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Abstract

Background and Objective: Cerebellar fluorosis is a health issue associated with excessive exposure to fluoride (F) either in direct or
indirect ways as pesticides, drinking water and caries preventing prescriptions. It is characterized by elevation in oxidative stress,
inflammation, demyelination and Purkinje cell loss. Moringa oleifera (M), is a widely cultivated plant used as a health-booster agent in
modulating various disorders because of its high content of vitamins and minerals. The beneficial effect of moringa against
fluoride-induced cerebellar toxicity in pregnant rats was investigated in this study. Materials and Methods: Twenty pregnant rats were
administered daily 300 mg kg~ M. o/eifera aqueous extract incorporated with 10 mg kg~ of F intoxication from the 1st day of gestation
until the 20th day. Following the termination of the trial, sera were collected and cerebellar tissue was removed for further examinations,
along with the assessment of maternity. Results: The M. ofeifera significantly normalized serum FSH, LH, progesterone, dopamine and
serotonin levels of F-intoxicated mothers. Additionally, M. ofeifera markedly prevented the lipid peroxidation and DNA fragmentation
indicated by the tail length and moment in comet assay (-34.4 and -75.3%, respectively, when compared to the fluoride intoxicated
group), while sustaining the levels of SOD and CAT revealing its antioxidant activity. The M. ofeifera regressed the cerebellar a-amylase
(-25.4%) and acetylcholinesterase activity (-40.6%), also attenuated GFAP (-73.4%, p<0.0001), synaptophysin level (216.6%, p<0.0001)
and IL-6 expression (-91.2%) comparing to fluoride only treated mothers. Conclusion: Histological and ultrastructural examinations
confirmed the recuperating effects of M. oleifera on mothers’ cerebellar tissue intoxicated with fluoride indicated by intact folia and
restored Purkinje cells numberand architecture. The maternal study emphasized the anti-abortifacient activity of moringa against fluoride
induced-fetotoxicity.
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INTRODUCTION

In homes, fields, on crops and in shipping containers,
fluorinated pesticides as sodium fluoride and sulfuryl fluoride
(SO,F,) are frequently employed as a fumigant pesticide and
strong greenhouse gas despite their serious risk to humans'.
Fluorine, the 13th mostabundant elementin the earth’s crust,
is widely released into the ecosystem naturally via volcanic
emissions or industrially via minerals and fertilizers
manufacturing, fungicides and rodenticides. That is why it is
widely recognized that fluoride is an important natural and
industrial ecological pollutant. Despite low levels of fluoride
triggers healthy bone growth and plays an essential role in
dental health by preventing dental caries and tooth decay?.

Fluoride is present in foods, plants, tea, toothpaste and
other dental and pharmaceutical items used by humans.
Consuming tainted water is the main route of exposure to
fluoride?. High levels of fluoride exposure are detrimental to
human health because they can cause fluorosis, a condition
that is poisonous and debilitating®. The concentration,
duration and tissue susceptibility of an environmental
contaminant’s harmful effects depends on the exposure to
that pollutant®.

The common toxic mechanism of all toxic metals is
through oxidative stress that leads to the production of lipid
peroxidation (LPO), secondary to provoking of free radicals in
the tissues. So, reactive oxygen species (ROS), which are
beneficial in adequate amounts, result in damage to various
biomolecules like DNA, proteins and membrane lipids,
enzymes, in addition to simultaneously impairing the
antioxidant defense system®. Fluoride may have a deleterious
impact on cytokines because they are crucial in controlling
immune response and cell proliferation. Recent studies
showed that they play a role in the inflammatory response as
well as the development and progression of tumors through
proliferation, invasion, matrix destruction and ultimately
apoptosis’8. Moreover, fluoride can activate c-Jun N-terminal
kinase (JNK) pathway by upregulating the P-MEK,;, INKmRNA
as well as protein expression level®. The JNK pathway is
responsible for regulating the synthesis of proinflammatory
cytokines, including IL-6, IL-2 and TNF-a'®. Furthermore,
fluoride can activate both normal and necrotic cell death via
triggering Fas Ligand (FasL)/Fas signaling pathway in addition
to Tumor Necrosis Factor-a and its Receptor (TNF-R1)".

Maternal fluoride exposure threatens fetal advancement,
during embryonic development, the F has a very sensitive
influence on the central nervous system due to its inadequate
protective mechanisms'2.  Fluoride causes abnormal
menstruation and elevates pregnancy complications,
teratogenicity and  frequency of  miscarriages’.
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Neurodegeneration takes place either due to pathological
conditions or ecological toxins that have impacts on the
nervous tissue constituents and they are typically debilitating
and incurable and often lead to ataxia, dementia or any other
cognitive incapacity'. The neurotoxicological consequences
of Fin the brain of rats encompass oxidative stress, DNA harm,
disruption of protein and neurotransmitter levels, as well as
modifications in the activities of specific enzymes'>6,

Traditional medicine (herbal medicine) is used nowadays
as an alternative remedy as the use of plants and plant
extracts improves human health. A wide array of botanical
species has been employed in the treatment of cognitive
disorders, encompassing neurodegenerative diseases and
various neuropathological conditions. Therefore, herbal
medicine has gained great attention and is recommended as
a biological alternative with limited adverse effects to
maintain one’s health'.

Moringa oleifera (M) which belongs to the Moringaceae
family, is considered one of the most well-known among
approximately 13 different species of moringa'®. It has
been experienced as antioxidant, cardiovascular
enhancer, anti-cancer, antimicrobial, anti-inflammatory,
anti-hepatotoxic,  anti-urinary’ and  anti-neurotoxic
properties®. The neuroprotective potential of M. ofeifera may
be due to its ability to eliminate oxidative stress and enhance
the cholinergic function?'. The M. ofeifera functions as a free
radical scavenger within the central nervous system, hence
enhancing the endogenous antioxidant system?2, Additionally,
it contains numerous elements that are essential for life and
playa partinimmune system development, oxygen transport,
enzyme activation and stimulation of nerve impulses.
The M. ofeifera is renowned for being a strong source of
protein and abundant minerals, particularly iron and zinc?.
The M. oleifera with other antioxidants can diminish reactive
oxygen species.

This investigation was done to detect the ameliorative
influence of moringa on mothers cerebellar fluorosis
biologically, inflammatory, hormonally, enzymatically,
pathologically,immunohistochemically, ultra-structurally and
maternally.

MATERIALS AND METHODS

Study area: This study was conducted at the Animal House
and Laboratory Facilities of the Faculty of Science,
Mansoura University, Mansoura, Egypt during the period from
March, 2022 to May, 2023.

Chemicals: Sodium fluoride was obtained from Sigma
(Sigma- Aldrich Co., St. Louis, Missouri, USA).
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Moringa leaves aqueous extract preparation: Early in the
morning, fresh leaves of M. oleifera were picked from gardens
in the Faculty of Agriculture, Mansoura University, Egypt.
Using distilled water, M. oleifera leaves were meticulously
separated from the stem, thoroughly cleansed and rid of any
sand or otherimpurities. Using an electric kitchen blender, the
powder was created from the fresh leaves. A 250 mL conical
flask was used for mixing 100 mL of distilled water with 5 g of
finely pulverized M. oleifera leaves. The quantity of plant
leaves extracted is 320 g per 5.6 L of distilled water. The flask
contents were located on a shaker at 70°C for 20 min.
Whatman filter paper No. 1 (125 mm, Cat. No. 1001 125,
Germany) was used to filter the mixture after it had been
extensively homogenized and sieved with a large size of
Whatman filter paper (24 c¢m). Following extraction in the
oven at 70°C, the extracted components were concentrated
to a predetermined volume. Until it was used, the filtrate that
resulted was kept in the freezer (-20°C)?.

Experimental animals: Rats used in this study were obtained
from The Egyptian Vaccine Company (VACSERA, Giza, Egypt),
which were housed in the Mansoura University, Faculty of
Science, experimental animal center. Animals were placed in
metallic containers containing shavings as bedding material
and exposed to alternating 12 hrs periods of light and
darkness, while maintaining a somewhat stable temperature
(23£2°C) and humidity (50%) supplied with enough food and
drink. In this study, ten male rats and twenty virgins, sexually
mature female rats weighing between 150 and 180 g each
were employed.

Experimental design: After an acclimatization period,
both female and male rats were housed together overnight for
mating, each three virgin female rats with one fertile male in
separate cages with (3:1) ratio. Next day morning, the
presence of vaginal plug or sperms in the vaginal smears was
considered the first day of pregnancy, as shown in Fig. 1a
afterward, pregnant rats were randomly divided into 4 groups
of 5 animals as follows:

Control group (C): Pregnant rats were fed on a standard
diet and water and kept for 20 days of gestation
Moringa extract treated group (M): Pregnant rats were
orally supplemented with moringa extract in a dose of
300 mg kg~ daily starting from the first day till the 20th
day of gestation

Fluoride treated group (F): Pregnant rats received daily
oral doses of sodium fluoride (10 mg kg~') starting from
the first day till the 20th day of gestation
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Combined group (M+F): Pregnant rats treated daily
with both sodium fluoride (10 mg kg~") combined with
moringa leaf extract at a dose of 300 mg kg™ from the
first day till the 20th day of gestation

Samples collection: Rats were restrained overnight on their
20th gestational day and sacrificed 24 hrs after the last
treatment. Clean centrifuge tubes were used to collect blood
samples, which were then allowed to clot before being
centrifuged at 1500 rpm for 15 min at 4°C to extract sera.
Subsequently, the sera were promptly frozen ata temperature
of -20°C to facilitate subsequent biochemical investigation.
While this was going on, mothers’ cerebellar tissues were
divided, weighed and a portion of them were homogenizedin
a glass-Teflon homogenizer with ice-cold 0.01 M Tris-HCl
buffer (pH 7.4). After centrifuging the homogenates at
1500 rpm, the supernatant was stored at -20°C until
biochemical tests. Other areas of the cerebellum, however,
were retained for future investigations and fixed in neutral
formalin (10%) or glutaraldehyde (4%) for histological and
ultrastructural analyses.

Estimation of FSH, LH and progesterone serum level:
The quantitative determination of serum hormone was
performed by ELISA Kit using the Double Antibody Sandwich
technique with FSH, Cat. No. MBS263261, while LH, with Cat.
No. MBS764675 and Progesterone, with Cat. No: MBS762170
was determined by Competitive-ELISA detection method.

Determination brain dopamine and serotonin: The levels
of dopamine (DA) were assessed by employing a rat
Enzyme-Linked Immunosorbent Assay (ELISA) kit obtained
from CUSABIO TECHNOLOGY LLC, Houston, USA. Additionally,
the quantification of serotonin levels was conducted using a
kit identified by the code E-EI-0033.

Oxidative stress assessment: Using assays purchased from
Biodiagnostic, Egypt, the levels of the antioxidant enzymes
catalase (Catalogue # CA 2517) and superoxide dismutase
(SOD with Catalogue # SD 2521) and the lipid peroxidation
product malondialdehyde (MDA with Catalogue # MD 2529)
were measured in the sera.

Neurodegeneration markers evaluations: The brain
a-amylase (CSBELO01689RA) and acetylcholinesterase with
catalog number (CSB-E11304r) were measured. The Rat
Enzyme-Linked Immunosorbent Assay (ELISA) Kit,
manufactured by CUSABIO TECHNOLOGY LLC in Houston,
USA, was utilized.
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Immunohistochemistry:  The  immunohistochemical
investigation was assessed to identify the expression of
GFAP and synaptophysin antigens as described earlier within
cerebellar tissue. After being deparaffinized in xylene and
rehydrated infalling ethanol concentrations. Tissue slices were
antigen-retrieved in sodium citrate buffer for 10 min in a
microwave at 100°C. By incubating with 3% hydrogen
peroxide for 10 min at room temperature, endogenous
peroxidase was suppressed. The tissue slices were treated
with primary anti-synaptophysin or anti-GFAP (Thermo Fisher
Scientific, Fremont, California, USA) at 4°C overnight after
being blocked in 10% normal goat serum for 30 min. Rat
monoclonal anti-GFAP anti-body (1:2000; Abcam; Cambridge,
UK) and anti-synaptophysin anti-body (1:1000; catalogue
number 701503; Millipore; Temecula, California, USA) were
the main antibodies used. The main antibody, biotinylated
secondary antibody and streptavidin-HRP (1:1000) were all
incubated on the tissue slices for 1 hr each. The tissue slices
were then exposed to streptavidin-conjugated horseradish
peroxidase for 30 min at 37°C (ExtrAvidin Kit, Sigma, St. Louis,
Missouri). The sections were initially subjected to hematoxylin
staining, followed by the application of a diaminobenzidine
(DAB, Sigma) substrate for 5 min at ambient temperature to
facilitate the development of the staining.

Quantitative PCR: By the guidelines provided by the
manufacturer, the Trizol reagent (Takara, Maebashi, Japan)
was employed to extract the entirety of RNA from the
cerebellum of a pregnant female rat. Using a NanoDrop2000
(Thermo Scientific), the quantity of RNA was calculated based
on the A260/A280 ratio. The cDNA synthesis kit (Bio-Rad,
Hercules, California, USA) was used to create first-strand cDNA
from total RNA by the manufacturer’s instructions. For PCR
amplification, Ultra SYBR Mixture (2 L of cDNA in 25 L) was
utilized. As 40 cycles of 94°C for 30 sec, 60°C for 30 sec and
72°C for 45 sec were performed on the PCR mixture after it
had been denatured at 94°C for 2 min. The following primer
sequences were employed in this study.

The IL 6 (NM_012589.2) forward: 5'-GCCCTTCAGGAA
CAGCTATGA and reverse: 3'-TGTCAACAACATCAGTCCCAAGA.
The following is how the relative gene expression was
calculated: The 2-Ct technique was used to normalize gene
expression or fold change to the housekeeping gene (B-actin)
expression or fold change in the target gene?®.

Detection of DNA damage: As previously described by
Giovannelli et a/%*, a single-cell gel electrophoresis assay
(also known as a comet assay) was evaluated. Approximately
100,000 cells were immersed within a 0.65% low melting
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agarose matrix, which was subsequently applied onto entirely
frosted microscope slides pre-coated with a layer of 0.75%
normal agarose. The normal agarose was prepared using a
Mg?* and Ca?* free phosphate-buffered saline (PBS) solution.
A final layer consisting of low-melting agarose with a
concentration of 0.65% was carefully added to the uppermost
surface. Then put the slides in cold lysate solution containing
(10% DMSO+1% Triton X-100+89% of 10 mmol L~ Tris+1%
sodium lauryl sarcosine+2.5 mol L' NaCl+100 mmol L=" Na,
EDTA, pH 10) for 1-2 hrs at 5°C. Afterward, incubated the
slides for 15 min in an ice-cold electrophoresis chamber
(model GNA-200, Pharmacia, Milan, Italy) containing
(300 mmol L' NaOH+1 mmol L=" Na,EDTA, pH 12) and
exposed to 25 V/300 mA for 20 min. Pre-incubation and
electrophoresis were made in an ice bath. After soaking the
slides for 3to 5 minin 0.4 M Tris, pH 7.5, the DNA was stained
by adding fifty microliters of ethidium bromide (20 ug mL™")
to each slide. After 5 min of staining, slides were washed in
distilled water and covered for microscopic examination.
Under a fluorescent microscope (Olympus B-60F5) fitted
with an excitation filter of 549 and 590 nm barrier filter and
linked to a CCD camera (Kodak, USA) and analyzed 1000X
magnification images. A total of one hundred cells were
randomly chosen for analysis on each slide. The assessment of
DNA damagein these cells was conducted by determining the
ratio of tail DNA content to the overall cellular DNA content.

Histopathological examination: Maternal cerebellar tissue
samples were fixed in 10% neutral buffered formalin (PH 7.2)
for histological investigations. Sections underwent a rinsing
process usinga 70% alcohol solution, followed by dehydration
using escalating concentrations of alcohol and were further
cleaned using xylene. The specimen was sliced into sections
with a microtome, resulting in a thickness of 5 m. These
sections were subsequently treated with paraffin wax
immersion and stained with Hematoxylin and Eosin (H&E).
The field regions for each slice were then chosen and they
were evaluated under a light microscope at 100 and 400 X for
histopathological alterations.

Ultrastructural examination: Segments of maternal
cerebellar tissue from control and other treatment groups,
measuring approximately 1 cubic millimeter each, were
immersed in a buffered glutaraldehyde solution (pH 7.4) and
fixed at a temperature of 5°C for a duration of 4 hrs. Next, the
specimens underwent a triple wash using phosphate buffer,
with two changes. Following this, the specimens were refixed
ina 1% aqueous buffered solution of osmium tetroxide (OsO,)
atroom temperature for a duration of 2 hrs. Subsequently,
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the samples underwent a buffer rinse, followed by
dehydration using progressively higher concentrations of
alcohol. Finally, the samples were implanted at the apex of an
inverted polythene beam capsule that was filled with liquid
resin. The sections were sliced using an ultramicrotome into
semithin sections with a thickness of 0.5 um, as well as
ultrathin sections. Toluidine blue was used to stain the
semithin sections. The ultrathin sections, ranging from 50 to
90 nm in thickness, were subjected to staining using uranyl
acetate and lead citrate. Subsequently, these sections were
analyzed using a Transmission Electron Microscope (TEM) of
the model JEOL 100 CX.

Ethical approval and permission to participate: All
procedures involving the care and use of the animals in this
study followed the protocol established by the Institutional
Animal Ethics Committee (IAEC) of Mansoura University
(SCI-Z-M-2021-68) and in compliance with the Guiding
Principles for the Use of Animals in Toxicology.

Statistical evaluation: The standard error of the mean (SEM)
was used to express the results (n = 5). One-way ANOVA was
used to analyze the statistical differences and Tukey's post hoc
test was used to confirm the results. When the p-value was
less than 0.05, a significant difference was taken into
consideration. GraphPad Prism 7.0 (GraphPad Software Inc.,
San Diego, California, USA) was used for all statistical analyses.

RESULTS

Changes in body weight (BW) and organs coefficients of
pregnant rats: Changes in the final BW and vital organs
efficiency were examined at day 20 of gestation as shown in
(Fig. Tb). Allanimal groups recorded comparable initial BW, at
the end of the experiment, oral intake of M. oleifera extract
insignificantly decreased the final BW (202.4£15.7 g, -5.5%)
compared to the normal untreated mothers (214.2+8.6 g).
Meanwhile, fluoride exposure showed a remarkable decrease
in the final BW (166.4%9.1 g) with -22.3% compared to the
normal group. Co-treatment with both moringa extract and
fluoride salts depicted a non-marketable elevation in the final
BW (207.4%8.5 g) with 24.6% compared to the fluoride-only
treated group.

Changes in the vital organ weight of pregnant rats were
alsoassessed. A nonsignificant regression in brain, cerebellum,
kidney, liver and spleen weights (Fig. 1c-g, respectively) was
noticed by oral dosing of moringa aqueous extract respecting
tonormal pregnant mothers(-11.1,-10.5,-9.1,-17.3and -3.9%,
respectively). Oral injection of fluoride salts to pregnant
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animals resulted in a markable depletion in weights of brain
(-27.8%, p<0.05), cerebellum (-36.8%), kidney (-15.8%),
liver (-38.2%, p<0.01), while elevated spleen weight (57.7%)
comparing to normal group. Introducing moringa extract
to fluoride treatment elevated the weight of brains,
cerebella, kidneys and livers (25.4, 33.3, 12.9 and 41.7%,
respectively), meantime decreased spleens weight (-31.7%)
respecting to fluoride treated mothers.

Moringa normalized FSH, LH and progesterone (P)
concentrations in mothers’ sera: The administration of
moringa extract to normal pregnant rats unremarkably
depleted FSH level (-8.7%), P level (-6.78%), while elevated
LH level (+0.4%), for normal untreated pregnant rats.
A significant regression in serum levels of FSH, LH and P
(-26.1%, p<0.05; -25.3%, p<0.01 and -29.4, p<0.0001,
respectively) was noticed in F treated group concerning
C group. Meanwhile, supplementation of M. o/eifera extract
together with F intoxication recorded a marked elevation in
FSH level (21.8%) and a high significant upgrading in LH level
(p<0.0001, 48.7%) and progesterone level (p<0.0001, 45.6%)
comparable to F-treated groups (Fig. 2a-c).

Moringaattenuated serum dopamine and serotoninlevels:
Interestingly, treatment with M. oleifera aqueous extract
remarkably elevated serum dopamine (111.5%) and
serotonin levels (39.2%) as compared to control untreated
pregnant rats. But oral administration of F salt significantly
regressed serum levels of both dopamine (p<0.05, -186.7%)
and serotonin (p<0.01, -184.3%) respecting to M. oleifera
extract treated animals and (-26.1 and -51%), respectively
comparing to control animals. On the other hand, rats
supplemented with moringa extract together with F exhibit a
non-significant increase in dopamine and serotonin serum
levels (77.1 and 91.1%), respectively when compared with F
alone treated animals (Fig. 2d-e).

Cerebellar a-amylase and acetylcholinesterase (AChE)
levels: Figure 2f-g depicted that treatment with M. ofeifera
extract unremarkably depleted a-amylase level, while elevated
AChE level in mothers’ cerebellar tissue (-12.96 and 47.9%),
respectively when compared to normal mothers). At the same
time oral administration of F saltinsignificantly elevated tissue
a-amylase level respecting to C group (17.7%) and all other
experimental groups, meanwhile significantly elevated AChE
concentration (127.8%, p<0.05 respecting the normal
mothers). Combined injection of moringa extract together
with fluoride salt decreased both a-amylase (-25.4%) and
AChE tissue level (-40.6%) compared to fluoride treated group.
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C: Control group, M: Moringa aqueous extract group, F: Fluoride group, M+F: Moringa together with fluoride group, *p<0.05, **p<0.01 and ***p<0.001

with respect to control (n =5)

Moringa ameliorated cerebellar IL-6 level: Fluoride salt
administration significantly elevated IL-6 level (p<0.0001)
respecting all other different groups. Meanwhile,
supplementation of M. o/eifera extract significantly regressed
IL-6 level (-84.6%) concerning fluoride intoxicated animals.
Atthe same time, combined treatment with both moringaand
fluoride significantly diminished IL-6 level (-91.2%) respecting
to fluoride treated group (Fig. 2h).
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Moringa extract ameliorated oxidative stress and DNA
damage: The level of SOD and CAT in serum was significantly
reduced after administering moringa (p<0.01) compared to
the control group. While administration of moringa extract
accompanied with fluoride markedly improved serum SOD
and CAT levels (17.4 and 6.7%), respectively compared to
fluoride only receiving group as shown in Fig. 3a-b. Serum
MDA level exhibits a remarkable increase in the F group
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Table 1: Comet assay parameters obtained by image analysis in mother’s cerebellar cells of the different groups

Group Control Moringa Fluoride Moringa+Fluoride
DNA in tail (%) 29+047 3.56+£0.41 15.2940.76*8 5.86£0.52°¢P
Tail length (um) 1.132£0.09 1.31£0.13 3.197£0.16"8 2.1£0.18460
Tail moment (Unit) 2.94£049 4.26%0.56 47.021+2.96"8 11.631+1.43 5P

Each value represents the Mean£SE of 50 nuclei in each group, #2Significantly different from the control group at 0.0001 and 0.001 level, respectively, 82<Significantly
different from the M group at 0.0001, 0.001 and 0.05 level, respectively and P Significantly different from the F group at 0.0001 level

compared to both the control and moringa-treated group magnification (Fig. 4F and F1). Elongated irregular glial cells
(14.4%, p<0.05; 16.9%, p<0.01, respectively). Atthe sametime,  were activated due to the toxic insult of fluoride salt intake
a combined approach of both moringa and fluoride (Fig. 4F1). In another focus fluoride ions deposition could
insignificantly minimized MDA level (-10.5%) respecting to  be detected in the neuronal tissue (Fig. 4F2). Generally,
fluoride treated group (Fig. 3¢). No statistical difference was  a combined approach of fluoride salts and moringa extract
recorded between the control and the moringa treated significantly recuperate cerebral folia, but still, some granule
group. cells of the cerebellar internal granule cell layer have this
The extent of DNA damage in cerebellar cells of the pyknotic basophilic feature (Fig. 4M+F). Many Purkinje cells
different groups was assessed using single-cell gel retain a normal appearance despite the regional granule cell
electrophoresis Fig. 3d and Table 1. The cerebellar cells of  necrosis together with multiple active gemistocytic astrocytes
mothers exposed tofluoride salt showed asignificantincrease ~ and dilatation in blood capillary in the outermost molecular
in DNA fragmentation as reflected by the measured tail length layer (Fig. 4M+F1 and 2). Intoxication with fluoride
and tail moment, compared to the control group. Thisdamage  significantly reduced the approximate Purkinje cells number
represents a 182.4 and 1500% increase, respectively of the (p<0.001) compared to all other experimental groups, while
control group. Conversely, cerebellar tissue of pregnant rats ~ cotreatment with moringa and fluoride markedly improved
treated with moringa aqueous extract together with fluoride  this number (Fig. 4l).
showed a less elevation in tail length and tail moment by only
81.36 and 295.7%, respectively, versus the control group and Immunohistochemical investigations
-34.4 and -75.3%, respectively versus fluoride intoxicated  GFAP protein expression:Immunohistochemical observation
group. of the cerebellar tissues from control and M-only treated
animals showed mild expression in GFAP protein (Fig. 5C, C1,
Histopathological ~ examination:  Histopathological M and M1). While fluoride salt administration significantly
examination of maternal cerebellar tissue excised from the  elevated GFAP expression respecting the normal group
normal untreated group revealed common nerve fibers,  (p<0.0001) and showed a remarkable protein expression in
dispersed stellate and basket cells make up the majority of the the tissue (Fig. 5F and F1). Same time, oral dosing of moringa
superficial portion of the cerebellar cortex’s molecular layer,  extract togetherwith fluoride salt significantly regressed GFAP
which is compact and weakly pigmented. Then, a typical, level (-73.42%, p<0.0001) compared to fluoride-treated
single layer of big pyriform Purkinje cells (cell bodies witha  mothers and normalized its tissue expression (Fig. 5SM+F and
greater diameter) extends deep into the cerebellar cortex. ~ M+F1). The GFAP labelling index was recorded (Fig. 5I).
Then, adjacent to the white matter of the cerebellum and
deep to the Purkinje cell layer, there were densely packed Synaptophysin (SYN) protein expression:
granular cells (small neurons with heterochromatic darkly  |Immunohistochemical examination of mother’s cerebellar
pigmented nuclei) (Fig. 4C and C1). Similarly, mothers who  tissue for SYN protein exhibited intense expression in both
took moringa extract showed intact cerebellar architecture the control and M-treated group (Fig. 6C, C1, M and M1), by
(Fig. 4M and M1). Otherwise, daily supplementation with  contrary, oral administration of fluoride salt significantly
fluoride salt markedly degenerated the cerebral folial layers. regressed SYN level (p<0.000) with -68.70% respecting to the
Thinregretted granularlayers with either basophilicapoptotic ~ control group accompanied with scant tissue expression
oreosinophilic necrotic neurons were depicted (Fig. 4F), which (Fig. 6F and F1). On the other hand, mothers supplemented
is further emphasized with ultrastructure investigations.  with moringa extract together with fluoride exhibited a
Reactive gemistocytic astrocytes can be noticed here and significant elevation of SYN level (p<0.0001) with 216.64%
there in the molecular layer (Fig. 4F2 and F3). A great lossin ~ when compared with fluoride-treated animals and almost
the pyriform cell layer was reported at low focus, accompanied restored its dense expression (Fig. 6M+F and M+F1). The SYN
with karyolysed deeply acidophilic Purkinje cells at higher  labelling index was recorded (Fig. 6l).
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Fig. 4: Photomicrographs of H&E of cerebellar cortex sections from all groups, (C, C1) Control , (M, M1) Moringa extract-treated
group, (F,F1,F2 and F3) Fluoride treated group, (M+F, M+F1 and M+F2) Combined treatment and (I) Approximate Purkinje

cells number in different experimental groups

Sections (C, C1, M and M1) depict normal cerebral folium (CF), cortical outer molecular layer (MO), intact densely stained Purkinje cell layer (P), followed by
multicellular granular layer (G), finally white matter (WM). While sections (F, F1, F2, and F3) shows multi-focal necrosis (green arrows) in cerebral folium (CF),
molecular layer (MO), Purkinje cell layer (P), degenerated granular layer (G) and white matter (WM), gemistocytic astrocyte (red arrows) and reactive glial cells
(black arrows), endothelial hypertrophy (orange arrow), and fluoride ion deposition (yellow arrows). Sections (M+F, M+F1 and M+F2) show intact piriform
Purkinje cells (P) and molecular layer (MO). Black arrowhead identifies a pyknotic nucleus amid numerous normal granule cells, granular layer (G) still suffering
from multifocal necrosis (green arrow). Many reactive astrocytes here and there (red arrow). Right panel 100X, left panel 400 X and ***p<0.001
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Fig. 5: Expression levels of GFAP protein in cerebellar tissue of different groups, (C and C1) Control, (M and M1) Moringa
extract-treated group shows a mild protein expression in tissue, while (F, F1) Fluoride treated group showed a marked
GFAP expression (M+F and M+F1) Combined treatment depicts week protein expression in the cerebellar tissue and
(I) GFAP labelling index

Right panel 100X, left panel 400X, the values are expressed as the Mean®SEM of 5 microscopic fields/tissue samples of GFAP immune-expression and
**¥%p<0.0001
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Fig. 6: Expression levels of SYN protein in cerebellar cortex of different groups, (C and C1) Control, (M and M1) Moringa
extract-treated group displays a dense protein expression in tissue, while (F, F1) Fluoride treated group showed alittle SYN
expression (M+F and M+F1) Combined treatment depicts increased protein expression in the cerebellar tissue and
(I) SYN labelling index

Right panel 100X, left panel 400X, the values are expressed as the Means®=SEM of 5 microscopic fields/tissue samples of SYN immune-staining and
*RXK
p<0.0001
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Fig. 7: Electron micrographs of cerebellar cortex sections from all groups, (C, C1 and C2) Control (M, M1 and M2) Moringa

extract-treated group, (F, F1 and F2) Fluoride treated group and (M+F, M+F1 and M+F2) Combined treatment

Sections (C,C1,C2,M,M1and M2) depict normal Purkinje cells containing normal eukaryotic nucleus (N) and noticeable nucleolus (nu). The cytoplasm contains
many RER and granulocytes (G) and is rich in mitochondria (m) and granular layer shows many myelinated nerve fibers (nf), neural synapsis (red arrow) and
also myelinated axons (*). While sections (F, F1 and F2) reveal purkinje cells with atrophied pyknotic nucleus (yellow head arrow), dilation in RER and dark
patches (orange arrow), thickening in endothelial wall (red double headed arrow) and granular layer also depicts destructed granulocytes (G) with pyknotic
nuclei and invaginated nuclear envelope (green arrow), many dark lysosomes (ly), neuropil vacuolation (blue arrow) and microglial cells (mg). (M+F, M+F1
and M+F2) showed quite intact Purkinje cells with normal nucleus (N), nucleolus (nu), dilated rough endoplasmic reticulum (blue arrow), granulocytes (G),
normal neurofilaments (nf), neural axons (*) and pre- and post-synapsis (red arrow). But still suffering from apoptotic cells (yellow head arrow) and active
microglial cells (mg).
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M+F

Fig. 8: Photographs of mothers at day 20 of gestation showing uterus of pregnant rats and their fetuses from all groups,

(Q) Control, (M) Moringa extract-treated group, (F) Fluoride treated group and (M+F) Combined treatment
Control and moringa extract-treated group reveals normal uterus and uterine horns, normal fetuses and no abortion or resorption. Fluoride treated group
depicts presence of one uterine horn, mortality, many abortions and protrusion

Ultrastructural examination: Ultrastructure examination of
the mothers’ cerebellar cortex of control depicts an intact
pyriform cell with a well-defined eukaryotic nucleus and
marked electron-dense nucleolus, its cytoplasm is rich in RER
and secretory granules and both rounded and elongated
mitochondria. The granular layer showed normal granulocytes
with mostly peripheral and little central euchromatin, centric
heterochromatin and distinct nucleoli. Fairly sheathed
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myelinated axons, nervefibers and both pre and post-synapsis
filled with neurotransmitter vesicles could be seen here and
there in the neuropil. A patent mossy rosette is noticed.
Administration of moringa to normal pregnant rats revealed
quite normal Purkinje cells with a euchromatic nucleus and
rich RER, golgi apparatus and different-sized mitochondria.
The granular layer showed normal organization as that of the
control (Fig. 7C, C1 and C2).
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Intoxication ~ with  fluoride induced cerebellar
microstructural alterations in pregnant rats, as Purkinje cells
were shown apoptotic with a dark atrophied pyknotic nucleus
and dimpled envelope. Its cytoplasm revealed vacuolation,
dilatation in RER and dark patches here and there. A
noticeable thickening in the endothelial wall with the dark
indented nucleus. Some nerve fibers were noticed, disrupted
or split in myelin sheaths in the granular layer. Additionally,
many neuronal granulocytes appeared destructed with
pyknotic nuclei with invaginated nuclear envelope in another
focus. Many dark lysosomes with multiple-sized showed
scattered in the granulocyte cytoplasm (Fig. 7F and F1).
Neuropil displayed unequivocal vacuolation indicating
neuronal loss and disruption (Fig. F2). Furthermore, a granular
microglial cell was observed.

Combined modality of moringa and fluoride attenuated
pyriform cell microstructure, its nucleus was seen intact with
abundant euchromatin and peripheral nucleolus enclosed
with a well-distinguished envelope. Its cytoplasm was filled
with numerous mitochondria and secretory granules, but still
suffered from vacuolation (Fig. 7M+F). Typical granulocytes
with undamaged nuclei and well-defined nucleoli, euo- and
heterochromatin and numerous dark active mitochondria
were exhibited. Neuropil was shown to be relatively
recuperated having multi mitochondria, secretory granules,
pre-and post-synapsis, neurofilaments and myelinated axons
(Fig. 7M+F1 and 2).

Maternity study: Strikingly, administration of M. oleifera
extract to normal untreated pregnant rats markedly showed
normal uterine horns with no abortion or resorption, also
fetuses appeared normal without malformations (Fig. 8M)
these results were comparable to normal untreated uterine
horns and fetuses (Fig. 8C). On the other hand, oral
administration of fluoride revealed a high rate of abortion,
resorbed fetuses, only one uterine horn was observed and the
other is replaced by residual bodies, fetuses were dead with
abnormal bending of the fetal body (protrusion) (Fig. 8F).
Pregnant rats supplemented with moringa together with
fluoride depicted the ameliorated effect of moringa against
fluoride as it revealed no abortion, normal uteri and normal
fetuses without any malformation (Fig. 8M+F).

DISCUSSION

Fluorinated compounds have been demonstrated to
have serious impacts on the brain whether used in medical
prescriptions field pesticides or as a food fumigant on
post-harvest food. After being absorbed by the digestive
system, fluoride reaches the circulation?”-2, Toxic mechanisms
of fluoride are involved in many biological processes like
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neuroinflammation, generation of free radicals?®, disruption of
metal homeostasis®, protein inhibition®' and tissue damage32.
The placental and blood-brain barriers may both be crossed
by fluoride. According to previous studies, it has been linked
to a delay in brain development during the prenatal and
neonatal periods'?*,

The use of herbal plants besides pharmaceutical drugs is
an alternative method for enhancing our health. Moringa
oleifera has many therapeutic potentials for many diseases
like immune regulation, hyperglycemia, hypertension,
hyperlipidemia, liver disease, inflammation and cancer®.
Previous investigations reported that the phytochemicals
flavonoids and phenolics are what give moringa its biological
action®. Moreover, it has inherent natural antioxidants that
can diminish the generation of free radicals, restrict the
magnitude of lipid peroxidation and enhance the efficacy of
antioxidant enzymes*. Additionally, moringa leaves have
many benefits to overcoming nutritional and health
implications in pregnant women and also prevent adverse
pregnancy outcomes®. The protective effects of Moringa
oleifera leaves on neurons and glia in lead poisoning have
been shown3#*, Additionally, these leaves have been found to
combat oxidative stress in rat models of Alzheimer's
disease?'2240,

The objective of the present study was to elucidate the
underlying mechanism via which the extract of Moringa
oleifera leaves might mitigate the adverse effects of fluoride
poisoning in pregnant rats. Body weight is crucial since it
offers a broad perspective on the animals’ condition of health.
Generally, a key symptom of toxicity may be an abnormal rise
or fall in body weight and the weight of other organs. The
measurement of organ weight in toxicity is thus a crucial
factor. Concerning body weight and vital organ weight, rats
intoxicated with fluoride showed a significant regression in
the body weight, uterus and placenta. These results were
consistent with preclinical studies that discovered that
fluoride-treated rats’ body weight dramatically declined by
Djouadi and Derouiche*. Similarly, another study provided
that fluoride causes significant regression in uterine weight
and also causes alterations in the uterine coefficient*’. On the
other hand, administration of moringa prevented regression
in body weight. Also, co-treatment of both moringa and
fluoride elevated body weight alleviated the reduction
followed by fluoride exposure, significantly increased uterine
and placental weights and narrowed the differences between
the control and fluoride treated groups. Similar observation
reported an elevation in body weight of rats treated with
moringa, indicating that moringa may enhance anabolic
processes resulting in the accumulation of adipose tissues of
rats*!. This result was in the same line with earlier results found
that moringa causes elevation in body weight at a low dose®.
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Furthermore, mothers treated with fluoride alone
showed a marked regression in vital organs weight
(kidney, liver, brain and cerebellum) and in contrast elevated
spleen weight. These outcomes, were consistent with earlier
findings that revealed that fluoride causes an elevation in the
relative weight of the spleen®®. On the other hand, moringa
treatment improves the reduction in vital organ weight,
confirming with other studies demonstrated that moringa
improves kidney weight and keeps it near to the normal
weight*. This result was in parallel with previous results
reported that moringa regressed the changes in organ weight
and narrowed the differences between the control and
cypermethrin treatment®.

Considering to hormonal level, the anterior pituitary
glandular gonadotroph cells secrete FSH and LH*.
Gonadotropin-releasing hormones from the brain control how
much of them are secreted. FSH's primary role is to stimulate
ovarian expansion and to encourage the formation of follicles
and estradiol. The LH is essential for follicular maturation,
ovulation, corpus luteum formation and steroid hormone
production””. The adverse impact of fluoride on the
reproductive performance of females was seen to result in
reduced levels of Follicle-Stimulating Hormone (FSH),
Luteinizing Hormone (LH) and progesterone, along with a
reduction in uterine weight and the number of follicles in the
ovaries®. The results of this experiment showed that the
injection of fluoride caused a considerable regression in the
levels of the hormones progesterone, LH and FSH in the
serum. Present study results were nearly similar to that
reported in another study, explaining that intaking of fluoride
resulted in a decline in FSH and LH in rats intoxicated with
fluoride*. Furthermore, the regression of progesterone level
is associated with a decrease in the number of healthy
follicles®. However, in contrast to the fluoride-treated group,
current study results showed that oral administration of
moringa extract along with fluoride elicited anincrease in FSH,
LH and progesterone hormones. Similar observations were
made, reported that moringa leaves increase female
reproductive hormones, particularly FSH, LH and progesterone
as well as increase the number of implantations®'. This
indicated that moringa may enhance the reproductive
performance in females by increasing the secretion of
hormones.

Furthermore, the elevated rate of free radicals like
H,O, generation may be the cause of the considerable
changes in the brain catecholamine neurotransmitters
(dopamine and serotonin) in inebriated rats. Previous
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findings demonstrated that these radicals could lead to the
oxidation of dopamine and serotonin, which can result in
neurodegenerative illnesses including Parkinson’s and
Alzheimer's>.

The current study revealed that rats intoxicated with
fluoride exhibit a significant regression in serum levels of both
dopamine and serotonin. These findings were nearly similar to
the preliminary results reported that fluoride causes depletion
in both dopamine and serotonin levels®3. The regression in
serotonin level may be attributed to the conversion of
serotonin to melatonin to inhibit the oxidative stress caused
by fluoride exposure as melatonin is considered a powerful
antioxidant and serotonin and melatonin exist in proportion
to each other**. Moreover, administration of moringa causes
elevation in serum levels of both dopamine and serotonin as
compared to fluoride alone treated rats. Our findings were
in agreement with another study that found that
administration of moringa significantly elevated both
dopamine and serotonin in male rats intoxicated with cobalt
chloride®.

At the biochemical level, a-amylase hydrolyzes
carbohydrates into shorter molecules like maltose and
saccharides predominantly before glucose synthesis. This
enzymeis essential for the breakdown of starch and glycogen.
It is mainly produced in the salivary gland and pancreas
however, it is also found in other different organs®. In the
brain, a-amylase can be released by astrocytes and is
particularly linked to glycogen degradation involved in cell
reactivity’”. The present study showed an elevation in tissue
a-amylase level followed by oral administration of fluoride.
Our finding was in agreement with a previous study that
demonstrated that the activity of amylase after rinsing
with NaF was higher than after rinsing with distilled
water?s,

Moreover, administration of moringa extract lowered
a-amylase tissue level. Also, co-treatment with both fluoride
and moringa regressed a-amylase levels indicating protective
effect of moringa against fluoride toxicity. The present
discovery was consistent with the prior research by
Ademiluyi et a/*, which demonstrated that the extract
derived from moringa leaves effectively inhibits the activity of
a-amylase. This finding aligns with another study that has
shown the antioxidative and antidiabetic properties of tannins
found in moringa. These properties are believed to arise from
thetannins’ capacity to bind with carbohydrates and proteins,
leading to the suppression of digestive enzymes such as
a-amylase®.
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According to a recent study, acetylcholinesterase (AChE),
is an enzyme that breaks down acetylcholine at synaptic
junctions, controlling how nerve signals and impulses are
transmitted®'. This may eventually result in the oxidation of
serotonin  and  dopamine, which may cause
neurodegenerative diseases including Parkinson’s and
Alzheimer’s disease®2. Administration of fluoride causes a
significant elevation in tissue AChE level as compared to the
control. This finding was in the same line with the earlier
results found that fluoride causes a significant elevation in
AChE in fluoride exposed animals®2. This increment may be
due to theinterconnection between fluoride and two or more
hydrogen donors needed to stimulate the enzyme®3.

Preliminary findings demonstrated that supplementation
with antioxidants like whey protein extract regresses
serum AChE levels in elderly rat brain, indicating that
supplementation with antioxidants may enhance the
antioxidant potential®. The present study finding revealed
that the administration of moringa extract causes a reduction
in AChE level. This finding shows that supplementation with
moringa, as it has many antioxidants, may effectively prevent
the effect of fluoride on some enzymes and maintain them
near to the normal level.

Regarding inflammation, it is well-known that both
people and animals may benefit from inflammation®.
Numerous factors, including microorganisms, damaged cells
and toxic substances, can cause it%. According to preclinical
research, fluoride poisoning is linked to an inflammatory
response in mouse testicles’’. Moreover, the group that
received fluoride treatment had a substantial increase in the
expression of the pro-inflammatory marker IL-6. The obtained
result was consistent with other findings which indicated that
fluoride has the potential to induce the production of the
pro-inflammatory marker IL 6 in the brain of rats®. Moreover,
preclinical studies have demonstrated that neuroinflammation
and release of pro-inflammatory cytokines are accompanied
by cognitive impairment like Alzheimer disease®. The
production of these cytokines is predominantly attributed to
the activation of monocytes, macrophages and T cells and
they play a crucial role in the control of the inflammatory
response’. The release of these cytokines is initiated by
activated microglial cells, potentially resulting in tissue injury
and brain cell destruction”. On the other hand, Moringa
oleifera leaves, which are considered a natural product,
have many antioxidants that succeeded in the reduction of
inflammatory effect and regression of IL 6 pro-inflammatory
marker’2, Moreover, bioactive extract of moringa might
effectively suppress iNOS and COX-2 protein expression as
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well as inhibit the production of Por-inflammatory cytokines
like IL-6, IL 1B, TNF-a”3, this was in agreement with the
preceding outcomes. These findings were in parallel with our
results thatfound a significantregression in pro-inflammatory
marker IL6 in moringa treated groups.

Oxidative stress arises from the disparity between the
generation of reactive oxygen species (ROS) and the efficacy
of antioxidant enzymes. Superoxide dismutase (SOD) and
catalase (CAT) are the primary antioxidant enzymes in
biological systems’. Polyunsaturated fatty acids eventually
produce malondialdehyde (MDA) as an end product and it is
the most accurate ROS” indicator. Furthermore, it has been
shown that heightened levels of oxidative stress have the
potential to trigger the apoptotic cell death pathway, leading
to the occurrence of neurodegeneration’, Preclinical studies
demonstrated that fluoride intake may cause oxidative stress
and release free radicals in various biological systems?”’.
Activities of superoxide dismutase (SOD), catalase (CAT) and
malondialdehyde (MDA) activities serve as indicators of the
oxidative state present in both tissue and blood. The findings
of this research indicated that the levels of antioxidant
enzymes SOD and CAT in the blood of rats exposed to fluoride
were lowered, resulting in a diminished capacity to scavenge
reactive oxygen species (ROS). Moreover, the heightened
concentration of MDA signifies a significant production of free
radicals. Additionally, the increased level of MDA indicates a
high level of free radicals’ generation. These results were in
parallel with previous studies, which explained that fluoride
caused regression in the activity of antioxidant enzymes SOD
and CAT in addition to increased production of MDA in rat
brain’8. Another study demonstrated that maternal exposure
to fluoride during pregnancy and lactation regressed the
activity of CAT enzyme in the prefrontal cortex, the striatum
and the hippocampus”.

Furthermore, moringa has powerful antioxidantactivities,
according to the results of the current investigation, treating
rats with moringa reverses the negative effects of fluoride
intoxication on the activity of antioxidant enzymes and lipid
peroxidation by considerably raising blood levels of SOD
and CAT while lowering levels of MDA. These findings
corroborated earlier research that showed moringa reduced
the lipid peroxidation biomarker MDA while increasing the
activity of the antioxidant enzymes SOD and CAT®. According
to preclinical research reported that the phytoconstituents in
leaves extract, such as flavonoids, polyphenols, ellagic acid,
quercetin, apigenin and tannins, can inhibit oxidases,
scavenge free radicals and increase the activity of antioxidant
enzymes®.
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Moreover, DNA fragmentation may be brought on by
excessive ROS generation and an imbalance between the
antioxidant defense system’s ability to combat free radicals®.
Oxidative stress causes DNA damage to the cells via directly
and indirect ways inducing breaks in the double strands of
DNA. It was stated that fluoride may induce DNA
fragmentation of hepatic cells®. Current study findings
demonstrated the ability of fluoride to cause cerebellum DNA
damage as shown in comet assay results, these results go in
the same hand with other studies indicating the oxidative
damage of DNA in the brain of mice intoxicated with
fluoride®. On the other hand, co-administration of both
fluoride and moringa showed a marked reduction in
cerebellum DNA damage which was parallel to a previous
report by Omotoso et al®. This may be due to the
antioxidative properties of moringa that restore cerebellum
DNA integrity.

In the current study, cerebellar damage was found in
pregnant rats intoxicated with fluoride. Exposure of
cerebellum to fluoride causes multifocal necrosis in cerebral
folium, degenerated granular layer, reactive glial cells,
necrotized Purkinje cells, necrotic and pyknotic granular cells
as well as fluoride ion deposition. This finding was consistent
with other studies that showed fluoride’s ability to produce
considerable abnormalities in the cerebellum, as seen by the
neurons’ multifocal shrinkage, eosinophilia and pyknotic
changes*'.In addition, it showed degeneration in the Purkinje
cells, neuronal injury appeared along with gliosis as well as
degeneration of neurons in the Purkinje layer. Preclinical
studies demonstrated that fluoride could accumulate in the
brain, increasing free radicals and peroxidation levels as well
as causing oxidative stress that leads to neurotoxicity and
resulting in neuronal damage®.

However, treatment with moringa leaves improves
cerebellar structure in the form of reduction of pyknotic
basophilicappearance of granule cells and normal appearance
of Purkinje cells. These findings were in collaboration with
preclinical outcomes?” reported that Moringa oleifera
administration prevented acute apoptosis and chromatolysis
in cerebellar cortex of rats treated with nicotine as well as
alleviated locomotive deficits observed in nicotine treated rats.
Similar observations revealed the capability of moringa to
prevent neuronal cell damage through enhancing the
antioxidant capacity of neuronal cells®. These findings
explained that Moringa oleifera aqueous extract can
ameliorate the histopathological changesinduced by fluoride
as well as improving cerebellar bioactivities by co-treatment

645

of both moringa and fluoride indicating the synergistic effect
of moringa against fluoride toxicity.

In the current study, immunohistochemical staining of
GFAP showed significant elevation in glial fibrillary acidic
protein expression in fluoride treated rats. The GFAP is
regarded as a type lll intermediate filament protein that
preserves astrocyte mechanical strength. The increment in
GFAP expression has been reported as a neurotoxicity
marker®. This result was in parallel with with previous study
which demonstrated the rise of GFAP-positive cells caused by
fluoride. Moreover, GFAP was known as a specific marker of
mature astrocytes in the Central Nervous System (CNS)?’.

The GFAP expression is crucial for healthy white matter
architecture and blood-brain barrier integrity. As astrocytes
respond quickly to any neurotoxic insult by manufacturing
numerous neurotoxic chemicals and more GFAP, which was
described as a marker protein for astrogliosis, the rise in GFAP
expression indicates the harmful effect on the CNS*9',

On the contrary, fluoride causes a significant reduction
in synaptophysin immunoreactivity. This result was also
confirmed by the morphometric analysis, as there was a
significant regression in synaptophysin expression in
fluoride-treated group. Synaptophysin, which is considered a
specific biomarker for synapses in mammals®?, is affected by
fluoride. These results were in agreement with the previous
report which explained that fluoride causes a reduction in the
expression of synaptophysin®.

Previous research has shown that a reduction
synaptophysin expression is linked to impaired learning and
memory in animals®. This finding was consistent with another
study thatfound a decrease in pre-synaptic proteins, including
synaptophysin, following exposure to sodium fluoride. This
decline in synaptophysin levels may adversely affect synaptic
function, which is believed to play a crucial role in the
formation of Central Nervous System (CNS) lesions following
fluoride exposure. Preliminary findings stated that faint
synaptophysin  reactivity indicates abnormal axon
transmission and impaired synaptic function leading to
cognitive deficits, the diminished expression of synaptophysin
may be due to the possible inhibition of synaptophysin
protein biosynthesis via DNA fragmentation®. Furthermore,
the administration of moringa exhibits a significant
regression in GFAP expression, indicating the antioxidant
capacity of moringa against fluoride neurotoxicity. Strikingly,
moringa treatment showed diminished expression of
immunohistochemical GFAP in rats intoxicated with

in

aluminum?.
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According to preliminary research, Moringa oleifera
extract acts as a neuroprotective support and normalizes
GFAPY. Moreover, these findings suggested that moringa
could suppress the expression of GFAP via the antioxidant
capability present in it. On the other hand, moringa
treatment causes a significant elevation in synaptophysin
immunostaining as well as increased the area of
synaptophysin expression in moringa-only treated rats or
along with fluoride. This result was in the same line with the
earlier results stated that Moringa oleifera has a recovery
effect on synaptic proteins like synaptophysin and this could
beattributed to the anti-inflammatory, antioxidative as well as
neuroprotective properties®. Accordingly, the antioxidant
properties of moringa are reflected in the
immunohistochemical staining of rat cerebellar cortex as it
may prevent the adverse effects induced by fluoride
toxicity.

In the present study, structural alterations in the
cerebellum of rats treated with fluoride were assessed
using a transmission electron microscope. The cerebellar
cortex of fluoride-treated group revealed features of
neurodegeneration as the Purkinje layer in fluoride-treated
group shows apoptotic Purkinje cells with an atrophied
pyknotic nucleus and dimpled envelope. Furthermore,
cytoplasmic ultrastructure exhibits changes in cytoplasm,
dilation in RER and many dark lysosomes with multiple sizes.
Alrafiah? established the connection between fluoride and
oxidative stress by demonstrating how fluoride causes the
nuclear membrane to fold inward and other cytoplasmic
alterations. Moreover, the appearance of disrupted nerve
fibers, destructed neuronal granulocytes and neuropil
vacuolation indicate neuronal loss. These findings were in
agreement with previous results and explained that fluoride
causes disruption of myelination inrat cerebellar cortex as well
as neuronal injury®. According to another research, this may
be explained by changes in the myelin basic protein that
result from membrane damage and axonal degeneration
following exposure to hazardous substances'®,

Furthermore, microglial cells appeared influoride treated
rats as well and endothelial wall was thickened, confirming
another study conducted with?. In addition to their primary
role as scavenger cells, activated microglial cells can perform
a variety of additional tasks, including immune response
induction, neuronal degeneration and tissue healing.
Microglial activation may sustain chronic inflammation leading
to neuronal dysfunction and cell death™.

In this study, the group treated with moringa extract
reduced the severity of cerebellar alterations seen in the
fluoride treated group. This agreed with a previous study that
pointed out that treatment with Moringa oleifera reversed
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most of the pathological changes induced by lead toxicity,
indicating that moringa acts as a neuroprotective agent due
to its capability to inhibit NO and MDA production'?
Interestingly, the combined approach of moringa extract
together with fluoride showed a remarkable improvement in
the ultrastructure of the cerebellum after being destroyed by
the administration with fluoride alone.

CONCLUSION

The aqueous extract of moringa has been found to
have a substantial beneficial impact on enzymatic levels,
hormonal balance, oxidative inflammatory stress, GFAP and
synaptophysin levels in cerebellar tissue of pregnant mothers
after fluoride intoxication. This improvement was also
reflected in the histoarchitecture and ultrastructure of the
tissue. Additionally, the extract has shown to enhance
maternity evaluation. According to these findings, itis strongly
advised to consume herbal remedies, particularly moringa
extract, to minimize daily fluoride intoxication, especially in
pregnant women.

SIGNIFICANCE STATEMENT

In this study, the adverse effect of fluorinated
compounds on the cerebellum of pregnant mothers was
investigated and the beneficial role of moringa extract at the
end of the gestation period: Biochemically, pathologically,
immunohistochemically, ultrastructurally and teratologically.
Ourfindings give hope for pregnant mothers to overcome the
toxicological effect of fluoride during the gestation period on
their cerebellar tissue and fetuses.

REFERENCES

Yassine, H., C. Weber, N. Brugger, J. Woéllenstein and
K. Schmitt, 2023. Towards a miniaturized photoacoustic
detector for the infrared spectroscopic analysis of SO,F, and
refrigerants. Sensors, Vol. 23. 10.3390/523010180.

Marinho, V.C.C, L.Y. Chong, H.V. Worthington and T. Walsh,
2016. Fluoride mouthrinses for preventing dental caries in
children and adolescents. Cochrane Database Syst. Rev.,
Vol.7.10.1002/14651858.CD002284.pub?2.

Dharmaratne, R.W.,2019. Exploring the role of excess fluoride
in chronic kidney disease: A review. Hum. Exp. Toxicol.,
38:269-279.

Zuo, H., L. Chen, M. Kong, L. Qiu and P. L et a/, 2018. Toxic
effects of fluoride on organisms. Life Sci., 198: 18-24.
Perumal, E., V. Paul, V. Govindarajan and L. Panneerselvam,
2013. A brief review on experimental fluorosis. Toxicol. Lett.,
223:236-251.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pak. J. Biol. 5ci, 26 (12): 628-650, 2023

Flora, S.J.S. and S.K. Tandon, 1990. Beneficial effects of zinc
supplementation during chelation treatment of lead
intoxication in rats. Toxicology, 64: 129-139.

Boshtam, M., S. Asgary, S. Kouhpayeh, L. Shariati and
H. Khanahmad, 2017. Aptamers against pro-and
anti-inflammatory cytokines: A review. Inflammation,
40: 340-349.

Luo, Q., H. Cui, H. Deng, P. Kuang and H. Liu et a/, 2017.
Sodium fluoride induces renal inflammatory responses
by activating NF-«xB signaling pathway and reducing
anti-inflammatory cytokine expression in mice. Oncotarget,
8:80192-80207.

Chen, L., P. Kuang, H. Liu, Q. Wei and H. Cui et a/, 2019.
Sodium fluoride (NaF) induces inflammatory responses via
activating MAPKs/NF-xB signaling pathway and reducing
anti-inflammatory cytokine expression in the mouse liver.
Biol. Trace Elem. Res., 189: 157-171.

Weston, C.R.and R.J. Davis, 2002. The JNK signal transduction
pathway. Curr. Opin. Genet. Dev., 12: 14-21.

Wei, Q. H. Deng, H. Cui, J. Fang and Z. Zuo et a/, 2018. A mini
review of fluoride-induced apoptotic pathways. Environ. Sci.
Pollut. Res., 25: 33926-33935.

Basha, P.M. and N. Madhusudhan, 2010. Pre and post natal
exposure of fluoride induced oxidative macromolecular
alterations in developing central nervous system of rat
and amelioration by antioxidants. Neurochem. Res.,
35:1017-1028.

Freni, S.C., 1994. Exposure to high fluoride concentrations in
drinking water is associated with decreased birth rates.
J. Toxicol. Environ. Health, 42: 109-121.

Jellinger, K.A.,2010. Basic mechanisms of neurodegeneration:
A critical update. J. Cell. Mol. Med., 14: 457-487.

Flora, SJ.S., M. Mittal, V. Pachauri and N. Dwivedi, 2012.
A possible mechanism for combined arsenic and fluoride
induced cellular and DNA damage in mice. Metallomics,
4:78-90.

Niu, R, Z. Sun, Z. Cheng, Z. Li and J. Wang, 2009. Decreased
learning ability and low hippocampus glutamate in
offspring rats exposed to fluoride and lead. Environ. Toxicol.
Pharmacol., 28: 254-258.

Natarajan, S., K.P. Shunmugiah and P.D. Kasi, 2013. Plants
traditionally used in age-related brain disorders (dementia):
An ethanopharmacological survey. Pharm. Biol., 51: 492-523.
Mbikay, M., 2012. Therapeutic potential of Moringa oleifera
leaves in chronic hyperglycemia and dyslipidemia: A review.
Front. Pharmacol., Vol. 3. 10.3389/fphar.2012.00024.
Farooq, F., M. Rai, A. Tiwari, A.A. Khan and S. Farooq, 2012.
Medicinal properties of Moringa oleifera. An overview of
promising healer. J. Med. Plants Res., 6: 4368-4374.
Grandjean, P., 2019. Developmental fluoride neurotoxicity:
An updated review. Environ. Health, Vol. 18.
10.1186/512940-019-0551-x.

647

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sutalangka, C., J. Wattanathorn, S. Muchimapura and
W.Thukham-mee, 2013. Moringa oleifera mitigates memory
impairment and neurodegeneration in animal model of
age-related dementia. Oxid. Med. Cell. Longevity, Vol. 2013.
10.1155/2013/695936.

Ganguly, R, R. Hazra, K. Ray and D. Guha, 2005. Effect of
Moringa oleifera in experimental model of Alzheimer's
disease: Role of antioxidants. Ann. Neurosci., 12: 33-36.
AlRawashdeh, N.Q., .M. AlRawashdeh and T.M. AlZghoul,
2016. Amino acids and mineral composition analysis of
Moringa peregrina Forssk (Fiori) in Jordan. ARPN J. Agric. Biol.
Sci., 11:175-179.

K.H. El-Kholy, S.A. Barakat, W.A. Morsy, K. Abdel-Maboud,
M.l. Seif-Elnaser and M.N. Ghazal, 2018. Effect of aqueous
extract of Moringa oleifera leaves on some production
performance and microbial ecology of the gastrointestinal
tract in growing rabbits. Pak. J. Nutr., 17: 1-7.

Pfaffl, M\W., 2001. A new mathematical model for relative
quantification in real-time RT-PCR. Nucleic Acids Res.,
29: e45-e45.

Giovannelli, L., A. Cozzi, |. Guarnieri, P. Dolara and F. Moroni,
2002. Comet assay as a novel approach for studying DNA
damage in focal cerebral ischemia: Differential effects of
NMDA receptor antagonists and poly(ADP-Ribose)
polymerase inhibitors. J. Cereb. Blood Flow Metab.,
22:697-704.

Alrafiah, A.R., 2021. Secondary cerebellar cortex injury in
albino male rats after MCAO: A histological and biochemical
study. Biomedicines, Vol. 9. 10.3390/biomedicines9091267.
Abd-Allah, E.R. and H.A. Abd EI-Rahman, 2023. Ameliorative
effects of nano Moringa on fluoride-induced testicular
damage via down regulation of the StAR gene and
altered steroid hormones. Reprod. Biol, Vol. 23.
10.1016/j.repbio.2022.100724.

Kanduti, D., P. Sterbenk and B. Artnik, 2016. Fluoride:
A review of use and effects on health. Materia Socio-Med.,
28:133-137.

Chen, R, L.D. Zhao, H. Liu, HH. Li and C. Ren et al, 2017.
Fluorideinduces neuroinflammationand alters Wntsignaling
pathway in BV2 microglial cells.Inflammation, 40: 1123-1130.
Fina,B.L, M.Lombarte, J.P.Rigalliand A.Rigalli,2014. Fluoride
increases superoxide production and impairs the respiratory
chain in ROS 17/2.8 osteoblastic cells. PLoS ONE, Vol. 9.
10.1371/journal.pone.0100768.

Ran, S., N.Sun,Y.Liu, W. Zhang and Y. Li et a/, 2017. Fluoride
resistance capacity in mammalian cells involves complex
global gene expression changes. FEBS Open Bio, 7: 968-980.
Castiblanco-Rubio, G.A., T.V. Mufioz-Rocha, M.M. Téllez-Rojo,
AS. Ettinger and A. Mercado-Garcia et a/, 2022. Dietary
influences on urinary fluoride over the course of pregnancy
and at one-year postpartum. Biol. Trace Elem. Res.,
200: 1568-1579.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Pak. J. Biol. 5ci, 26 (12): 628-650, 2023

Gao, Q., Z. Wei, Y. Liu, F. Wang and S. Zhang et al, 2022.
Characterization, large-scale HSCCC separation and
neuroprotective effects of polyphenols from Moringa oleifera
leaves. Molecules, Vol. 27. 10.3390/molecules27030678.
Atawodi, S.E., J.C. Atawodi, G.A. Idakwo, B. Pfundstein and
R.Haubner et a/, 2010. Evaluation of the polyphenol content
and antioxidant properties of methanol extracts of the leaves,
stem and root barks of Moringa oleifera Lam. J. Med. Food,
13:710-716.

Sreelatha, S. and P.R. Padma, 2009. Antioxidant activity and
total phenolic content of Moringa oleifera leaves in two
stages of maturity. Plant Foods Hum. Ntur., 64: 303-311.
Anwar, F., S. Latif, M. Ashraf and AH. Gilani, 2007.
Moringa oleifera: A food plant with multiple medicinal uses.
Phytother. Res., 21: 17-25.

Nurdin, M., AlA. Thahir and V. Hadju, 2018.
Supplementations on pregnant women and the potential of
Moringa oleifera supplement to prevent adverse pregnancy
outcome. Int. J. Sci. Healthcare Res., 3: 71-75.

Owolabi, J.O. and P.O. Ogunnaike, 2014. Histological
evaluation of the effects of Moringaleaf extract treatmenton
vital organs of murine models. Med. Med. Sci., 2: 245-257.
Ganguly, R. and D. Guha, 2008. Alteration of brain
monoamines & EEG wave pattern in rat model of Alzheimer’s
disease & protection by Moringa oleifera. Indian J. Med. Res.,
128:744-751.

Sharma, P., P.K. Verma, S. Sood, R. Singh, A. Gupta and
A.Rastogi, 2022. Distribution of fluoride in plasma, brain, and
bones and associated oxidative damage after induced
chronic fluorosis in Wistar rats. Biol. Trace Elem. Res.,
200:1710-1721.

Adighije, N.K,, l.A. Ekerete and M. Ekong, 2020. Effect of
Moringa oleifera Lam.leaf extractagainstaluminium chloride
induced hippocampal histology and serum enzyme activities
in adult Wistar rats. Int. J. Med. Surg. Sci., 7: 61-74.

Aremu, A, E.l. Kingsley, B.K. Talha, A.O. Akeem, R.A. Ibrahim,
A.G. Jimoh and S.K. Yusuf, 2018. Methanolic leaf extract of
Moringa oleifera improves the survivability rate, weight gain
and histopathological changes of Wister rats infected with
Trypanosoma brucei. Int. J. Vet. Sci. Med., 6: 39-44.

Djouadi, A. and S. Derouiche, 2022. Assessment of
hematological profile and oxidative stress status in sodium
fluoride induced anemia and kidney disorder in rats.
Curr. Trends Biotechnol. Pharm., 16: 365-372.

Adeyemi, O.S. and T.C. Elebiyo, 2014. Moringa oleifera
supplemented diets prevented nickel-induced
nephrotoxicity in Wistar rats. J. Nutr. Metab., Vol. 2014.
10.1155/2014/958621.

Mansour, S.A., R.I. Mohamed, A.R. Aliand A.R.H. Farrag, 2018.
The protective effect of moringa tea against
cypermethrin-induced hepatorenal dysfunction, oxidative
stress, and histopathological alterations in female rats.
Asian J. Pharm. Clin. Res., 11: 111-117.

648

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Kumar, T.R., Y. Wang, N. Lu and M.M. Matzuk, 1997. Follicle
stimulating hormone is required for ovarian follicle
maturation but not male fertility. Nat. Genet., 15: 201-204.
Hunter, M.G., R.S. Robinson, G.E. Mann and R. Webb, 2004.
Endocrine and paracrine control of follicular development
and ovulation rate in farm species. Anim. Reprod. Sci.,
82:461-477.

Shashi, A. and P. Kaushal, 2020. Curative effects of curcumin
on gonadotropin and steroid hormones in female rats
exposed to fluoride toxicity. Br. J. Med. Health Sci., 2: 420-427.
Badraoui, R., N.B. Abdelmoula, N. Feki, H.B. Nasr and T. Rebai,
2010. Endocrine disruption and ovarian morphometric
responses in rats following exposure to tetradifon.
Gen. Comp. Endocrinol., 166: 268-272.

Zeng, B, J.Luo, P.Wang, L. Yang and T. Chen et a/, 2019. The
beneficial effects of Moringa oleifera leaf on reproductive
performance in mice. Food Sci. Nutr., 7: 738-746.

Burke, WJ, SW. Li, HD. Chung, D.A. Ruggiero and
B.S. Kristal et a/, 2004. Neurotoxicity of MAO metabolites of
catecholamine neurotransmitters: Role in neurodegenerative
diseases. NeuroToxicology, 25: 101-115.

Hassan, H.A., H.M. Serage and W. Gad, 2015. Black berry juice
attenuates neurological disorders and oxidative stress
associated with concurrent exposure of aluminum and
fluoride in male rats. Egypt. J. Basic Appl. Sci., 2: 281-288.
Kumar, S., 2002. Aluminium-induced changes in the rat brain
serotonin system. Food Chem. Toxicol., 40: 1875-1880.
Mohamed, A.A.R., M.M.M. Metwally, S.R.Khalil, G.A.Salem and
H.A. Ali, 2019. Moringa oleifera extract attenuates the CoCl,
induced hypoxia of rat’s brain: Expression pattern of
HIF-1a, NF-xB, MAO and EPO. Biomed. Pharmacother.,
109: 1688-1697.

Whitten, R.O., W.L. Chandler, M.G. Thomas, K.J. Clayson and
J.S. Fine, 1988. Survey of alpha-amylase activity and
isoamylases in autopsy tissue. Clin. Chem., 34: 1552-1555.
Yeong, K.Y.,, W.N. Chen and K.S. Tang, 2022. Potential roles of
a-amylasein Alzheimer's disease: Biomarker and drug target.
Curr. Neuropharmacol., 20: 1554-1563.

dos Santos, V.RIN., M.KM. Ferreira, L.O. Bittencourt,
P.F.S. Mendes and D. Souza-Monteiro et al, 2022. Maternal
fluoride exposure exerts different toxicity patterns in parotid
and submandibular glands of offspring rats. Int. J. Mol. Sci.,
Vol. 23.10.3390/ijms23137217.

Ademiluyi, A.O., O.H. Aladeselu, G. Oboh and A.A. Boligon,
2018. Drying alters the phenolic constituents, antioxidant
properties, o-amylase, and o-glucosidase inhibitory
properties of Moringa (Moringa oleifera) leaf. Food Sci. Nutr.,
6:2123-2133.

Kunyanga, CN., JK. Imungi, M. Okoth, C. Momanyi,
H.K. Biesalski and V. Vadivel, 2011. Antioxidant and
antidiabetic properties of condensed tannins in acetonic
extract of selected raw and processed indigenous food
ingredients from Kenya. J. Food Sci., 76: C560-C567.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Pak. J. Biol. 5ci, 26 (12): 628-650, 2023

Afrin, S., A. Hossain and S. Begum, 2022. Effects of Moringa
oleifera on working memory: An experimental study with
memory-impaired Wistar rats tested in radial arm maze.
BMC Res. Notes, Vol. 15. 10.1186/513104-022-06219-5.
Ashani, Y., O. Segev and A. Balan, 2004. The effect of
fluoride on the scavenging of organophosphates by human
butyrylcholinesterase in buffer solutions and human plasma.
Toxicol. Appl. Pharmacol., 194: 90-99.

Anand, P. and B. Singh, 2013. Synthesis and evaluation
of substituted 4-methyl-2-oxo0-2H-chromen-7-yl phenyl
carbamates as potent acetylcholinesterase inhibitors and
anti-amnestic agents. Med. Chem., 9: 694-702.

El-Beeh, M.E, A.A. El-Badawi, AH. Amin, S.H. Qari,
M.F. Ramadan, W.M. Filfilan and H.LH. El-Sayyad, 2022.
Anti-aging trait of whey protein against brain damage of
senile rats. J. Umm Al-Qura Univ. Appl. Sci., 8: 8-20.

Beyer, I, T. Mets and |. Bautmans, 2012. Chronic low-grade
inflammation and age-related sarcopenia. Curr. Opin. Clin.
Nutr. Metab. Care, 15: 12-22.

Zhang, S., C. Jiang, H. Liu, Z. Guan and Q. Zeng et a/, 2013.
Fluoride-elicited developmental testicular toxicity in rats:
Roles of endoplasmic reticulum stress and inflammatory
response. Toxicol. Appl. Pharmacol., 271: 206-215.

Wei, R, G. Luo, Z. Sun, S. Wang and J. Wang, 2016. Chronic
fluoride exposure-induced testicular toxicity is associated
with inflammatory response in mice. Chemosphere,
153:419-425.

Yan,N., Y. Liu, S.Liu, S. Cao, F. Wang, Z. Wang and S. Xi, 2016.
Fluoride-induced neuron apoptosis and expressions of
inflammatory factors by activating microglia in rat brain.
Mol. Neurobiol., 53: 4449-4460.

Cortese, G.P. and C. Burger, 2017. Neuroinflammatory
challenges compromise neuronal function in the aging brain:
Postoperative cognitive delirium and Alzheimer’s disease.
Behav. Brain Res., 322: 269-279.

Cardinaux, J.R, I. Allaman and P.J. Magistretti, 2000.
Pro-inflammatory cytokines induce the transcription factors
C/EBPB and C/EBPS in astrocytes. Glia, 29: 91-97.

Zhou, J., M.I. Fonseca, K. Pisalyaput and A.J. Tenner, 2008.
Complement C3 and C4 expression in Clq sufficient and

deficient mouse models of Alzheimer's disease.
J. Neurochem., 106: 2080-2092.
Bhondave, P.D., P.P. Devarshi, K.R. Mahadik and

AM. Harsulkar, 2014. “Ashvagandharishta’ prepared using
yeast consortium from Woodfordia fruticosa flowers exhibit
hepatoprotective effect on CCl, induced liver damage in
Wistar rats. J. Ethnopharmacol., 151: 183-190.
Olvera-Aguirre, G, M\M. Mendoza-Taco, D.N. Arcos-Alvarez,
A.T.Pifieiro-Vazquez and V.M. Moo-Huchin et a/, 2020. Effect
of feeding lactating ewes with Moringa oleifera leaf extract
onmilkyield, milk composition and preweaning performance
of ewe/lamb pair. Animals, Vol. 10. 10.3390/ani10071117.

649

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Dec, K., A. tukomska, D. Maciejewska, K. Jakubczyk and
|. Baranowska-Bosiacka et a/, 2017. The influence of fluorine
on the disturbances of homeostasis in the central nervous
system. Biol. Trace Elem. Res., 177:224-234.

Akdemir, F.N.E., M. Albayrak, M. Calik, Y. Bayir and I. Gulcin,
2017.The protective effects of p-coumaricacid on acute liver
and kidney damages induced by cisplatin. Biomedicines,
Vol. 5. 10.3390/biomedicines5020018.

Kim, G.H., J.E. Kim, S.J. Rhie and S. Yoon, 2015. The role
of oxidative stress in neurodegenerative diseases.
Exp. Neurobiol., 24: 325-340.

Barbier, O., L. Arreola-Mendoza and L.M. del Razo, 2010.
Molecular mechanisms of fluoride toxicity. Chem. Biol.
Interact., 188:319-333.

Nabavi, S.F, S.M. Nabavi, AM. Latifi M. Mirzaei,
S.Habtemariam and A.H. Moghaddam, 2012. Mitigating role
of quercetin against sodium fluoride-induced oxidative stress
in the rat brain. Pharm. Biol., 50: 1380-1383.

Bartos, M., F. Gumilar, C.E. Gallegos, C. Bras, S. Dominguez,
L.M. Cancelaand A. Minetti, 2019. Effects of perinatal fluoride
exposure on short-andlong-term memory, brain antioxidant
status, and glutamate metabolism of young rat pups.
Int. J. Toxicol., 38: 405-414.

Hegazi,M.A.M.and .AK. Elebshany, 2019. Ameliorative effect
of Moringa oleifera on oxidative stress in male albino rat
brain promoted by aluminium exposure. Nat. Sci., 17:92-100.
Lugmans, S., S. Srivastava, R. Kumar, AK. Maurya and
D. Chanda, 2012. Experimental assessment of Moringa
oleifera leaf and fruit for its antistress, antioxidant, and
scavenging potential using /in vitro and in vivo assays.
Evidence-Based Complementary Altern. Med., Vol. 2012.
10.1155/2012/519084.

Radi, E., P. Formichi, C. Battisti and A. Federico, 2014.
Apoptosis and oxidative stress in neurodegenerative
diseases. J. Alzheimer’s Dis., 42: S125-S152.

Cao, J., J. Chen, J. Wang, R. Jia, W. Xue, Y. Luo and X. Gan,
2013. Effects of fluoride on liver apoptosis and Bcl-2, Bax
protein expression in freshwater teleost, Cyprinus carpio.
Chemosphere, 91: 1203-1212.

Flora, S.J.S., M. Mittal and D. Mishra, 2009. Co-exposure to
arsenic and fluoride on oxidative stress, glutathione linked
enzymes, biogenicamines and DNA damage in mouse brain.
J. Neurol. Sci., 285: 198-205.

Omotoso, G.O., RM. Kolo, T. Afolabi, R. Jaji-Sulaimon and
I.T. Gbadamosi, 2018. Moringa oleifera ameliorates
histomorphological changes associated with cuprizone
neurotoxicity in the hippocampal Cormu ammonis (CA) 3
region. Niger. J. Physiol. Sci., 33: 95-99.

Nalagoni, C.S.R. and P.R. Karnati, 2016. Protective effect of
resveratrol against neuronal damage through oxidative stress
in cerebral hemisphere of aluminum and fluoride treated rats.
Interdiscip. Toxicol., 9: 78-82.



87.

88.

89.

90.

ot

92.

93.

94,

Pak. J. Biol. 5ci, 26 (12): 628-650, 2023

Omotoso, G.O., ILT. Gbadamosi, O.J. Olajide,
S.0. Dada-Habeeb, T.T. Arogundade and E.O. Yawson, 2018.
Moringa oleifera phytochemicals protect the brain
against experimental nicotine-induced neurobehavioral
disturbances and cerebellar degeneration. Pathophysiology,
25:57-62.

Gbadamosi, 1T, G.O. Omotoso, 0O.J. Olajide,
S.0.Dada-Habeeb, T.T. Arogundade, E. Lambe and K.K. Obasi,
2016. Moringa protects against nicotine-induced
morphological and oxidative damage in the frontal cortex of
Wistar rats. Anatomy, 10: 170-176.

O'Callaghan, J.P. and K. Sriram, 2005. Glial fibrillary acidic
protein and related glial proteins as biomarkers of
neurotoxicity. Exp. Opin. Drug Saf., 4: 433-442.

Li, D.R, T.Ishikawa, D. Zhao, T. Michiue, L. Quan, B.L. Zhu and
H. Maeda, 2009. Histopathological changes of the
hippocampus neurons in brain injury. Histol. Histopathol.,
24:1113-1120.

El-Khair, D.M.A., F.E.N.A. El-Safti, M.M. El-Habeby, W.B. El-Kholy
and N.M. EI-Sherif, 2016. Effect of sodium fluoride on the grey
matter of spinal cord in the albino rat and the protective role
of green tea extract. Anatomy, 10: 114-133,

Gordon, S.L. and M.A. Cousin, 2014. The sybtraps: Control of
synaptobrevin traffic by synaptophysin, a-synuclein and
AP-180. Traffic, 15: 245-254.

Ge, Y., L. Chen, Z. Yin, X. Song and T. Ruan et a/, 2018.
Fluoride-induced alterations of synapse-related proteins
in the cerebral cortex of ICR offspring mouse brain.
Chemosphere, 201: 874-883.

Schmitt, U, N. Tanimoto, M. Seeliger, F. Schaeffel and
R.E. Leube, 2009. Detection of behavioral alterations and
learning deficits in  mice lacking synaptophysin.
Neuroscience, 162: 234-243.

650

95.

96.

97.

98.

99.

100.

101.

102.

Ferrali, M., C. Signorini, L. Ciccoli, S. Bambagioni, V. Rossi,
A. Pompella and M. Comporti, 2000. Protection of
erythrocytes against oxidative damage and autologous
immunoglobulin G (IgG) binding by iron chelator
fluor-benzoil-pyridoxal hydrazone. Biochem. Pharmacol.,
59:1365-1373.

Ekong, M.B, MM. Ekpo, EO. Akpanyung and
D.U. Nwaokonko, 2017. Neuroprotective effect of Moringa
oleifera leaf extract on aluminium-induced temporal cortical
degeneration. Metab. Brain Dis., 32: 1437-1447.
Kirisattayakul, W. J.  Wattanathorn, T. Tong-Un,
S. Muchimapura, P. Wannanon and J. lJittiwat, 2013.
Cerebroprotective effect of Moringa oleifera against focal
ischemic stroke induced by middle cerebral artery occlusion.
Oxid. Med. Cell. Longevity, Vol. 2013. 10.1155/2013/951415.
Mahaman, Y.AR., F. Huang, M. Wu, Y. Wang and Z. Wei et al,
2018. Moringa oleifera alleviates homocysteine-induced
Alzheimer's  disease-like  pathology and cognitive
impairments. J. Alzheimer’s Dis., 63: 1141-1159.

El-Bestawy, EM., AM. Tolba and W.A. Rashad, 2022.
Morphological, ultrastructural, and biochemical changes
induced by sodium fluoride in the tongue of adult male
albino rat and the ameliorative effect of resveratrol.
Anat. Cell Biol., 55: 483-496.

Manzo, L., AF. Castoldi, T. Coccini and L.D. Prockop, 2001.
Assessing effects of neurotoxic pollutants by biochemical
markers. Environ. Res., 85: 31-36.

Vilhardt, F., 2005. Microglia: Phagocyte and glia cell.
Int. J. Biochem. Cell Biol., 37: 17-21.

Algahtani, W.S.and G. Albasher, 2021. Moringa oleifera Lam.
extract rescues lead-induced oxidative stress, inflammation,
and apoptosis in the rat cerebral cortex. J. Food Biochem.,
Vol. 45.10.1111/jfbc.13579.





