Niger. J. Physiol. Sci. 33(June 2018) 095-099 Niger. ). Physiol. Sci.
WWW.Njps.com.ng ’ )

Moringa oleifera Ameliorates Histomorphological Changes
Associated with Cuprizone Neurotoxicity in the Hippocampal
Cornu ammonis (CA) 3 Region
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Summary: Cuprizone-induced neurotoxicity has severally been used to study demyelinating diseases like multiple sclerosis
(MS), adversely affecting both the white and grey matters of the brain. Lesions have been observed in different regions of
the brain including, corpus callosum, neocortex and the hippocampal formation. The current study explored the role of
Moringa oleifera leaf extract in restoring the resultant histomorphological changes in cuprizone-induced hippocampal
damage in Wistar rats. Twenty adult female Wistar rats with average weight of 163.74 + 3.59 g were grouped into A: Control,
administered with 1 ml of normal saline, B: received 0.4% cuprizone diet, C: received 1.875 mg/ml/day of Moringa extract,
and D: received a combination of cuprizone and Moringa in similar doses. Administration was oral for 5 weeks. The weights
of animals were assessed during treatment, and at the termination of experiment, the rats were euthanized and the brains
were fixed in 4% paraformaldehyde. The tissue was processed for histological and histochemical examinations using the
Haematoxylin and Eosin stain and cresyl fast violet stain to assess the general microarchitecture and neuronal cells
respectively of hippocampal cornu ammonis (CA) 3 region. The body weight of cuprizone-treated rats was reduced and this
was ameliorated significantly in animals that were co-administered with Moringa. Similarly, there were histological
alterations in the CA3 region of the hippocampus with the presence of pyknotic pyramidal cells organized in clusters and
CA3 cells with degenerative changes, but administration of Moringa led to a better organised and fairly intact histological
appearance. Pharmaceutical development of Moringa oleifera into appropriate therapeutic formulations could offer some
relief to patients of demyelinating conditions that have clinical features of neurological deficits.
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INTRODUCTION (Belvindrah et al., 2014). Axonal fibres of CA3
pyramidal cells make excitatory contacts with
neighboring excitatory and inhibitory neurons
(Cherubini and Miles, 2015). Any injury therefore to
this area of the hippocampus, though targeted at the
myelin sheath, could affect the neuronal cells,
especially pyramidal cells of the hippocampus, whose
axons are myelinated by oligodendrocytes, with a
resultant overall impairment in the function of the
structure.

The cellular processes that occur during
oligodendroglial damage involve other glial cells, such
as microglia and astrocytes, which act as part of brain
defense mechanism against the ongoing cellular injury
occasioned by cuprizone cytotoxicity (Remington et
al., 2007; Hibbits et al., 2012). Furthermore, evidence
has emerged of damage to neuronal cells as well. A
study by Hoffmann et al. (2008) demonstrated
extensive neuronal degeneration in the hippocampus
of cuprizone-treated mice. In addition, significant
axonal loss has also been documented (Irvine and

Cuprizone intoxication has been used over time to
study experimental demyelination and remyelination
in the central nervous system (CNS) (Keegan et al.,
2006). The copper chelator cuprizone causes a
reproducible demyelination in corpus callosum within
weeks of administration  with  spontaneous
remyelination occurring after withdrawal
(Matsushima et al., 2001).

The primary target of cuprizone toxicity is
oligodendrocytes and various studies have
demonstrated demyelination of hippocampal cortex in
cuprizone model (Koutsoudaki et al., 2009; Kipp et
al., 2011; Sun et al., 2016), with specific consequences
on the behaviours and functions of the animal. The
CA3 region of the hippocampus has more abundant
internal connectivity compared with other regions of
the hippocampus, and plays specific role in memory
processes, susceptibility to seizures and neuro-
degeneration (Cherubini and Miles, 2015). It is
vulnerable to stress and seizure-induced damage
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Blakemore, 2008). According to Praet et al. (2014),
most neurons are likely to survive acute cuprizone
toxicity, but are however, more vulnerable to
metabolic disturbance compared to oligodendrocytes
(Praet et al., 2014).

The hippocampus is located in the medial temporal
lobe. Its function is implicated in the processes of
learning and memory,and is one of the structures of the
CNS indispensable to long-term episodic memory
(Bird and Burgess, 2008). Lesions in the hippocampus
are associated with cognitive defects as seen in large
proportions of multiple sclerosis patients (Rao et al.,
1991). Despite the high functional impact, the
knowledge about effective strategies for managing MS
remains very low (Amato et al., 2006).

Traditionally, Moringa oleifera is used in many
disease conditions throughout the world (mainly in
Thai) (Rastogi et al., 2009). Many of its functions have

been proven scientifically and these include
antihypertensive, analgesic, anti-cancer, CNS
depressant, antibiotics, anti-inflammatory, and

antiepileptic properties (Faizi et al., 1994; Gupta and
Mazumder, 1999). With a possibility of hippocampal
damage following cuprizone intoxication, the current
study explored the cytoprotective, anti-inflammatory,
and anti-oxidative properties of Moringa oleifera leaf
extract in restoring the resultant histomorphological
changes in neuronal cells of the hippocampus.

MATERIALS AND METHODS

Twenty adult female rats were obtained and housed in
the Animal Facility of the Faculty of Basic Medical
Sciences, University of llorin. The animals were
acclimatized for two weeks.

Experimental Design

The animals were fed on standard rat feeds (except
those that received cuprizone diet) and water ad
libitum. They were divided into four groups. Group A
(control): were given 1 ml of normal saline daily;
Group B (Cuprizone group): were given 0.4%
cuprizone diet; Group C (Moringa group): received
1.875 mg/ml Moringa leaf extract; while Group D
(cuprizone +Moringa): received simultaneously 0.4%
cuprizone and 1.875 mg/ml Moringa (Omotoso et al.,
2018).

Animal Treatment

Cuprizone (bis-cyclohexanone oxaldihydrazone) was
procured from Sigma-Aldrich Inc, Germany. It was
prepared as 0.4% cuprizone mixed with standard
rodent chow. For all treatment, route of administration
was oral. The weights of the rats were taken twice a
week. Moringa oleifera leaves were obtained and
authenticated at the Department of Plant Biology,
University of llorin. The ethanolic extract of the plant
was carried out using the silica gel open column
method at the Department of Chemistry, University of

llorin, Nigeria. Out of all the fractionations obtained
during the fractionation process, the MoFs fraction had
the highest yield quantitatively; this formed the basis
of its use in this study.

Termination of experiment

At the termination of experiment at the end of 5 weeks
of administration, the rats were euthanised. The head
was removed from the rest of the body and the cranium
was dissected to remove the brain, which was weighed
and fixed in 4% paraformaldehyde solution. The
tissues were dehydrated through grades of alcohol,
cleared with xylene, infiltrated and embedded in
paraffin and coronal sections of the cortex at 5 g were
obtained using rotary microtome. Tissue processing
for histology and histochemistry was by the use of
Haematoxylin and Eosin (for general architecture of
the hippocampus) and cresyl fast violet stains (for
demonstration of pyramidal neurons and Nissl bodies)
respectively. The mounted sections were viewed with
the aid of a light microscope.

Statistical analysis

The weights of the animals were analyzed using one-
way analysis of variance (ANOVA). A Tukey post hoc
test was used for group comparison when appropriate
and a p value less than 0.05 was considered statistically
significant.

RESULTS

Physical observation

The cuprizone group showed a decrease in body
weight compared to control. A significant increase in
body weight was observed in rats fed with Moringa.
The rats in CPZ+MO group recorded a weight higher
than CPZ group (Table 1).

Histological and histochemical observation

The histomorphological presentation of the cornu
ammonis 3 (CA3) region of the hippocampus of rats in
control group showed characteristically large
pyramidal neurons with apical and basal dendrites
projecting out of the large intensively stained soma.
These pyramidal cells were laconically expressed and
properly delineated in the CA3 region of Moringa-
treated control animals (Figures 1 and 2). The
pyramidal cells in the CA3 region of the hippocampus
of rats treated with cuprizone showed pyknotic
pyramidal cells organized in clusters and evidence
suggestive of degeneration, including disintegration of
neuronal cells, distorted cellular outline and irregular
arrangement of cells (Figure 2). The cellular
assortment of the CA3 region of the hippocampus
alongside the polymorphic layer adjoining it on either
side appeared distorted. Comparatively, the cellular
assortment of pyramidal cells in the CA3 region of the
rats that received a combined treatment of cuprizone
and Moringa oleifera showed a better assortment and
properly delineated cytoarchitectural manifestation

Moringa oleifera ameliorates cuprizone-induced neurotoxicity 96



Niger. J. Physiol. Sci. 33 (2018): Omotoso et al

Table 1: Mean and standard error of initial weight, final weight and weight differences of experimental animals

Group Final Weight (g) Initial Weight (g) Weight Difference (g)
Group A: Control 188.00 +1.73 157.23+ 1.65 30.77+ 4.22

Group B: 0.4% CPZ 161.21+ 2.41 168.93+ 1.84 -1.72+ 6.13*

Group C: 1.875 mg/ml 183.31 +1.89 163.58 +2.08 19.73+ 6.44**
Moringa

Group D: (CPZ+Moringa) 177.58 +2.41 165.68+ 1.97 119 £7.95*

* and ** significant differences at p<0.05 relative to control and cuprizone groups respectively. CPZ=cuprizone.

Figure 1: Representative photomicrograph of the cornu
ammonis (CA3) region of the hippocampus of Wistar rats
(H&E stain; Scale bar = 25p).

Figure 2: Representative photomicrograph of the cornu
ammonis (CA3) region of the hippocampus of Wistar rats
showing well demonstrated pyramidal cells in the Control,
(CPZ) but marked architectural breakdown in the CPZ
group (cresyl fast violet stain; Scale bar = 25u)). CTR =
control, CPZ = cuprizone, MO = Moringa oleifera,
CPZ+MO = cuprizone plus Moringa oleifera.
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when compared to that of the cuprizone-treated
animals.

Histochemical demonstration of the cornu ammonis
also showed well-preserved pyramidal neurons in the
control group which were equally positive for Nissl
bodies. The cornu ammonis of animals exposed to
cuprizone diet had less positivity for Nissl staining,
which was ameliorated following the use of Moringa
oleifera (Figure 2).

DISCUSSION

Cuprizone administration is usually associated with
weight loss (Franco-Pons et al., 2007; Hoffman et al.
2008; Benetti et al., 2010). However, according to the
study by Benetti et al. (2010), mice fed on cuprizone
diet lost weight up till the 5™ week of exposure, but
there was weight gain after this period. Similarly, in
the current study, a reasonable level of weight loss was
observed in the rats exposed to cuprizone (however,
this study did not exceed 5 weeks). When co-
administered with cuprizone, Moringa led to an
appreciable weight gain, though not as high as the
weight of rats treated with Moringa only.

Moringa oleifera has nutritional benefits and can
support growth, as proteins are the most abundant
nutrients in the leaf of Moringa (Brilhante et al., 2017).
Although the weight increase in the current study was
not up to that of the control, weight increase associated
with Moringa oleifera leaf extract was able to
ameliorate the weight loss associated with cuprizone
diet.

In the current work, the micro-architecture of the
cornu ammonis 3 of the hippocampus suffered some
degree of distortion and disintegration in animals that
received cuprizone diet, with the evidence of distorted
cellular arrangement and degenerated cellular
structures. Nissl bodies are rough endoplasmic
reticulum present in the soma of neurons and are the
site for neuronal protein synthesis (Fedorenko and
Uzdensky, 2010). Cuprizone treatment in the current
study led to depletion in Nissl bodies store, as revealed
by the poor Nissl staining. However, co-administration
of Moringa with cuprizone resulted in a more positive
Nissl staining. This structural observation is
corroborated by the work of Praet et al. (2014), where
cuprizone treatment caused adenosine triphosphate
(ATP) shortage and oxidative stress which led to the
disruption of the proper functioning of the

97



Niger. J. Physiol. Sci. 33 (2018): Omotoso et al

endoplasmic reticulum, with a consequent impairment
in protein synthesis.

This study further underscores the cytoprotective
role of Moringa oleifera, as previously documented, in
preserving the cellular architecture against toxic
insults (Gupta and Mazumder, 1999; Rastogi et al.,
2009).

Aside having a toxic effect on oligodendrocytes, our
work revealed that cuprizone alters the morphology
and integrity of pyramidal neurons of the
hippocampus. However, co-administration  with
Moringa brought about a better cellular assortment and
properly  delineated  cytoarchitecture of the
hippocampal CA3 region. This intervention with
Moringa oleifera leaf extract could help preserve the
integrity of the hippocampus and the axonal internal
connectivity vital for restoring and maintaining the
neuronal functions of the hippocampus in individuals
suffering from dymyelinating conditions of the central
nervous system.

REFERENCES

Amato MP, Portaccio E, Zipoli V. (2006): Are there
protective treatments for cognitive decline in MS? J
Neurol Sci .245:183-186.

Belvindrah R, Nosten-Bertrand M, Francis F. (2014):
Neuronal migration and its disorders affecting the
CA3 region. Front Cell Neurosci. 8:63.
10.3389/fncel.2014.00063.

Benetti F, Ventura M, Salmini B, Ceola S, Carbonera
D, Mammi S, et al. (2010): Cuprizone neurotoxicity,
copper  deficiency and  neurodegeneration.
Neurotoxicity 31: 509-17

Bird CM, Burgess N (2008): The hippocampus and
memory: insights from spatial processing. Nat Rev
Neurosci. 9:182-194.

Brilhante RSN, Sales JA, Pereira VS, Castelo-Branco
DSC, Cordeiro RA, Sampaio CMS (2017):
Research advances on the multiple uses of Moringa
oleifera: A sustainable alternative for socially
neglected population. Asian Pacific Journal of
Tropical Medicine 10(7): 621-630

Cherubini E, Miles R (2015): The CA3 region of the
hippocampus: how is it? What is it for? How does it
do it? Front  Cell Neurosci. 9:19.
doi: 10.3389/fncel.2015.00019.

Faizi S, Siddiqui BS, Saleem R, Siddiqui S, Aftab K,
Gilani AH (1994): Novel hypotensive agents,
niazimin A, niazimin B, niazicin A and niazicin B
from Moringa oleifera: isolation of first naturally
occurring carbamates. Journal of the Chemical
Society, Perkin Transactions 1 Issue 20: 3035-3040.
Doi: 10.1039/P19940003035

Fedorenko GM, Uzdensky AB (2010): Nissl substance
and cellular structures involved in the intraneuronal
and neuroglial transport in the crayfish stretch
receptor.  Microscopy: Science, Technology,
Applications and Education 2010:299-306.

Moringa oleifera ameliorates cuprizone-induced neurotoxicity

Franco-Pons N, Torrente M, Colomina MT, Vilella E
(2007): Behavioral deficits in the cuprizone-induced
murine model of demyelination/remyelination.
Toxicol Lett 169:205-213.

Gupta M, Mazumder UK (1999): CNS activities of
methanolic extract of Moringa oleifera root in mice.
Fitoterapia 70(3): 244-250.

Hibbits N, Yoshino J, Le TQ, Armstrong RC (2012):
Astrogliosis during acute and chronic cuprizone
demyelination and implications for remyelination.
ASN Neuro, 4:393-408.

Hoffmann K, Lindner M, Groticke I, Stangel M,

Loscher W (2008). Epileptic seizures and
hippocampal damage after cuprizone-induced
demyelination in C57BL/6 mice. Exp Neurol
210:308-321.

Irvine KA, Blakemore WF (2008): Remyelination
protects axons from demyelination-associated axon
degeneration. Brain 131:1464-1477.

Keegan M, Konig F, McClelland R, Bruck W, Morales
Y, Bitsch A. et al. (2005): Relation between humoral
pathological changes in multiple sclerosis and
response to therapeutic plasma exchange. Lancet
366:579-582.

Kipp M, Norkus A, Krauspe B, Clarner T, Berger K,
van der Valk P. et al (2011). The hippocampal
fimbria of cuprizone-treated animals as a structure
for studying neuroprotection in multiple sclerosis.
Inflamm Res. 60(8):723-726.

Koutsoudaki PN, Skripuletz T, Gudi V, Moharregh-
Khiabani D, Hildebrandt H, Trebst C et al. (2009).
Demyelination of the hippocampus is prominent in
the cuprizone model. Neuroscience Letters 451(1):
83-8

Matsushima GK, Morell P (2001): The neurotoxicant,
cuprizone, as a model to study demyelination and
remyelination in the central nervous system: Brain
Pathology 11:107-116.

Omotoso, G.O., Kadir, R.E., Lewu, S.F., Gbadamori,
I.T., Akinlolu, A.A., Adunmo, G.O., Kolo, R.M.,
Lawal, M.O., Ameen, M.O. (2018): Moringa
oleifera ameliorates cuprizone-induced cerebellar
damage in adult female rats. Research Journal of
Health Sciences 6(1):13-25.

Praet J, Guglielmetti C, Berneman Z, Linden AV,
Ponsaerts P (2014): Cellular and molecular
neuropathology of the cuprizone mouse model:
Clinical relevance for multiple sclerosis.
Neuroscience and Biobehavioral Reviews 47: 485-
505.

Rao SM, Leo GJ, Bernardin L, Unverzagt F. (1991):
Cognitive dysfunction in  multiple sclerosis.
Frequency, pattern, predictions. Neurology 41:685-
691.

Rastogi T, Bhutda V, Moon K, Aswar KB, Khadabadi
SS (2009): Comparative studies on anthelmintic
activity of Moringa oleifera and Vitex Negundo.
Asian J. Res. Chem. 2:181-182.

98


https://www.ncbi.nlm.nih.gov/pubmed/24624057/
https://www.ncbi.nlm.nih.gov/pubmed/24624057/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benetti%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20685220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ventura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20685220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salmini%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20685220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ceola%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20685220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carbonera%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20685220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carbonera%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20685220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mammi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20685220
https://www.sciencedirect.com/science/article/pii/S1995764516307143#!
https://www.sciencedirect.com/science/article/pii/S1995764516307143#!
https://www.sciencedirect.com/science/article/pii/S1995764516307143#!
https://www.sciencedirect.com/science/article/pii/S1995764516307143#!
https://www.sciencedirect.com/science/article/pii/S1995764516307143#!
https://www.sciencedirect.com/science/article/pii/S1995764516307143#!
https://www.sciencedirect.com/science/journal/19957645
https://www.sciencedirect.com/science/journal/19957645
https://www.sciencedirect.com/science/journal/19957645/10/7
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cherubini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25698930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miles%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25698930
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318343/
https://dx.doi.org/10.3389%2Ffncel.2015.00019
http://pubmedcentralcanada.ca/pmcc/solr?term=author:(M.%20Kipp)
http://pubmedcentralcanada.ca/pmcc/solr?term=author:(A.%20Norkus)
http://pubmedcentralcanada.ca/pmcc/solr?term=author:(B.%20Krauspe)
http://pubmedcentralcanada.ca/pmcc/solr?term=author:(T.%20Clarner)
http://pubmedcentralcanada.ca/pmcc/solr?term=author:(K.%20Berger)
http://pubmedcentralcanada.ca/pmcc/solr?term=author:(P.%20van%20der%20Valk)
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
http://www.sciencedirect.com/science/article/pii/S030439400801656X#!
https://www.sciencedirect.com/science/article/pii/S014976341400253X#!
https://www.sciencedirect.com/science/article/pii/S014976341400253X#!
https://www.sciencedirect.com/science/article/pii/S014976341400253X#!
https://www.sciencedirect.com/science/article/pii/S014976341400253X#!
https://www.sciencedirect.com/science/article/pii/S014976341400253X#!
https://www.sciencedirect.com/science/journal/01497634
https://www.sciencedirect.com/science/journal/01497634/47/supp/C

Niger. J. Physiol. Sci. 33 (2018): Omotoso et al

Remington LT, Babcock AA, Zehntner SP, Owens T injury induces axonal transport impairment but not
(2007): Microglial recruitment, activation, and AD-like pathology in the hippocampus of
proliferation in response to primary demyelination. cuprizone-fed mice. Oncotarget. 7(21): 30003-
Am. J. Pathol., 170: 1713-1724. 30017.

SunJ, Zhou H, Bai F, Ren Q, Zhang Z (2016). Myelin

Moringa oleifera ameliorates cuprizone-induced neurotoxicity

99


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27129150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27129150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bai%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27129150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ren%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27129150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27129150
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5058659/

