-
thesis of NO as shown by the increased iNOS im-
munopositivity in the PFC (Figs. 5a and 5b). Ad-
ministration of Kv before NaNj; treatment conferred
neuroprotective effects by inhibiting NO overpro-
duction, evinced by the observed reduction of iN-
OS immunopositivty, and thus inhibiting NO-
mediated oxidative stress. However, Kv treatment
after NaN; held little regulatory effect on NO pro-
duction. Similar to NaNs-induced iINOS over-
expression, quantitative analysis of nNOS immu-
nofluorescence showed that NaN; increased im-
munopositivity of the enzyme in the PFC of Wistar
rats indicating high levels of neuronal NO produc-
tion (Figs. 6a and 6b). Again, Kv intervention after
NaN;z treatment does not have significant restora-
tive effect on nNOS levels suggesting that it does
not totally deplete NaNs-induced NO overproduc-
tion in neural tissue. However, pre-treatment of Kv
to rats before NaN; downregulated NO production
via nNOS.
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Fig. 3. Representative micrographs of GFAP immunohistochemistry of the DLPFC in Wistar rats. Magnification
X400. The CO and KV groups are characterized by succinctly expressed astrocyte with regulardistribution, size and
numerous processes which form an array of network within the neuropil (black arrows). Neurons in these groups also
appeared with normal morphology (green arrows) with several of them between and around the branched astrocytic
processes. On the contrary, activated astroglia (astrogliosis) can be seen surrounding pyknotic neurons (dotted cir-
cles) in the NaNz group. Neurons appear degenerated across the neuropil in this group as well. Similarly, the
NaN3;+KV group is characterized by astrogliosis as in NaN3; group except for a few scarred astrocytes (solid circles)
and some morphologically normal neurons. Astroglia morphology in the KV+ NaN3 group is very similar in appearan-
ce with the CO and KV (only) group. In this group, the normal-sized astrocytes are succinctly expressed within the
neuropil and neurons between astrocytes have normal morphology, though glia scar (solid circle) can be seen around
a seemingly degenerated neuron.
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Fig. 4. (a) Western blot analysis of MAPT, MAP2, BCL-2, Bax, and CAD protein levels in cell lysates from DLPFC of
Wistar rats treated with the indicated sole or combination of Kolaviron (KV), Corn Oil (CO) and Sodium Azide (NAN3).
Mean band densities of (b) MAPT, (c) MAP2, (d) BCL-2, (e) Bax and (f) CAD plotted against the loading control
(GAPDH). There are observable differences in the densities of blotted protein bands on the polyacrylamide membra-
ne and as shown by densitometric analyses. In MAPT, NaN3; and NaN3;+KV groups showed a significant increase in
MAPT densities when compared with the CO and KV+ NaN3groups (p<0.05). Similarly, there appear to be an increa-
se in the mean band densities of MAPT in the KV group when compared with the CO and KV+ NaNj3 groups but these
were not statistically significant at p<0.05. Mean densities of MAP-2 are highest in the CO, KV and KV+ NaN; groups.
MAP2 in the NaN3 and NaNz+KV groups showed significant decreases when compared with the other three groups
(p<0.05). There were statistically significant increase in the mean density of Bax protein in the NaN3 and NaN3z+KV
groups when compared with the CO and KV groups (p<0.05). The KV+ NaN; group showed a significant decrease
when compared with the NaN3 and NaN3;+KV groups. There was no significant difference in CAD densities across
treatment groups at P<0.05. For BCL-2, groups treated with NaN; and NaN3;+KV respectively showed significant in-
creases when compared with the CO group (p<0.05). Both the NaN3; and NaN3;+KV groups showed significant incre-
ment in BCL-2 density when compared with the KV+NaN3 group (p<0.05). Surprisingly however, the KV group also
showed a significant higher BCL-2 density when compared with the CO group (p<0.05).
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Fig. 5. (A) Representative micrographs showing immuno-expression of inducible nitirc oxide synthase
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groups (p<0.05). The NaNs3+KV group does not differ significantly from the NaN3group at p<0.05. However, the
NaNs+KV group does not differ from the other treatments group also.
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Fig. 4. (A) Representative micrographs showing immuno-expressions notric synthase (nNOS) in the DLPFC
of Wistar rats. Magnification:X40. nNOS positivity in the NaN3 group is increased compared with the CO, KV and the
KV+ NaNjzgroups (p<0.05). (B) Expression of nNOS Immuno-positive cell analysis for different treatment
groups. *=p<0.05. The bar graph revealed that there was a significant increase in nNOS expression in the NaN3
when compared with the CO, KV and KV+ NaN3 group p<0.05. There appeared to be a reduction in nNOS expres-
sion in the NaN3+KV group when compared with the NaN; group but this was not significant at p<0.05. Also, the
NaN3;+KV group showed a significant difference from the CO group.
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Cell cycle regulating (apoptotic) protein
dysfunction

Apoptotic regulatory proteins including Bax,
CAD, BCL-2 were studied (Fig. 4a). Two pro-
apoptotic proteins (BCL-2 associated X protein
(Bax) and Cathepsin D (CAD)) and an anti-
apoptotic protein (BCL-2) were immuno-blotted.
The result revealed increased Bax expression by
NaN; administration, and this was significant at
p<0.05 wherein the mean band density of Bax pro-
tein significantly increased in the NaNs-treated
rats, when compared with the other groups (Fig.
4d). The result further showed that Kv intervention
before but not after prevented such increment. The
lysosomal protease CAD did not show any signifi-
cant difference in mean band densities of the pro-
tein across treatment groups (Fig. 4e).

Surprisingly, NaN; also significantly increased
the mean band density of anti-apoptotic protein
BCL-2 in the PFC of Wistar rats. However, treat-
ment of rats with Kv (only) also showed a signifi-
cant higher BCL-2 density when compared with
rats treated with corn oil. In addition, pre-
administration of Kv significantly prevented NaNs-
induced neuronal BCL-2 increment whereas post-
administration of Kv to does not prevent increased
BCL-2 expression in rats (Fig. 4f).

DISCUSSION

Altered average brain weight

A number of studies evaluating brain tissue vol-
umes or metabolic function in NDDs are demon-
strating that regional tissue loss and hypometabo-
lism correlate with specific cognitive and behav-
ioural impairments in ways that are similar to what
has been seen with other more focal types of pa-
thology (Navarro and Boveris, 2010). One of the
manifestations of NaNs-induced toxicity as shown
from this study is altercation in the brain weight of
treated rats. 20 mg/kgBw of NaN; was shown to
significantly reduce the relative brain weights of
Wistar rats. This characteristic reduction in brain
weight induced by NaNj3 is similar to the manifesta-
tions of several NDDs pathology. Reduced relative
brain weight has been linked to abnormal neuro-
chemistry, which is synonymous with abnormal
functionality in sections of the brain. As an exam-
ple, decreased serotonin, 5-hydroxyindoleacetic
acid and dopamine were detected in the cortex
and the hypothalamus of adult mice with reduced
relative brain weight (Mercer et al., 2009). In addi-
tion, decreased brain weight and volume have
been observed in leading brain disorders including
Schizophrenia, Alzheimer’s, Parkinson’s, Hunting-
ton’s diseases (Farzan et al., 2010; Van Laar and
Berman, 2013). Furthermore, like NaNz, some
neurotoxic agents are also known to exert brain
damage by selectively reducing brain weight (Cecil
et al., 2008). It is suggestive that adverse brain
weight outcomes induced by NaNj in this study

may be related to metabolic impairment and per-
sistent excitotoxicity. In support of this, frontal lobe
white matter reduction was reported to result di-
rectly from the neurotoxic effect of abused drugs
that include cocaine, heroin and cannabis and this
was directly linked to inhibition of the process of
myelination leading that subsequent led to degen-
eration (Schlaepfer et al., 2006). Additionally, re-
sults from this study showed that pre- treatment of
rats with 200 mg/kgBw Kv, before NaNs-treatment
significantly prevented a reduction in relative brain
weight. Recent studies have suggested that con-
sumption of diets rich in such therapeutic compo-
nents as antioxidants and anti-inflammatory, like
Kv may lower the risks of age-related loss of brain
volume that result in cognitive declines and in-
creased risk of NDDs (Joseph et al., 2009). How-
ever, in contrast to the significant and definitive
role of Kv against relative brain weight loss, find-
ings from the present study revealed that Kv inter-
vention after NaN3; neurotoxicty holds very little
restorative effect on the reduced brain weight. This
suggests that although Kv administration following
NaNs-induced neurotoxicity may have effected
reduction of the neurochemical imbalances that
orchestrated brain weight loss, it had limited thera-
peutic potentials at halting the NaNz-induced neu-
rotoxicity entirely; hence the recorded brain weight
loss in the neuroreparative group. This observation
supports the notion that Kv's protective mecha-
nisms against brain weight loss was by delaying or
halting progressive degeneration of the involved
neurochemical pathways. Such neuroprotective
mechanism has been proposed as a causal thera-
peutic strategy for Parkinson’s disease (PD), AD,
and amyotrophic lateral sclerosis (Nieoullon,
2011).

NaNs-induced histomorphological disruption
and Kolaviron therapy in the PFC

The cellular anatomy of the control groups (corn
oil (CO) and kolaviron only (KV)) were dominated
by large pyramidal neurons (characterized by their
distinct apical and basal dendritic trees and the
pyramidal shape of their soma), with long axons,
that extended well to adjacent neurons within the
neuropil. The observed neuronal, axonal and den-
dritic morphology in these groups, suggests appro-
priate and normal functionality of the DLPFC, since
from the functional point of view, the neurons are
the most important cells of the brain (Coward,
2013). Together with the dendrites, the axons form
the synapses, through which signals are sent from
the axon of one neuron to a dendrite of another
(Major et al., 2013). As observed in the histoarchi-
tecture of the CO and KV groups, the well-
extended axons of pyramidal neurons and the
demonstrated dendritic processes connote suave
synaptogenesis within the DLPFC in these groups.
NaNsz—induced cytoarchitectural damage present-
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ed with properties of early stage apoptosis as
apoptotic cells are characterized by cell shrinkage
and pyknosis (Osten and Margrie, 2013). On histo-
logic examination with H&E staining, apoptosis
involves single cells or small clusters of cells (as
shown by the dotted circles around the degenerat-
ing neurons in the NaN3 group from Fig. 1 (KV &
CO), and the apoptotic cell appears as a round or
oval mass, with dark eosinophilic cytoplasm and
dense purple nuclear chromatin fragments. Fur-
thermore, the cryptic changes seen in the soma of
pyramidal neurons in the NaNsz-group also sug-
gests apoptotic mode of neuronal cell death, in
which cell shrinkage made the cells smaller in size,
with dense cytoplasm and the organelles more
tightly packed. Similarly, neuronal apoptotic bodies
have been described to consist of cytoplasm with
tightly packed organelles, with or without a nuclear
fragment (Stefanis et al., 1997). Another hallmark
characteristic of apoptotic neurons in the NaNs-
treated rats in this study is defective axons which
definitely will lead to loss of synaptogenesis. De-
fective axons are not only present in diseased neu-
rons, but they also cause certain pathological in-
sult due to accumulation of organelles (Coleman
and Freeman, 2010). The subject of reduced or
lost neural communication from defective axons in
this study is further supported by the presence of
perineural spaces which were seen to surround
the neuronal soma in the NaN; treatment group.
Therefore, it is suggestive that structural alteration
in axonal morphology caused by NaNg, led to loss
of signal processing, neuronal timing and synaptic
efficacy in the PFC of rats, which may also ac-
count for the tissue weight alterations seen in this
study. However, 200 mg/kgBw of Kv showed par-
tial restorative potential against NaNz-induced neu-
ronal cell death, when administered after treatment
with NaN3;, The neurons in this group appear larger
and their nuclei are mostly unfragmented. Howev-
er, the cyto-protective property of Kv was pro-
nounced in the group in which it was given before
NaNs;. The morphology of the PFC in this group
was characterized by succinctly expressed neu-
rons, with appreciable axons and dendrites ob-
servable within the neuropil. Although a few peri-
neural spaces are present around neurons of this
group, the general cortical cytoarchitecture is
much similar to that of the CO and KV groups. Kv
neuroprotective mechanism against neuronal
death may be through the inhibition of NaNs-
activated neuronal biochemical cascades that trig-
ger proteases which destroy molecules that are
required for cell survival and others that mediate a
program of cell suicide in neuronal apoptosis.
These shown potentials of Kv are important, as
apoptotic mode of neuronal cell death is reportedly
the predominant from of cell death in chronic
NDDs (Friedlander, 2003; Elmore, 2007) and ax-
onal dysfunction in the nervous system, has been
shown to be one of the major causes of several

NDDs (De Vos et al., 2008).

Neuronal cytoskeletal and support protein dys-
function and Kolaviron protective mechanisms

Dysfunction of neuronal cytoskeletal and support
proteins are neuropathological signatures of many
NDDs, and mutations in these proteins have been
implicated in the pathogenic cascades involved in
neurodegenerative processes (Cairns et al., 2004).
The morphology of astrocytes, which confer both
structural and metabolic support on neurons, was
demonstrated using GFAP immunohistochemistry.
Also, microtubule associated protein Tau (MAPT)
and microtubule associated protein 2 (MAP-2)
which are involved in both axonal growth and sup-
port were demonstrated using western blotting
techniques.

Reactive astroglia (astrogliosis) and Kolaviron
intervention

Since astrocytes regulate neural circuit function
in the healthy and diseased brain, studying astro-
cyte morphology is key to the development of ther-
apeutic agents to treat these diseases (Clarke and
Barres, 2013). With the treatment duration adopted
in this study, GFAP immunohistochemistry re-
vealed no major change in astrocyte distribution
and structure, in both the CO and KV groups as
they are characterized by succinctly expressed
astrocyte, with regular sized and numerous pro-
cesses, which form an array of network within the
neuropil. The normal morphology of astrocytes
would have made numerous essential contribu-
tions to normal functions, including regulation of
blood flow, provision of energy metabolites to neu-
rons, participation in synaptic function and plastici-
ty, and maintenance of the extracellular balance of
ions, fluid balance and transmitters (Sofroniew,
2009).

On the contrary, as a result of the NaNs-induced
neurotoxicity in this study, astrogliosis
(neurodegeneration-related glia activation) associ-
ated with degenerative (pyknotic) neurons and
inflammatory processes occurred in rats. The
mechanisms that lead to astrogliosis are not fully
understood. However, damaged neurons have
long been reported to induce astrogliosis and as-
trogliosis has been used as an index for underlying
neuronal damage (Zhang et al., 2010). Further-
more, the neuropil was generally characterized by
indistinct structural layout of intermediate filaments
and halo-spaces between reactive astrocytes. The
halo-spaces appear to have resulted from the mi-
gration of reactive astrocytes cleaving pyknotic
neurons. Such changes in molecular expressions
undergone by astrocytes as they become reactive
have the potential to deplore pronounced effects
on surrounding neural cells. In similarity with
GFAP findings from this study, Megyeri et al.
(2008) showed pathological changes in the ultra-
structure of mitochondria and glial cells, detected
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in NaNs—treated animals suggesting its ability to
disrupt the blood—brain barrier. Many studies have
also shown that astrogliosis is one of the principal
events associated with most NDDs resulting from
damage by oxidative stress (Triolo et al., 2006).
Thus, it is inferred that the observed astrogliosis
and degenerative formation of astrocytes seen in
this study are a result of NaNs-induced oxidative
stress and inflammatory processes. The group of
rats treated with NaNj3 before kolaviron therapy
(NaN3+KV) had similar astrocyte morphology with
the NaNj3 (only) group. The DLPFC in this group is
similarly characterized by reactive astrocytes and
pyknotic neurons across the entire expanse of the
neuropil. However, in contrast to the NaN; group,
scarred glia as well as a number of morphological-
ly normal neurons are within the neuropil of this
group. These findings further buttress earlier ob-
servations of the partial restorative role played by
kolaviron against NaNs-induced neurotoxic pro-
cesses from oxidative stress. Increasing evidences
suggests a beneficial role for this scar tissue as
part of the endogenous local immune regulation
and repair process for degenerating neurons
(Rolls et al., 2009). Neurons with normal morphol-
ogy found around the glia scars suggest the role of
observed scar formation in neural repair process-
es. Furthermore, there are strong evidences that
mature astrocytes can re-enter the cell cycle and
proliferate during scar formation (Buffo et al.,
2008), this may explain the mechanisms by which
kolaviron initiated restorative effects on degenera-
tive neurons caused by NaNj; treatment in this
study.

Astrocytes morphology in the group treated with
kolaviron before NaN3; has very similar appearance
with those of the control groups. This buttresses
that a neuroprotective mechanism of kolaviron in
preventing neuronal cell loss in this study is
through prevention of astrogliosis. This can be
linked to its strong inhibitory properties against
oxidative stress and proinflammatory proteins,
which possibly propagated the toxic processes
leading to astrogliosis. It is suggestive from our
findings that one mechanism of kolaviron therapy
is in abolishing molecular inflammatory processes
that occurred via induction of detoxifying enzymes
which then halted astrogliosis. It has been sug-
gested that the molecular mechanisms underlying
the protective action of kolaviron are activated by
suppressing certain proinflammatory genes whose
expression have been shown to be regulated by
transcription factors (Farombi et al., 2009).

Differential densities of microtubule associated
proteins (MAPT and MAP2)

MAPT and MAP2 stabilize microtubules; by shift-
ing neuronal reaction kinetics in favor of addition of
new subunits, thereby accelerating microtubule
growth and by binding to the outer surface of the
microtubule protofilaments (Howard and Hyman,

2007). In similarity with the increment of MAPT
density found in this study, expression of the tau
gene, alternative splicing of its mRNA and its post-
translational modification can modulate the normal
architecture and functions of neurons as well as in
situations of tauopathies, such as Alzheimer’s dis-
ease (Wang and Liu, 2008). This further elucidates
that a process involved in the observed neuronal
apoptosis and axonal damage recorded in this
study is the upregulated levels of tau protein. Oxi-
dative stress such as induced by NaN; has been
shown to affect the regulation of the neuronal cyto-
skeleton through regulatory mechanisms, including
changes in expression levels, post-translational
modifications and the effects of the binding of part-
ner proteins (Wang and Liu, 2008), with some
changes being protective and others pathogenic
(Gardiner et al., 2013). Thus, the observed NaNs-
induced increase MAPT density in this study may
be directly correlated to disturbances in mitochon-
drial biochemical redox ultimately resulted in oxi-
dative stress.

Surprisingly, in contrast to the increased mean
band density of MAPT associated with NaNs-
induced neurodegeneration in this study, there
was a significant reduction in the mean band den-
sity of MAP2 in the PFC following NaN; admin-
istration. MAP2 deposition was highest in the CO,
KV and KV+ NaN; groups while the mean densi-
ties of MAP2 in the NaN3; and NaNs;+KV groups
showed significant decreases when compared with
the other three groups. This result is a bit intri-
guing, given that the observed MAPT densities is
almost completely opposite MAP2 densities across
the treatment groups especially since both proteins
are microtubule associated. However, both aggre-
gation and dissociation of MAPs can be forms of
degenerative changes as shown by previous stud-
ies (Cartelli et al., 2010; Gardner et al., 2011) and
buttressed by the observed degenerated axons
and dendrites of neurons in the NaNs-treated rats
(since MAPT are found mostly in axons and MAPT
in the dendrites) in this study (Cairns et al., 2004).
The downregulation of MAP2 found in the NaNj;-
treated rats in this study may also be as a result of
oxidative stress and mitochondrial dysfunction. We
published previously that NaNs; dissociated light
chain neurofilament (NFL) assembly (Olajide et al.,
2015), the mechanism involved may include Tau
dysregulation as NFL have been shown to directly
bind microtubules, promote nucleation and prevent
disassembly, and to induce the formation of paral-
lel array (Mandelkow and Mandelkow, 1995). Simi-
lar to the protective mechanism of Kv against
MAPT aggregation, its protective effect against
MAP2 depolymerisation in the group of rats that
received it before NaN; treatment was significant
(p<0.05) as opposed to kolaviron-restorative effect
observed in the group that received it after NaNs-
induced depletion of MAP2. Kv’'s potential to re-
duce background levels of protein oxidation
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(Farombi et al., 2004) may explain the neutraliza-
tion effect it has on mitochondrial-stress-related
oxidative phosphorylation of MAPT and MAP2 in-
duced by NaNs in this study.

Molecular role of NO in NaNs-induced oxidative
stress and mechanisms of Kolaviron interven-
tion

In similarity to the neurotoxic processes leading
to morphological alterations induced by NaNj; dis-
cussed so far, there is evidence that NO may be
one reactive radical that is involved in such degen-
erative cascades leading to neuronal cell death
(Chung and David, 2010).

The overexpression of the studied isoforms of
NOS by NaN; evinces the involvement of exces-
sive production of NO radical in the earlier seen
neuronal degeneration in this group, and also the
inhibitive role of Kv further demonstrated its neuro-
protective mechanisms. It has been discussed that
NOS isoforms, particularly the inducible and neu-
ronal types undertake unique roles during neuronal
toxicity (Parathath et al., 2007). The specific NOS
isoform activated during disease can determine
how the NO produced promotes degeneration or
neuroprotection (Zhou and Zhu, 2009). It was
found that nNOS is critical for the progression of
kainate-stimulated neurodegeneration and its acti-
vation in a model of focal ischemia was reported to
promote neurotoxicity (Bal-Price and Brown,
2001); iNOS produces large amounts of NO as a
defense mechanism during neural toxicity in re-
sponse to cytokines while glia also produces NO
primarily through the induction of iINOS (Bal-Price
and Brown, 2001). In general, iNOS is considered
responsible for the high output of NO in pathologi-
cal, inflammatory central nervous system states.
However, the involvement of both NOS isoforms in
NaNz.induced neurodegeneration and Kv neuro-
protective mechanism by their inhibition is clearly
elucidated by NOS immunoexpression in this
study.

It has been shown that cytokines can additionally
be produced by activated astrocytes, which may
again respond to them by iNOS induction (Kuang
et al., 2009). Thus, the neuroprotective mechanism
of kolaviron against NaNz-induced astrogliosis ear-
lier observed in this study may contribute to the
normoregulation of INOS levels seen in the DLPFC
of this group of rats. Furthermore, Quincozes-
Santos et al. (2013) related overexpressed NOS to
cellular changes similar to NaNs-induced astro-
gliosis, alteration in cytoskeletal proteins and acti-
vation of apoptotic pathway proteins found in this
study. Inhibition of NOS overexpression may
therefore explain further, the mechanism by which
Kv protected against these degenerative changes.

Kolaviron prevented NaNs-induced neuronal
apoptosis through inhibition of cell cycle
dysregulation

Neuronal cell death is the major contributor to the
neuropathology underlying a variety of degenera-
tive diseases of the brain (Cordeiro et al., 2010;
Lanni et al., 2012). The rational potential develop-
ment of target-based strategy of Kv explored in
this study against NaNs-induced neurodegenera-
tion was examined through demonstration of cell
cycle regulatory proteins involved in the molecular
mechanisms of apoptosis.

The roles of Bax

The expression of this protein was increased by
NaN; administration when compared with the other
groups in this study. This suggests that the neu-
ronal apoptosis induced by NaNj3 in the DLPFC
observed in H&E is through p53-mediated apoptot-
ic pathways, as cellular expression of Bax is up-
regulated by p53 (Xiang et al., 1998). However, it
was revealed that a mechanism by which Kv pre-
vented neuronal cell death in this study is through
inhibition of Bax. It has been discussed that in neu-
rons a wide variety of death stimuli like oxidative
stress are associated with Bax translocation in
mitochondria followed by caspase activation
(Dargusch et al., 2001). The antiapoptotic poten-
tials of Kv shown in this study may be explained by
the downregulation of Bax, as neurons lacking Bax
are protected against apoptosis induced by growth
factor deprivation and axotomy (Culmsee and
Mattson, 2005). Furthermore, it has been shown
that Bax deficiency results in the elimination of
developmental cell death in many neuronal popu-
lations in the nervous system (Mattson, 2000).

Cathepsin D (CAD) is not involved in NaNs-
induced neuronal apoptosis

The cellular levels of CAD, which is a proteolytic
enzyme, is one of the many molecular mecha-
nisms that strictly regulate apoptosis (Minarowska
et al., 2007). Surprisingly, CAD did not show any
significant difference in mean band densities
across treatment groups in this study. This sug-
gests that this lysosomal protease is not involved
in the mechanisms of NaNs; induced neuronal
apoptosis. The observed unaltered CAD levels
despite changes in Bax levels is quite surprising,
as several literatures indicated the involvement of
CAD in p53-Bax mediated-apoptotic pathways,
especially in neuronal death involving DNA oxida-
tive damage. However, it has also been shown
that not all models of apoptosis implicate the role
of cathepsins. Some experiments with cathepsin
inhibitors have demonstrated caspase-dependent
apoptosis (Sarin et al., 1996).

The involvement of BCL-2 in neuronal
apoptosis and Kolaviron therapy

Reports have implicated the Bcl-2 gene with anti-
apoptotic properties in neurodegenerative condi-
tions (Nuydens et al., 2000). To assess and corre-
late its involvement/role in NaNs-induced neuronal
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apoptosis and to further elucidate the protective
mechanisms of Kv, levels of the BCL-2 protein
was demonstrated in the DLPFC of rats. Surpris-
ingly, NaN; also increased BCL-2 levels, but in
almost the same manner that it mediated the pro-
apoptotic proteins upregulation; Kv pre-
administration  significantly prevented NaNs-
induced neuronal BCL-2 increment. Safe for the
earlier observed degenerative changes in the
DLPFC of rats associated with NaN3 treatment in
this study, the upregulation of BCL-2 gene normal-
ly translates for anti-apoptotic activities within neu-
rons. It has been shown, for example, that upregu-
lated Bcl-2 in cell culture and transgenic mice in-
creases resistance of neurons to death during de-
velopment, and protects from apoptosis induced
by excitotoxic, metabolic and oxidative insults rele-
vant to AD, stroke and other NDDs (Stefanis et al.,
1997). However, Marshall et al. (1997) showed
that Bcl-2 was significantly raised in the basal gan-
glia regions of PD and Lewy body disease patients
as compared to age-matched control. This report
is in line with the neurodegenerative-related Bcl-2
increment observed in this study, as they also pro-
posed that Bcl-2 increase in some brain regions
are early event associated with neurodegenera-
tion, especially those caused by oxidative stress.
In addition, the expression of both Bcl-2 and Bax is
regulated by the p53 tumor suppressor gene
(Miyashita and Reed, 1995), therefore the irregu-
larity observed in the p53 apoptotic pathway in-
duced by NaN3; may explain the complimentary Bcl
-2 overexpression.

Conclusion

Kolaviron exhibited significant neuroprotective
properties against NaNs-orchestrated degenerative
changes, by inhibiting or slowing the dysfunction of
molecular players necessary for normal neuronal
integrity and health. The main neuroprotective
mechanisms underlying kolaviron therapeutic
measures against neuronal apoptosis shown in
this study include; maintenance and inhibition of
excess NO production, normoregulation of neu-
ronal cytoskeletal and supporting proteins
(especially those necessary for maintaining axonal
and dendritic integrity), and suppressing the upris-
ing levels of cell death proteins within neurons.
However, the neuroprotective effect of kolaviron
was observed to be significantly higher when it
was administered before NaNj treatment than after
NaN; treatment.
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LIST OF ABBREVIATIONS
CO - Corn oll
KV — Kolaviron only
NaN3 — Sodium azide only
NaN3+KV — Sodium azide then Kolaviron
KV+NaN3 — Kolaviron then Sodium azide
H&E — Haematoxylin and Eosin
GFAP — Glia fibriliary acidic protein
iINOS — Inducible nitric oxide synthase
nNOS — Neuronal nitric oxide synthase
MAPT — Microtubule associated protein Tau
MAP2 - Microtubule associated protein 2
BCL2 — B-cell lymphoma 2
Bax - B-cell ymphoma associated protein X
CAD - Cathepsin D
GAPDH - Glyceraldehyde phosphate dehydro-
genase
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