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Abstract

BACKGROUND AND AIM: Permethrin is a type | pyrethroid commonly used as an insecticide in pest control.
Although it is intended for use in agricultural and textile settings, including residential areas, its extensive use
poses a probable risk of human exposure. This study was conducted to determine the changes in the prefrontal
cortex following permethrin exposure and the possible protective effects of Moringa oleifera oil.
METHODOLOGY: Sixteen young male Wistar rats were randomly selected and divided into four (4) groups (n=4).
Group A (Control group) received a normal rat diet, while Group B received a permethrin diet (0.6% Permethrin)
at the dose of 1000 mg/kg. Group C received a normal diet and was administered 0.5 ml/kg of Moringa oleifera
oil, while Group D received both the permethrin diet and Moringa oleifera oil simultaneously. Animals
underwent behavioural analysis on the final day of treatment. The rats were then anesthetized and sacrificed,
followed by transcardial perfusion with normal saline and 4% paraformaldehyde. The prefrontal cortex was
excised from the brain and processed for tissue histochemistry and biochemical analysis.

RESULTS: Results revealed reduced locomotory and exploratory activities and increase anxiety level in rats, as
well as cytoarchitectural distortion, cell vacuolation, and redox imbalance in the prefrontal cortex.
Administration of Moringa oleifera oil led to significant improvement in neurobehavioral deficits, a
comparatively normal cytoarchitectural profile, and oxidative status caused by permethrin in prefrontal cortex
of male rats.

CONCLUSION: Findings in this study indicated that Moringa oleifera could ameliorate the damage caused by
permethrin in prefrontal cortex of male Wistar rats.
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INTRODUCTION

Permethrin is a synthetic pyrethroid insecticide

derived from natural pyrethrins, however, they
are used in the treatment of certain disease
conditions including scabies and pediculosis
(Sunderkotter et al., 2021). In spite of its
therapeutic advantage, permethrin has toxic
effects on the nervous system. Permethrin like
other pyrethroids is capable of crossing the blood-
brain barrier to exert their toxic effects on the
brain with resultant motor deficits (Omotoso et
al., 2020). A study carried out by Omotoso et al.,
revealed that it affects normal working and spatial
memory in exposed animals with presentation of
anxiogenic properties and dose dependent alteration
in their locomotive drive, indicating alteration in
the normal physiology of key brain regions
involved in processing and execution. Moreover,

permethrin induces neuroinflammation which
has a positive interplay with cognitive decline. It
also mediates oxidative stress by overwhelming
and ultimately compromising intrinsic antioxidant
defense system via increased production of
reactive oxygen species (Omotoso et al., 2020).
There is increasing evidence of its association with
neurological disorders. Recent studies in rats
suggest that the neurotoxicity it causes is the most
devastating al., 2020). Moreover, in the early
stages of development when the signaling
pathways are formed. It has been reported to
increase a-synuclein, decrease striatal dopamine
levels, induce oxidative stress, and inhibit
mitochondrial complex | of the electron transport
chain (Agrawal et al., 2015). All of these changes
in the striatum are the hallmarks of Parkinson’s
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disease. In fact, the Parkinson’s disease model induced by
permethrin is suitable for investigating the initial markers of the
disease which may help to find new ways to manage it
(Mohammadi et al., 2019).

Anti-diabetic (Wang et al., 2022), anti-cancer, anti-inflammatory
(Ma et al., 2020), hypocholesterolemic, hypoglycemic, antioxidant
and neuroprotective activities of Moringa oleifera has been
reported (Ezeamuzie et al., 1996; Gbadamosi et al, 2016). The
essential oil got from Moringa oleifera has been reported to
contain flavonoids such as quercetin and luteolin (Pari et al.,
2007). Quercetin contains phenolic hydroxyl groups with
antioxidant action, and powerfully inhibits the production of both
reactive oxygen and nitrogen species (Omotoso et al, 2018).
Alongside anti-inflammatory properties, Moringa oleifera has
mental health benefits, as exemplified by its anxiolytic and
antidepressant effects (de Siqueira Patriota et al, 2024). Thus, it
finds complementary use, not only in mood disorders but also in
inflammatory diseases like rheumatoid arthritis (Ummah et al,
2023). Moringa oleifera leaf extract improves memory
deterioration and gives significant antioxidants to counteract
oxidative stress in rats (Ganguly et al., 2005). It is recognised as a
nutritional intervention in physiological states like pregnancy and
also in chronic illnesses like HIV (Hadju et al, 2020, Gambo et al,
2021). Therefore, the present study aimed to determine the roles
of Moringa oleifera oil on permethrin — induced toxicity on the
prefrontal cortex of young male Wistar rats through behavioural,
biochemical and histological assessments.

MATERIALS AND METHODS

Animal Care and Use

The study was approved by the University Ethical Review
Committee, University of llorin, Nigeria, and the protocols and
treatment procedures were carried out according to the
guidelines. Sixteen (16) adult male Wistar rats (85g to 110g)
gotten from a private property in Ogbomosho, Oyo State and
housed in the Animal Facility of the Faculty of Basic Medical
Sciences, University of llorin. They were allowed to acclimatize
period of one week before the commencement of the treatments.
During the acclimatization period, the rats were fed with normal
rat chow with access to water ad libitium and housed in well-
ventilated cages in the University of llorin, College of Health
Sciences’ Animal House at room temperature.

The Normal rat’s chow prepared from cereals grain, vegetable oil,
premix (vitamins and minerals) essential amino acids and others
was obtained from OgoOluwa Feeds and Flour Mill Limited, Sango
llorin, Kwara State, Nigeria.

Experimental Design

Rambo insect powder used in this study was produced by Gongoni
Co. Ltd, Kano, Nigeria and it contained 0.6% Permethrin and 99.4%
inert carriers. Rats were separated into four (4) groups (A, B, Cand

D). Each group contained four (4) rats. Group A (Control group)
was fed with normal rat diet while Group B was fed with Rambo
powder insecticide at the dose of 1000 mg/kg of rat chow. Group
C was given normal diet and administered 0.5 ml/kg body weight
of Moringa oleifera oil, while Group D was treated with
permethrin diet (1000 mg/kg) and Moringa oleifera oil
simultaneously. These treatments continued for a period of two
weeks. Administration of permethrin was carried out according to
Omotoso et al., 2020.

Behavioural assessment

Open field test assessment

The open field test is designed to evaluate exploratory behavior,
anxiety levels, and locomotor activity in a controlled environment.
The behavioral parameters assessed were the number of lines
crossed, center square entry and rearing frequency. The
dimension for the open field test box was 100 cm x 100 cm x 50
cm with square grids on the floor measuring 25 cm in length. A
center square of the same length was also drawn. The young male
rats were randomly picked by their tails and dropped in the center
square at the beginning of the assessment. The animals were
allowed to explore for five minutes during this time. The number
of lines crossed was the frequency with which the rats crossed one
of the grid lines with all four paws; the center square entry was
the frequency with which the rats entered the center square with
all four paws and the central square duration was the amount of
time spent within the center square. While the rearing frequency
was the number of times the young rats stood on their hind limbs.
The box was clean properly off feaces and urine that might have
been deposited by the previous animals.

The light and dark box test

The light and dark box test is a behavioral tool that plays an
important role in assessing anxiety. It is made up of wood which
measures 75 cm x 30 cm x 30 cm and was divided into a light and
dark chamber which measured 50 cm long 25 cm long
respectively. As the name implies, the light chamber was
illuminated with natural white light while the dark chamber was
not illuminated. There was a link between both chambers through
which the rats could move freely from one chamber to the other.
Rats were placed to face the dark chamber in the center of the
light chamber and were allowed an exploration time of 10
minutes. Both chambers were cleaned properly off feaces and
urine that might have been deposited by the previous animals.

Y-maze test

The Y-maze model is designed to evaluate spatial working
memory. It had an angle of 120 degrees, with arms measuring
75cm and 15 cm in length and breadth respectively. Animals were
placed at the junction where the three arms meet and are allowed
to move freely for 5 minutes. They were assessed based on
exploratory activities and frequency of entry of arms they have
not visited earlier. The manner of alternation was recorded while
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the percentage correct alternation of each rat was assessed as a
ratio of the correct alternation to the total alternation multiplied
by 100.

Elevated plus maze
The elevated plus maze test was used to measure anxiety in
experimental rats.

Weight changes

The initial weights were taken with a weighing scale prior to
treatments while the final weights were recorded at the end of
treatment before the animals were sacrificed.

Biochemical studies

Assay for superoxide dismutase levels were carried out in
cerebellar homogenates using spectrophotometric techniques.
The tissue was placed in 0.25 M sucrose solution and
homogenized. Tissue homogenate was collected in a 5 ml serum
bottle and centrifuged at 3000 rpm for 15 minutes using a
centrifuge (Model 90-1; Jiangsu Jinyi Instrument Tech, Jiangsu,
China). The supernatant was collected with Pasteur pipettes and
placed in a freezer at -4 °C, and thereafter assayed. Biochemical
assay was carried out as described by Sun and Zigma (1978) for
superoxide dismutase.

Tissue processing

After the termination of treatment, the rats were anesthetized
intramuscularly with 0.5 ml/kg-ketamine and transcardially
perfused first with normal saline then with 4% paraformaldehyde.
The cerebellum was excised from the fixed brain and dehydrated
in ascending grades of alcohol (50%, 70%, 90% and 100%). Tissues
were then cleared in xylene for 2 times 15 minutes each.
Infiltration and embedding were done with paraffin wax in Leica
hot air oven at 56°C. Tissue sections were obtained serially using
a rotary microtome (Leica RM2245) and then mounted on glass
slides. Sections were taken at 5 um for histology (Omotoso et al.,
2020). The prefrontal cortex was processed for Hematoxylin and
Eosin (H&E) staining according to Pearse (1975) and Fischer et al.
(2005) to demonstrate the general cytoarchitecture of the
prefrontal cortex, while the cresyl fast violet staining technique
was adopted to demonstrate the integrity of the Nissl bodies.

Data analysis

Quantitative data was obtained from SPSS (version 20) software
and presented using GraphPad® (version 6). The outcomes were
compared using one way analysis of variance (ANOVA) followed
by Tukey's multiple comparisons test. Significance was set at
p<0.05 (95% confidence interval). The results were represented in
bar charts with error bars to show the mean and standard error of
mean respectively.

RESULTS

Roles of Moringa oleifera on body weight changes of young Wistar
rats exposed to permethrin

In this study the difference between the initial and final weights
of the experimental animals were estimated to assess change in
body weight, after the termination of experiment. It was observed
that there was a slight decrease in the body weight of the control
group animals when compared to the permethrin group (Figure 1)
with no significant statistical difference while the weight observed
in the moringa group was higher than the permethrin and
permethrin + Moringa group. In the final weight analysis, there
was similar weight increase between the control and the Moringa
group and close weight gain seen between the permethrin and
permethrin + Moringa group with no statistical significance.
However, significant statistical difference (p<0.05). was observed
in the weight difference between the control and Moringa and
permethrin + Moringa- treated groups respectively.

150+
ma Control
= Permethnn
S 100+ [ = Monnga
% B Permethrin+Moringa
5 50
0

Initial weight Final weight Weight diff,

Figure 1. A bar chart showing the initial weight, final weight and
weight differences of the rats. The p value < 0.05 was considered
to be significant and a confidence interval of 95 % was used.

Moringa oleifera mitigates permethrin-induced memory decline

Figure 2a showed the Open field test model which was used to
measure exploratory activity and anxiety in experimental rats
used in this study. The number of line crossed of the open field
test was statistically significantly lower (p<0.05) in the permethrin
group when compared to the control. Although, the permethrin +
Moringa group was higher compared to the permethrin only
group, it was not statistically significant. This elevation deduced
an increase in exploratory activity. The rearing frequency of the
open field test as seen in figure 2b was highest in the control group
and lowest in the permethrin group. There was a decrease in the
permethrin only group when compared to the control group
however, it was not statistical significant. A slight increase was
observed in the Moringa + permethrin group compared with the
permethrin only group. No statistical significance was recorded
between the group. There was an increase in the anxiety level of
animals in permethrin only group when compared to control,
however this observation was not statistically significant. The
center square entry of the open field test was accessed in figure
2c and it was observed that this change was lowest in the
permethrin group when compared to the control. No statistical
significance was recorded. Center square entry was found to be
higher in the Moringa + permethrin group compared to the
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permethrin group; no significant statistical difference was seen.
This revealed the ability of Moringa to increase the exploratory
activity of animals, although this was not statistically significant.

Figure 2d showed results for the Y-maze test which was used to
measure short term memory in the experimental rats used in this
study. Permethrin reduced the percentage correct alternation
relative to the control group however, this decrease was not
statistically significant. The percentage correct alternation of the
Y-maze test was higher in the Moringa + permethrin group
compared to the permethrin only group. This observation was not
statistically significant, although it showed an increase in short
term memory in moringa + permethrin group compared to
permethrin only group.

Figure 3a shows graphical representation of the elevated plus
maze test used to measure anxiety in the experimental rats in this
study. The number of closed arm entry and duration in the
permethrin only group was higher compared to control group,
however there was no significant statistical difference between
them. This activity was decreased in the moringa + permethrin
group compared to permethrin only group. This showed reduced
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anxiety level in animals administered moringa + permethrin
however, the decrease was not statistically significant.

The light and dark box test outcome as represented in figure 3b
and 3c was used to measure anxiety in the experimental rats used
in this study. The number of light box entry and duration in the
permethrin only group was lower compared to the control group.
However, this activity was found to be reduced in the Moringa +
treatment group when compared to the permethrin only group.
This also shows reduced anxiety level in animals administered
moringa + permethrin when compared to the permethrin only
group. The reduction was not statistically significant.

Figure 3d shows a graphical representation of the closed arm
duration used to measure anxiety in the experimental rats. The
duration of time spent by the permethrin group in the closed arm
was longer compared to the control, however there was no
significant statistical difference between them. This activity was
slightly decreased in the moringa + permethrin group compared
to permethrin only group. The outcome showed reduced anxiety
level in animals administered moringa + permethrin however, the
decrease was not statistically significant.
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Figure 2: Behaviour (locomotion, exploratory and memory). CTL= Control group, PERM = Permethrin group, MOR = Moringa,
MOR+PERM = Moringa and permethrin. In figure a, number of lines crossed in the Moringa only group is significantly lower compared
to the control group and also Moringa + Permethrin group, in figure b, c the rearing frequency and center square entry is lower in
permethrin group compared to other group. In figure d, the percentage correct alternation is lower in permethrin group compared to

other groups.
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Figure 3: Behaviour (anxiety). CTL= Control group, PERM = Permethrin group, MOR = Moringa, MOR+PERM = Moringa and permethrin.
In figure b, c, the number of light box entry and duration is lower in permethrin group compared to Nigella sativa + permethrin group.
In figure a, d, the closed arm entry and duration is higher the permethrin group compared to Nigella sativa + permethrin group.
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Moringa oleifera counterbalances Permethrin-induced oxidative
stress

150001

Superoxide dismutase activity

There was a reduced level of superoxide dismutase (SOD) enzyme
in the prefrontal cortex of the permethrin group when compared
10000 to the control group. However, a combination of Moringa +
permethrin led to an increase in this enzyme when compared to
the permethrin only group. There was no statistically significant
difference across the groups.

SOD/mg
1 R

5000+ Histological and histochemical observations

The general histomorphology of the prefrontal cortex was
demonstrated to reveal the layers; molecular layer (L1), external
granular and pyramidal layers (L2 & L3) and internal granular and
0 I pyramidal layers (L4 & L5). The pyramidal layer was presented at
<& @ x400. In the Haematoxylin and Eosin stain, there appear to be no
O <& changes across all groups. However, in the Nissl profile
demonstration by cresyl fast violet stain, there appeared to be
OQ~ minimal staining intensity in the prefrontal cortex of permethrin

@ only group when compared with the control group. There was an

improvement in the staining intensity of Nissl granules in the

Figure 4: Activities of superoxide dismutase (SOD) in the prefrontal moringa + permethrin group as they appear more deeply stained

cortex of rats. There was a decrease in SOD activities in rats  \yhen compared to Nissl granules in the prefrontal cortex of the
administered  with  permethrin  compared  to  rats  permethrin only group.

Permethrin+Moringa group.
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Figure 5: Representative photomicrograph of cytoarchitecture and Nissl profile of the pre-frontal cortex of experimental animals. The
prefrontal cortex displays pyramidal layers with typical cellularity and characteristics histoarchitecture across all groups. The control
group presented with typical Nissl staining intensity when compared to the permethrin group. The cells of the Moringa + permethrin
group appeared deeply stained compared to the permethrin only group. However, vacuolation of cells were observed in the Moringa +

permethrin group when compared to those seen in the permethrin group.
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DISCUSSION

The widespread use of permethrin pesticides domestically and
industrially is alarming. The tendency for humans to come in
contact with permethrin increases with time. This poses a major
threat to public health as many studies have revealed its health
hazards ranging from lymphocyte toxicity to teratogenesis.
Though few studies have been done to reveal it neurotoxic
potential, a study conducted by Omotoso et al. (2020)
characterized some neurotoxic effects of permethrin. In this
study, the effect of permethrin on body weight changes,
neurobehaviour, histomorphology of the prefrontal cortex,
oxidative stress, neuroinflammation was characterized and
Moringa oleifera oil extract was used as a ameliorative
intervention on permethrin- induced neurotoxicity.

Oxidative stress is considered to be a key mechanism in pesticide
toxicity (Mohammadi et al, 2019). It is a phenomenon
characterized by an imbalance between production and
accumulation of oxygen reactive species (ROS) in cells and tissues
and the ability of a biological system to detoxify these reactive
products (Pizzino et al., 2017). This reactive products (Reactive
Oxygen Species (ROS) including Superoxide radicals, hydrogen
peroxide, hydroxyl radicals, and singlet oxygen), are normally
generated as by-products of oxygen metabolism, but
environmental stressors such as pollutants like pesticides
contribute to greatly increase their (ROS) production. The
imbalance that results from this usually leads to cascades of
events that results in cell injury and death (Pizzino et al., 2017).

Rats exposed to permethrin showed increase in the production of
ROS. This is because permethrin lowered the activity of SOD
leading to the accumulation of ROS in the brain. This correlates
with the observation made by omotoso et al., (2020). Since cells
deploy antioxidant defensive system based on enzymatic
components with SOD at the front line, to protect themselves
from ROS-induced cellular damage (Pizzino et al., 2017),
accumulation of the ROS causes a breach in this defence system
resulting into serious neurological injuries evident in
neurodegenrative diseases such as Parkinsonism, Alzheimer’s
disease (AD), amyotrophic lateral llsclerosis (ALS), multiple
sclerosis, depression, and memory loss (Pizzino et al., 2017). In
Alzheimer’s disease, several experimental and clinical researches
showed that oxidative damage plays a crucial role in loss of
neurons and progression to dementia (Pizzino et al., 2017). B-
amyloid, a toxic peptide often found present in AD patients’ brain,
is produced by free radical action and it is known to be at least in
part responsible for neurodegeneration observed during AD onset
and progression (Pizzino et al., 2017).

It was shown in this study that Moringa oleifera significantly
restored the activity of SOD in the frontal cortex, after exposure
to permethrin. This correlates with the observation made by
Omotoso et al. (2018). Moringa oleifera treatment restored the

level of SOD two proposed mechanism. Firstly, Moringa
oleifera casuses a series of chemical reaction that helped in
increasing the intrinsically produced superoxide thereby
strengthening the antioxidant system to cater for the exacerbated
ROS and nitrogen species. Secondly, it behaves as an antioxidant
on its own, thereby supporting the intrinsic antioxidant system to
mop up the excessively generated reactive species.
Phytochemicals present in Moringa oleifera that give it its
antioxidant potential include quercetin and luteoline (Gbadamosi
etal., 2016).

As earlier said, disruption in the biochemical processes involved in
protection against oxidative stress can lead to alteration in cell
morphology (cell injury) and death within the organ of concern
(Pizzino et al., 2017). In this current study, Permethrin exposed
experimental animals showed some dysmorphology in the
histoarchitectural outline and morphology of cells of the
prefrontal cortex including degenerative chromatolysis and
karyolysis. This finding correlated with the observations made by
omotoso et al, (2020). The principal function of PFC is to plan and
execute behaviors. PFC collects information from cortex and
subcortical structures, and arranges and controls this information;
decides and executes the behavior (Akkoc & Ogeturk, 2017).

The neuronal cells of the PFC especially the pyramidal neurons,
play a primary role in the execution of these functions. Pyramidal
cells are the most common neuron in the cerebral cortex. They
are the major source of intrinsic excitatory cortical synapses, and
their dendritic spines are the main postsynaptic target of
excitatory synapses. Moreover, they form most intra-areal
projections and nearly all interareal projections, therefore are
considered the principal neuronal building blocks of the cerebral
cortex (Elton et al., 2011). Sequel to the aforementioned,
structural damages and death of pyramidal cells occasioned by
exposure to permethrin can result to the loss of important
functions of the PFC. Stellate cells of the PFC, also play an
important role in the execution of prefrontocortical functions.
They function as interneurons (Alexander & Hasselmo, 2018),
helping in the relay of cognitive impulses within the PFC. Loss and
damages to this cell type within the PFC can result into reduction
or loss of cognitive functions.

Moringa however ameliorated the distortions caused by
permethrin. A study conducted by omotoso et al. (2018), reveal
that mornings oleifera restored normal histoarchitecture of
perturbed brain region. Owolabi and Ogunnaike (2014), also
reported from their research the potential of Moringa oleifera as
therapeutic intervention with no side effect on cerebral tissue
morphology. This effect of Moringa oleifera is as a result of its
richness in phytochemicals (phenols, flavinoids, quercetin etc.)
with anti-oxidative activity. Oxidative stress is one of the main
causes of alteration of histoarchitecture in the brain.
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In furtherance, there is a connection between oxidative stress and
cognitive decline (Liu et al., 2002; Omotoso et al, 2020).
Compromise of the microscopic integrity of the PFC, brought
about by permethrin-induced oxidative stress could be the
underying cause of perturbation in certain neurobehaviour.
Permethrin altered the normal working memory of exposed
animals. These animals had low percentage alternation in Y maze
test (Omotoso et al, 2020). Locomotory activities of the
permethrin-treated animals were not significantly altered,
however, animals exposed permethrin had low locomotory index
in the open field test. All these altered behavioral display indicated
that the key brain regions involved in processing and execution
may have been compromised neurochemically or structurally,
with affectations on their normal function (Omotoso et al., 2020).
There is a striking evidence that permethrin induces
neuroinflammation in brain areas involved in memory processing,
formation and consolidation (Omotoso et al., 2020).

Conclusively, Moringa oleifera showed remarkable ameliorative
effect on oxidative stress, neurohistochemical alterations and
neurobehavioural deficit associated with exposure to permethrin
in rat prefrontal cortex.
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