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ABSTRACT

Cuprizone administration causes selective damage to axonal myelin sheath and has been used to
model demyelinating diseases in neuroscience research. This study aimed at determining the
protective effects of Moringa oleifera on cuprizone-induced neurotoxicity in the prefrontal cortex (PFC).
Sixteen adult female Wistar rats were procured and grouped into 4: Group A was given normal saline,
Group B received 0.4% cuprizone diet, Group C was administered with 1.875 mg/ml of Moringa oleifera
and Group D received a combination of 0.4% cuprizone diet and 1.875 mg/ml of Moringa oleifera. All
the groups were treated orally for 35 consecutive days after which they were sacrificed. Thereafter the
PFC was processed for histological demonstration, while tissue homogenate was used to assay the
activity of superoxide dismutase (SOD). Cuprizone administration caused significant reduction in body
weight and SOD activities. It also caused an alteration in the microarchitecture and Nissl profile of the
PFC. Moringa oleifera intervention led to restoration of body weight, SOD levels, Nissl| profile and the
histology of the PFC. The use of preparations of Moringa oleifera, especially the leaf-component, could
offer some protective measures to individuals suffering from demyelinating conditions, especially in
addressing the associated weight changes and frontocortical dysfunction.
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INTRODUCTION

Neurotoxins are chemical substances that are
destructive to nervous tissues thereby affecting
different parts of the nervous system (Adams and
Olivera 1994). The injury, depending on the extent,
affects various cellular components, processes and
functions, with distinct phenotypic manifestations.
Cuprizone (CPZ) is a copper chelator, with selective
toxicity —against oligodendrocytes, which are
responsible for the production of myelin in the central
nervous system (Taylor et al. 2010). This activity
leads to destruction of myelin sheaths that

encapsulate the axons of neurons, thereby adversely
affecting neuronal morphology and functions,
including axonal impulse conduction and metabolic
processes, resulting in different forms of
demyelinating conditions, the commonest of which is
multiple sclerosis (MS) (Chari 2007). Although the
blood-brain barrier (BBB) in the CPZ model is kept
intact with no evidence of T cell infiltration, extensive
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activation of macrophages and microglial are obvious
(Bakker and Ludwin 1987; McMahon et al. 2002;
Hillis et al. 2016). Dietary CPZ administration is a
method that is well-characterized and reliable, and is
used in studying de- and re-myelination processes
involved in demyelinating diseases (Franco-Pons et
al. 2007). The withdrawal of CPZ from the diet allows
endogenous re-myelination (Hillis et al. 2016), hence
its suitability in studying the re-myelination process.
Moringa oleifera leaf is frequently used in traditional
medicine in many cultures due to its acclaimed health
benefits. It has been used in the management of
many clinical conditions due to its various properties,
which include: anti-tumour, antipyretic, antiepileptic,
anti- inflammatory, antihypertensive, antioxidant, anti-
diabetic, anti-bacterial, antifungal and
hepatoprotective activities, amongst many others (Pal
et al. 1995; Guevara et al. 1999; Shih et al. 2011;
AbdEI-Rahman et al. 2015).

Clinical assessment of the frontal lobe revealed
transient neurological deficits in several young
patients with multiple sclerosis (Mendozzi et al.
1993), hence, this study aimed to characterize the
histomorphological and biochemical changes in the
prefrontal cortex of Wistar rats following treatment
with CPZ diet and Moringa oleifera.

MATERIALS AND METHODS

Experimental Animals

All protocols and treatment procedures were done
according to the Institutional Animal Care and Use
Committee (IACUC) guidelines and as approved by
the Faculty of Basic Medical Sciences, University of
llorin, Nigeria.

A total of 16 female Wistar rats (Rattus norvegicus)
with an average weight of 163.74 + 3.59 g were
purchased from a private animal holding and kept
under standard laboratory conditions in the Animal
House of the Faculty of Basic Medical Sciences,
University of llorin, Nigeria. They were fed with
pelletized feed and grower's mash which were
purchased from Ogo-Oluwa Feed and Flour Mill
Limited, Sango, llorin. The rats were provided with
tap water ad libitum.

Reagent Preparation and Treatment Regimen

Cuprizone (99%) was purchased from Sigma-
Aldrich®, Germany (C9012-25G), and prepared at a
dose of 400 mg CPZ in 100 g of rat feed (0.4% CPZ
diet), (Stidworthy et al. 2003). The fresh leaves of
Moringa oleifera were collected in llorin, Kwara State
and identified at the Herbarium of the Department of
Plant Biology, University of llorin, where a voucher
specimen with a voucher number UILH/001/1008 was
deposited. Fractionation of the ethanolic extract of
the leaves of the plant was carried out using the silica
gel open column method at the Department of
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Chemistry, University of llorin, Nigeria. Column
chromatography was carried out on 798 g
concentrate of Moringa oleifera, followed by thin layer
chromatography. In all, seven fractions were
obtained, out of which only one was used. The
fraction used had a yield of 10.86 g of the extract,
making 1.36%.

The rats were divided into four groups A, B, C and D,
each consisting of four rats. Group A was
administered 1 ml of distilled water, Group B received
0.4% CPZ diet, Group C received 1.875 mg/ml of
Moringa oleifera leaf extract, while Group D was
administered with a combination of 0.4% CPZ diet
and 1.875 mg/ml of Moringa oleifera. Treatment of
animals was by the use of an oral cannula for 35
consecutive days during which CPZ toxicity would
have been achieved (Zhen et al. 2017).

Animal Sacrifice and Tissue Processing

Twenty-four  hours  following termination  of
experiment, the animals were sacrificed by cervical
dislocation. The animals were decapitated and the
brain tissues were carefully excised and weighed.
The prefrontal cortex was stereotaxically excised and
weighed. The right PFC was fixed in 4%
paraformaldehyde (PFA). Histological staining was
carried out in paraffin embedded sections (following
the method of Canene-Adams 2013). Thin sections
from paraffin embedded tissues were processed
histologically (Hematoxylin and Eosin stain) and
histochemically (Cresyl fast violet stain) using the
methods described by Fischer et al. (2008) and
Kadar et al. (2009) respectively. The left PFC of each
animal was obtained and pulverized in 0.25 M
sucrose with the aid of an automated homogenizer at
4°C. Lysates from the brain were centrifuged for 10
min at 12,000 rpm to obtain the supernatant
comprising organelle synaptosomes. The
supernatants were aspirated into plain labelled glass
cuvette placed in ice. SOD activity was assayed
using SOD lysate immunosorbent assay kit procured
from Bio Legend Inc., San Diego, CA, USA.

Light Microscopy and Data Analysis

PFC sections were mounted on glass slides and
captured using Olympus binocular research
microscope (Olympus, New Jersey, USA), connected
to a 5.0 MP Amscope Camera (Amscope Inc, USA.).
The percentage change in body weight, relative PFC
weight and SOD outcomes were plotted using one
way ANOVA with Tukey’s multiple comparisons test.
Significance was set at p < 0.05, p < 0.01, p < 0.005.
The outcomes were represented in bar charts with
error bars to show the mean and standard error of
mean respectively.
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RESULTS

Morphological Observations

The body weights of the Wistar rats were obtained on
the first day and last day of treatment as the initial
and final weights respectively. The percentage weight
gain was estimated as the ratio of weight gain to the
initial weight multiplied by 100. The animals in the
CPZ group had a significantly low percentage weight
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Figure 1: Percentage change in weight of experimental
animals across the groups. The cuprizone group had a
significant reduction in body weight relative to the control (p <
0.005), Moringa (p < 0.005) and CPZ+MO group (p < 0.05). *
and *** are significant values at p < 0.05 and 0.005
respectively.

loss relative to the control and Moringa oleifera
groups (p < 0.005 for both). This finding suggested
that CPZ caused a reduction in the body weight of
the Wistar rats treated with CPZ alone. Post-
treatment of animals with MO helped the Wistar rats
to normalize their body weight as it was observed
that the percentage increase in the body weight of
animals treated with both CPZ and Moringa oleifera
was significantly higher than that of the CPZ rats (p <
0.05). There was no significant difference in the
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Figure 2: Weight of the prefrontal cortex relative to the
brain weight of experimental animals. There was no
significant difference across the experimental groups (p <
0.05).
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percentage weight gain of the control group relative
to the Moringa oleifera group (p > 0.05) (Figure 1).
When the brains of the Wistar rats were excised, they
were weighed and dissected to obtain the PFC. The
relative PFC weight was obtained as a ratio of the
PFC weight to the whole brain weight. There was no
significant difference in the relative brain weight of
the experimental animals across the four groups (p >
0.05) (Figure 2).

Moringa oleifera Suppresses Cuprizone-
Induced Oxidative Stress
In the present study, we assayed for the activities
of superoxide dismutase to quantify the height of
generation of singlet and reactive oxygen species
within the PFC of the Wistar rats. In the CPZ
group, CPZ activities induced a reduction in the
level of SOD relative to the control group (p <
0.005) and Moringa oleifera-treated rats (p <
0.01). Wistar rats treated with a combination of
Moringa oleifera and CPZ diet had a significantly
higher SOD level relative to the CPZ group (p <
0.005) and lower SOD levels compared to the
Moringa oleifera-treated rats (p < 0.01). There was
no significant difference in the SOD levels of the
control group when compared to the rats treated
with Moringa oleifera (p > 0.05) (Figure 3).

Histological and Histochemical Findings
Thin sections of the PFC were studied
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Figure 3: Superoxide dismutase activities in the PFC.
CPZ+MO-= cuprizone plus Moringa. ** and *** are significant
values at p < 0.01 and 0.005 respectively.

qualitatively using Hematoxylin and Eosin, and Cresyl
Fast Violet stains to characterize histopathological
changes. High power magnification of the
dorsolateral prefrontal cortex of the control group and
Moringa oleifera-treated rats had similar
histomorphological presentations. The pyramidal
neurons in the external pyramidal layer of this region
appeared normal with large soma and neural
processes all properly seated within their respective
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neuropils surrounded by supporting cells. The cellular
density appeared characteristically normal with
typical distribution of neuronal and non-neuronal
cells. The histochemical manifestation of pyramidal
cells showed intensely stained Nissl substances,
suggesting healthy and intact neuronal morphology.
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Figure 4: Representative photomicrographs of the external pyramidal
layer of the dorsolateral prefrontal cortex of Wistar rats. CTR=control,
MO= Moringa, CPZ=cuprizone. The control group and Moringa-treated rats
presented with large pyramidal neurons with large soma and adjoining
axons (yellow arrow). The nuclei of pyramidal cells and supporting cells
(red arrows) were deeply stained. CPZ-treated rats presented with pyknotic
changes as the pyramidal and supporting cells were arranged in clusters
(dotted yellow circles). CPZ+MO-treated rats presented with an external
pyramidal layer that was characteristically similar to those of the control
group and Moringa groups. H&E stain. Scale bar= 25y
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Figure 5: Representative photomicrographs of the dorsolateral PFC
showing the Nissl substance of the neuronal cells in the external
pyramidal layer. CTR= control, CPZ= cuprizone and MO= Moringa
oleifera. CTR and MO presented with large pyramidal neurons (red
arrows) with intensely stained Nissl substance. CPZ group presented with
clusters of chromatolytic pyramidal neurons (red circles- broken lines),
while CPZ+MO treated rats presented with characteristically stained large
pyramidal neuron with few poorly stained pyramidal cells (small red
circles-broken lines). Cresyl fast violet stain; Scale bar= 25y
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Animals treated with CPZ only presented with
degenerative changes within the PFC. The neuronal
and supporting cells appeared in pyknotic clusters
with fragmented neuropils and degenerated neural
processes.
chromatolysis using the Nissl staining techniques

The cells also presented with mild

which suggested that CPZ compromised
cellular integrity and histomorphology of the
PFC of Wistar rats. Moringa oleifera
intervention  significantly = restored  the
histomorphological integrity of the PFC. Rats
that received this treatment regimen (CPZ+
Moringa oleifera) presented with typical
cellular distribution within the PFC. The
pyramidal cells appeared with large soma
and intensely stained Nissl substances
(Figures 4 and 5).

DISCUSSION

In the present study, we evaluated the role of
Moringa oleifera on CPZ -induced reduction
in body weight, oxidative stress,
microarchitectural distortion and
chromatolysis in the prefrontal cortex. CPZ
caused a significant loss in the body weight
but had no effect on the weight of the frontal
cortices of the experimental animals. This
finding suggests that CPZ raised the basal
metabolic rate of the animals treated with
CPZ thereby causing such animals to use or
burn more adipose tissues compared to
animals in the other experimental group. The
use of CPZ for the induction of CNS
demyelination is usually accompanied by
other effects outside myelin metabolism. As
observed from earlier studies (Steelman et al.
2012), reduction in body weight is often
associated with CPZ ingestion; however,
simultaneous treatment with Moringa oleifera
as used in the current work helped the
animals to gain and sustain their body
weights. Several studies have shown that
Moringa oleifera is used as food supplement
in certain parts of the world (Paul et al. 2013).
Some evidences have implicated excessive
singlet and ftriplet generation in the
pathogenesis of multiple sclerosis (Lucchinetti
et al. 2000; Lassmann 2010). The excessive
generation of these reactive species results
into oxidative stress. In the present study, the
activity of SOD was quantified to access the
antioxidant status of the PFC. SOD is an
enzyme that is in the frontline of defense
against oxidative stress. It catalyzes the
conversion of highly reactive superoxide to
less reactive hydrogen peroxide which is then
broken down into water and oxygen molecule
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by the action of catalase. CPZ depleted the level of
SOD in the PFC of animals treated with CPZ, thereby
compromising the intrinsic antioxidant system. This
finding suggests that CPZ induced a superfluous
generation of reactive oxygen species (ROS) which
cannot be catered for by the intrinsic antioxidant
defense system. Other authors have earlier observed
this also (Acs et al. 2009; Kashani et al. 2014). The
excess ROS will compromise the integrity of the
neuronal and non-neuronal cells by exacerbating lipid
peroxidation. Lipid peroxidation results from oxidative
degradation of lipids and involves the removal of
electrons from the lipid cell membrane by ROS (Sen
et al., 2009). Lipid peroxidation leads to compromised
cell membranes and cellular damage (Halliwell and
Gutteridge 1984).

Qualitative analysis of thin sections of the PFC in
animals treated with CPZ revealed pathological
alterations. We observed degenerative changes in
the pyramidal cells of the external pyramidal layer of
the dorsolateral prefrontal cortex. Some of these cells
appeared  with  fragmented neuropils  with
degenerated cellular processes while others
appeared in pyknotic cluster of darkly stained
neurons. These degenerative changes can be
attributed to the reduction in SOD level which
compromised the integrity of the intrinsic antioxidant
system thereby increasing the oxygen scavenging
activity of reactive species from the lipid bilayer of
cells in the PFC. CPZ further compromised the
integrity of the Nissl profile of the pyramidal cell as
we observed chromatolysis in these cells.

Treating the animals with Moringa oleifera leaf extract
significantly reversed the pathological alteration
induced by CPZ. Moringa oleifera was able to
normalize the level of SOD in the PFC of the
experimental animals thereby ameliorating the rate of
lipid peroxidation. This, Moringa oleifera was able to
do this either by acting as an antioxidant in its own
capacity or initiating a cascade of chemical events
that will ultimately result in the generation of more
SOD. The leaves of Moringa oleifera are rich in
flavonoids which are phenolic substances with
antioxidant properties exerted by scavenging or
quenching free radicals, chelating metal ions, or
inhibiting enzymatic systems responsible for free
radical generation (Sharida et al. 2012). We have
recently reported that MO has neuroprotective
properties both in the frontal cortex and cerebellum
(Gbadamosi et al. 2016; Omotoso et al. 2017).

CONCLUSION

Owing to CPZ-induced oxidative stress, weight loss,
microarchitectural distortion and chromatolysis of
PFC, Moringa oleifera can, as an economical thera-
peutic agent, reverse the detrimental effect of CPZ by
scavenging reactive species or inhibiting free radical
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generation. Moringa oleifera therefore has a potential
use in the development of efficacious therapy in
multiple sclerosis management.
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