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ABSTRACT

Background:: Herbicides like paraquat (PRQ) are widely used as weed control, predisposing humans to a
variety of altered neurological functions. The integrity of brain regions, including structures of the cortico-
ponto-cerebellar (CPC) pathway, are involved in the homeostasis of motor activities and coordination.
Pharmacological studies have demonstrated the health benefits of Phoenix dactylifera. This study evaluated
the ameliorative effect of P. dactylifera fruits pulp extract against PRQ-triggered CPC changes in Wistar rats
using histological assessments. Materials and Methods: Twenty-five rats were categorized into five groups
(n=5); control was administered 2ml/kg distilled H,O, another group received 11.35mg/kg PRQ, another
received 11.35mg/kg PRQ+10mg/kg L-dopa as reference drug, while two other groups received 11.35mg/kg
PRQ+500mg/kg aqueous fruit extract of P. dactylifera (AFPD) and 11.35mg/kg PRQ+1,000mg/kg AFPD,
respectively for twenty-eight days. Histological examination was conducted using Haematoxylin and Eosin
stains to assess the ameliorative effect of AFPD following PRQ-induced CPC changes. Results: Relative to
the control, sections of the PRQ (11.35mg/kg)-treated group revealed neurodegenerative changes as
cytoarchitectural distortions in CPC structures manifesting as pyknotic nuclei and neuronal necrosis,
chromatolysis, perineuronal vacuolations and satelliotosis, and shrunken Purkinje cells and gliosis. However,
L-dopa (10mg/kg)- and AFPD (500 and 1,000mg/kg) treatments ameliorated PRQ-induced changes by
preserving the CPC cytoarchitecture manifesting as mild distortions to relatively normal cytoarchitecture
when compared to the control. AFPD revealed neuroprotection comparable to the reference drug, L-dopa.
Conclusion: AFPD has potential ameliorative properties against PRQ-induced CPC neurodegenerative
changes in Wistar rats. AFPD neuroprotective properties could be attributed to constituent bioactive
compounds with potent antioxidant activities against oxidative stress-related PRQ neuropathological changes.
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INTRODUCTION

Herbicides are widely used in agricultural
settings, predisposing humans to continuous
exposure resulting in a variety of adverse health
conditions and altered neurological functions
triggered by herbicides toxicity . Environmental
neurotoxicants including paraquat (PRQ) are
commonly used worldwide as weed control *!. It is
a member of the bipyridylium family, a broad
spectrum herbicides . Substantial studies from
animal models braced by clinical-pathological
reports have implicated PRQ as a potential
9 Tts
mechanism of toxicity is via the redox cycle,
generating oxidative stress in the mitochondria of
cells that triggers disruption of significant
biochemical and physiological processes, cell
death, and multiple organ failure . Several studies
have associated PRQ exposure to produce

neurotoxicant following exposure

progressive, permanent, and cumulative
neurotoxicity with risk of clinical conditions
including movement disorders and
neurodegenerative diseases like Parkinson's
diseases .

The brain plays critical role in the functionality and
survival of a biological species. The integrity of
different brain regions involved in the homeostasis
of motor activities and coordination are critical in
the optimal functionality of the biological system.
Important elements of such homeostasis are the
structures of the cortico-ponto-cerebellar pathway
" In the central nervous system (CNS), the
cortico-ponto-cerebellar (CPC) structures are
integral elements of the corticofugal fibre system
forming a great calibre of a group of white matter
(fibres) in the basis pontis. The CPC fibres consist
of two neuronal circuitries: the cortico-pontine
fibres which project to nuclei in the pons and,
ponto-cerebellar fibres which decussate at the
midline projecting to the cerebellum via the middle
cerebellar peduncle. From the cerebral cortex, CPC
pathways are the major input towards the
cerebellum linking several areas in the cerebral
cortex with the cerebellum for movement

Bl Alteration in the

coordination and regulation
basic structures of CPC as a result of exposure to
environmental neurotoxins such as PRQ could
result in functional deficits with clinical
implications.

Phoenix dactylifera (date palm) is a well-known
plant, mostly in areas with an almost desert-like
climate [9]. In traditional medicine, various parts
of P. dactylifera are used in the management and
treatment of diversities of ailments including
neurological conditions. Several pharmacological
studies have demonstrated the potential benefits of
P dactylifera fruits in in vitro and in vivo
assessments """, Recently, several researchers
have demonstrated the benefit of P. dactylifera as a
neuroprotective agent "> There is aneed to assess
the phytotherapeutic potentials of this plant in
environmentally triggered neurotoxicity.

This study histologically assessed the ameliorative
effect of P. dactylifera extract against paraquat
induced changes in cortico-ponto-cerebellar
structures of Wistar rats.

MATERIALS AND METHODS

Plant Material

Dried date palm fruits (‘the yellow medium sized'
variety) were collected in Zaria, Kaduna State,
Nigeria, and given a Voucher Specimen Number:
21104 after identification in the Herbarium Unit,
Botany Department of Faculty of Life Sciences,
Ahmadu Bello University (ABU), Zaria. The
maceration method described by Agbon et al. " for
the preparation of aqueous fruit pulp extract of
Phoenix dactylifera (AFPD) was adopted and,
carried out in the Department of Pharmacognosy
and Drug

Experimental Animals

Development, Faculty of Pharmaceutical
Sciences, ABU, Zaria.

Twenty-five apparently healthy male Wistar rats
(100 to 150 g) were procured from the Animal
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House, Faculty of Pharmaceutical Sciences, ABU,
Zaria. The rats were housed in wired cages in the
Animal House, Department of Human Anatomy,
Faculty of Basic Medical Sciences, College of
Medical Sciences, ABU, Zaria, and were allowed
to acclimatize for two weeks before the
commencement of the study. The housing was
according to standard laboratory conditions, dark
and light cycles of 12hrs provided and fed, rat
chow and water ad libitum.

Drugs

[JParaquat (PRQ)

Paraquat (Paracot® Paraquat Dichloride) was
obtained from Muazu and Sons Agrochemical
Store in Zaria and used as a neurotoxin in this
study. The product is manufactured by Hubei
Xianlong Chemical Industry Co, China.

"/Levodopa (L-dopa)

Levodopa (Sinemet) tablet was obtained from
Rukkayat Pharmaceutical Store in Zaria and used
as the reference drug to evaluate the therapeutic
property of AFPD. The product is manufactured by
Mylan Pharmaceuticals, Inc., Morgantown, USA.

[JKetamine

Ketamine (Ketamine Hydrochloride injection USP,
50 mg/ml) was obtained and used for anaesthesia.
The product is manufactured by Swiss Parenterals
PVTLtd, Gujarat, India.

Experimental Design

Twenty-five rats were categorized into five groups
with five rats in each group. The control group was
administered distilled H,O (2 ml/kg), another
group was administered PRQ (11.35 mg/kg),
another group administered PRQ (11.35
mg/kg)+L-dopa (10 mg/kg), while two other
groups were administered PRQ (11.35
mg/kg)+AFPD (500 mg/kg) and PRQ (11.35

Experimental Animals

(25 Wistar rat)

Grouping/ treatment

Control (2ml/kg

distilled water)

1
PRQ
(11.35mg/ke )

11.35mg/

10mg ke L-dopa

S00me/ kg AFPD 1000meg kg AFPD

|

Euthanasia and brain
harvest

Microscopy and
micrography

Figure 1a: Experimental design
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Figure 1b: Structures of the cortico-ponto-cerebellar pathway
LV: Lateral ventricle; I V: Layers I V of cerebral cortex; DP: Dorsal pons; VP: Ventral

pons; CL2: Cerebellar cortex, 2" lobule.

mg/kg)+AFPD (1,000mg/kg), respectively. All
treatments were via the oral route and lasted for
twenty-eight days (Table 1). This study was
conducted according to the guidelines of the
institutional research ethics committee, Ahmadu
Bello University Committee on Animal Use and
Care: ABUCAUC/2018/097.

At the end of the experiment, the rats were
euthanised using Ketamine (75kg/mg i.p; Kurdi et
al. ") anaesthesia, the rats were decapitated and
skull dissected to remove the brain. Harvested
brains were fixed in Bouin's fluid for histological
processing (see Figure 1a).

Histological Studies

Fixed brain samples were processed using
histological techniques by making coronal and
sagittal sections to target the cerebrum, pons, and
cerebellum. Layer III (external pyramidal layer) of
the cerebral cortex, ventral pontine region of the
pons, and the CL2 (second cerebellar lobule) of the

cerebellar cortex were primarily examined under
the light microscope (Optical Microscope; HM-
LUX, Leitz Wetzlar, Germany) (see Figure 1b).
Histological paraffin sections were stained with
Hematoxylin and Eosin (H&E) stains for
demonstration of histoarchitecture in the Histology
Unit, Department of Human Anatomy, ABU, Zaria.
Microscopy and micrography (using Digital
microscopic camera, MA 500 AmScope®, USA)
were conducted in the Microscopy and Stereology
Research Laboratory of the same facility.

RESULTS

In this study, histological examination of the
cerebral cortex (layer III; external pyramidal
layer), ventral pons, and cerebellar cortex (CL2;
second cerebellar lobule) of Wistar rats were
conducted and the following features were
observed:
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The cerebral cortex of the control showed normal
histoarchitectural features with characteristic six (I
- VI) layers of the cerebral cortex. In particular,
layer III revealed stellate and pyramidal cells with
well-outlined cytoplasm, prominent nuclei, and
relatively dispersed neuroglia (See Figure 1; only
layers 1 V are demonstrated in the figure). Relative
to the control, the section of the PRQ (11.35
mg/kg)-treated group showed neurodegenerative
changes as cytoarchitectural distortions: pyknotic
nucleus/ necrosis, chromatolysis, perineuronal
vacuolation, and satelliotosis. The L-dopa (10
mg/kg)- and AFPD (500 mg/kg)-treated groups
revealed mild distortion of the cytoarchitecture as
perineuronal vacuolation and satelliotosis. AFPD
(1,000 mg/kg) showed relatively normal
cytoarchitecture when compared to the control
(Figure 2).

Section of the pons revealed two distinct pontine
regions; ventral and dorsal (See Figure 1b). The
ventral pontine region of the control group
revealed normal cytoarchitecture of stellate cells
and characteristic large pontine neurons with
distinguishable nuclei and well-preserved
cytoplasm, radiating neuronal processes. The
ventral pontine region of the PRQ (11.35 mg/kg)-
treated group showed distortion in cytoarchitecture
as perineuronal vacuolation and gliosis. The L-
dopa (10 mg/kg)- and AFPD (500 mg/kg)-treated
groups revealed relatively normal
cytoarchitecture, while the AFPD (1,000 mg/kg)
showed mild cytoarchitectural distortion as
perinuclear vacuolation when compared to the
control (Figure 3).

Figure 2: Micrograph of cerebral cortex (layer III) of Wistar rats (H&E x250).
A= Control (distilled water 2ml/kg) group with normal histoarchitecture. B: Blood Vessel; P: Pyramidal cell; S: Stellate cell.

B= Paraquat (11.35 mg/kg) treated group with histoarchitectural distortions. N: Pyknotic nucleus/ necrosis; C: Chromatolysis; V:

Perineuronalvacuolation and satelliotosis.

C= Paraquat (11.35 mg/kg) and L-dopa (10 mg/kg) treated group with mild histoarchitectural distortions. V:

Perineuronalvacuolation.

D= Paraquat (11.35 mg/kg) and AFPD (500 mg/kg) treated group with mild histoarchitectural distortions. V:

Perineuronalvacuolation and satelliotosis.

E= Paraquat (11.35 mg/kg) and AFPD (1,000 mg/kg) group with relatively normal histoarchitecture
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Figure 3: Micrograph of ventral pons of Wistar rats (H&E x250).

A= Control (distilled water 2mi/kg) group with normal histoarchitecture. P: Pontine neurons; S: Stallate cell; W: White matter.

B= Paraquat (11.35 mg/kg) treated group with histoarchitectural distortions. N: Perinuclearvacuolation and gliosis.

C= Paraquat (11.35 mg/kg) and L-dopa (10 mg/kg) treated group with relatively normal histoarchitecture.

D= Paraquat (11.35 mg/kg) and AFPD (500 mg/kg) treated group with relatively normal histoarchitecture. E= Paraquat (11.35 mg/kg)

and AFPD (1,000 mg/kg) group with histoarchitectural distortions. N: Perinuclearvacuolation and gliosis.

The cerebellar cortex in the control group showed
normal histoarchitecture with characteristic layers;
molecular, Purkinje cell, and granular layers of the
lobules of the cerebellar cortex (See Figure 1b).
The CL2 of the control showed normal
cytoarchitecture with stellate cells in the molecular
layer, well-defined Purkinje cells in the Purkinje
cell layer, and a variety of cells, including the
granular cells, in the granular layer. Relative to the
control, PRQ (11.35 mg/kg) treated group revealed

neurodegenerative changes as distortion in the
cytoarchitecture of cells as pyknotic Purkinje
neurons, perineuronal vacuolation, shrunken
Purkinje cells, and gliosis.

The L- dopa (10 mg/kg) and AFPD (1,000 mg/kg)
treated groups showed mild cytoarchitectural
distortion as perineuronal vacuolation and gliosis,
while the section of the cerebellar cortex of AFPD
(500 mg/kg) treated group showed relatively
normal cytoarchitecture when compared with the
control group (Figure 4).
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Figure 4: Micrograph of cerebellar cortex of Wistar rats (H&E x250).

A= Control (distilled water 2ml/kg) group with normal histoarchitecture. G: Granular layer; M: Molecular layer; P: Pukinje

Cell.

B= Paraquat (11.35 mg/kg) treated group with histoarchitectural distortions. N: Pyknotic neurons; V:

Perineuronalvacuolation, shrunken Purkinje cell and gliosis.

C= Paraquat (11.35 mg/kg) and L-dopa (10 mg/kg) treated group with mild histoarchitectural distortions. V:

Perineuronalvacuolation.

D= Paraquat (11.35 mg/kg) and AFPD (500 mg/kg) treated group with relatively normal histoarchitecture.

E= Paraquat (11.35 mg/kg) and AFPD (1,000 mg/kg) group with histoarchitectural distortions. V: Perineuronalvacuolation

and gliosis.

DISCUSSION

In this study, the ameliorative property of aqueous
fruit extract of Phoenix dactylifera on cortico-
ponto-cerebellar structures of Wistar rats exposed
to paraquat neurotoxicity was studied using
histological assessment.

Pathological changes have been associated with
neurodegeneration in different regions of the brain
in animal models resulting from exposure to
environmental neurotoxicants "“"". Observed
neurodegenerative changes which presented as
histoarchitectural distortions including pyknotic
nuclei and pyknotic necrosis, chromatolysis,

perineuronal vacuolation and shrunken neuronal
somata, perineuronal satelliotosis, and gliosis in
the brain regions of interest following PRQ
treatment are suggestive of PRQ-induced
neurotoxicity.

Findings are in agreement with the report of
neurotoxic properties of the environmental toxin,
PRQ. Rappold et al. " reported cytoarchitectural
distortion and cell deaths in rodents treated with
PRQ. Different regions of the central nervous
system, especially the brain, are vulnerable to PRQ
toxicity resulting in neuronal damage and glial
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cells reactivity . Niveditha et al.  reported
neurodegenerative changes which appear as
cellular vacuolar lesions following acute and
multiple-doses of PRQ and, Edobor et al. "™
reported cytoarchitectural distortions such as
pyknotic nuclei and perineuronal vacuolation
following PRQ treatment in Wistar rats.
Neurodegenerative changes have been associated
with environmental stressors like PRQ *". Several
mechanisms by which PRQ treatment induces
neurotoxicity including excitotoxicity, alteration
of mitochondrial complex I activity, a-synuclein
aggregation, autophagy, and alteration of
dopamine metabolism have been reported.
However, oxidative stress generation has been
proposed as the central mechanism for the
toxicological effects of PRQ "*'*. Paraquat causes
oxidative damage through a free radical
mechanism that result in oxidative damage and
lipid peroxidation in the brain *. Paraquat is a
strong oxidative stress inducer that participates in
the formation of reactive oxygen species (ROS), by
alteration of mitochondrial complex I in neurons
resulting in cytotoxicity and cytoarchitectural
changes “Y. Paraquat has been demonstrated to
cross blood-brain barrier in experimental animal
models which trigger neurodegenerative changes.
Neurodegenerative changes including neuronal
loss have been associated with neurodegenerative
diseases including PD and Alzheimer's disease
(AD) in which clinical hallmarks comprise motor
and cognitive impairments "****. Thus, alteration
in the structural integrity of CPC, some of the brain
regions involved in the homeostasis of motor
activities and coordination ™, as a result of
exposure to PRQ could be associated with
neurological conditions such as neurodegenerative
movement disorders.

In this study, observed mild distortion to relatively
normal cytoarchitecture with L-dopa and AFPD
treatments relative to the control is suggestive of
ameliorative properties against PRQ induced
neurodegenerative changes. Findings are in line
with reports from studies related to the beneficial
activities of L-dopa as a remarkable agent in the

management of certain pathological changes
resulting from oxidative stress associated with
neurodegenerative disease conditions like PD *™**,
L-dopa protects neuronal cells against ROS-
induced toxicity by eliciting up-regulation of
endogenous antioxidant molecules such as
glutathione ™.

Several natural agents, especially of plant origin,
have been demonstrated to be beneficial in the
amelioration of xenobiotic triggered
neuropathology and hence their potential for
therapy . Phoenix dactylifera has been
reported to have high nutritional value and
beneficial properties that identified it as a potential
nutraceutical agent “**¥. Findings in this study are
in line with reports on the neuroprotective
properties of Phoenix dactylifera following
neuropathological changes associated with
environmentally induced oxidative stress in
biological systems. Pujari “**' reported the
neuroprotective effect of P. dactylifera against
oxidative stress and neuronal damage in an animal
model. Additionally, Agbon e al. " and Yusufet al.
B reported fruit extracts of P dactylifera
demonstrated remarkable neuroprotection against
cytoarchitectural changes triggered by
environmental neurotoxicants in cortical cerebral
and cerebellar neurons of rats. Edobor et al. ™"
demonstrated neuroprotective properties of P
dactylifera against PRQ-induced neuropathologies
in cortico-nigral structures of rats. Phoenix
dactylifera contains a variety of phytonutrients
including polyphenolic compounds reported to
have strong antioxidant activities associated with
neuroprotective properties in in vivo studies .
Polyphenols are bioactive compounds with strong
antioxidant activities that scavenge free radicals or
quench ROS necessary for neuroprotection ***",
One of the major polyphenolics present in the fruit
extract of Phoenix dactylifera is the secondary
metabolite, flavonoids "**. Flavonoids possess
strong antioxidant and anti-inflammatory activity
in a biological system and, have been reported to
possess neuroprotective properties in models of
neurological disorders **!. Thus, AFPD,
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especially at dose 500 mg/kg, possesses
neuroprotective properties comparable to the
reference drug, L-dopa.

Pathological neurodegenerative changes in
different regions of the brain associated with
neurological disease conditions such as movement
disorders and, neurodegenerative diseases like PD
and AD share similar features including oxidative
stress "*. The brain is exposed to oxidative stress
due to its high rate of oxygen consumption and low
detoxification mechanisms "*! which makes the
brain susceptible to exogenously triggered
oxidative stress. Neuroprotection is a
pharmacological intervention that slows down the
progression of neurodegeneration by working in
synergy with endogenous defense systems to
alleviate responses or reactions resulting from
ROS formation “**”. L-dopa, although established
as a beneficial pharmacological agent for the
management of oxidative stress-associated
neurological changes in parts of the brain
responsible for motor functionality and
homeostasis, has shown manifestation of L-dopa-
induced complication such as personality and
behavioral changes and fluctuations, and reduced
period of benefits have been reported in clinical
trials “*". Recently, several investigations have
emphasized the need for the optimization of
therapies and identification of novel formulation
for neurodegenerative pathologies and related
clinical conditions "'. Neuroprotective
antioxidants from plants like P. dactylifera, could
help in the prevention, treatment, and management
of ROS-triggered neurodegenerative conditions as
they play a critical role as constituent bioactive
components and are potent deactivators of free
radicals in biological systems, thus its health
benefits. Additionally, bioactive compounds such
as flavonoids from AFPD could be beneficial as an
adjunct treatment for the optimization of an
orthodox medicament for ROS-induced
neurodegeneration.

CONCLUSION

Aqueous fruit pulp extract of Phoenix dactylifera
possesses potential ameliorative properties against
paraquat-triggered neurodegenerative changes in
cortico-ponto-cerebellar structures of Wistar rats.
Neuroprotective properties could be attributed to
bioactive compounds present in AFPD with potent
antioxidant activities against ROS-associated PRQ
neurodegenerative changes.

The emphasis in this study was on histological
changes following treatments in rats. Thus, the
need to further investigate the efficacy and
potentiality of AFPD using other methodologies of
assessment, like biochemistry,
immunohistochemistry, and molecular biology.
Additionally, other solvent extract forms of
Phoenix dactylifera fruit pulp could be assessed as
a potential medicament for oxidative stress-
associated neuropathologies and
neurodegeneration to enhance formulation and
ultimately, its commercialization.
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