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INTRODUCTION

Excessive intake of fluoride
neuropathological changes and
abnormalities in humans and experimental animals.
Epidemiological evidence indicates that long-term

neurobehavioral

Qingging PUY%*, Jie DENG?3#, Ting ZHANG?3,
Xiaoxiao ZENG?3, Wenwen HE?4, Yangting DONG?3,
Wen WAN>, Kailin ZHANGY2"

ABSTRACT

Purpose: The aim of this study is to investigate whether exposure of fluoride
induces modification of the synaptic structure and metabolism in brain of
mice, as well as to reveal the related molecular mechanisms.

Methods: Thirty C57BL/6) mice with one-month-old were used in the
experiment. Fluoride (NaF) at the added concentrations of 0 (untreated as
normal control), 50 and 100 ppm in drinking water were administered to the
mice, respectively, for 3 months. At the end of the experiment, the occurrence
of dental fluorosis and fluoride contents in bone and urine, and brain
morphology of mice were examined. The synaptic structure of the brain was
detected by chemical staining. The protein and mRNA expressions of synaptic
activity-regulated  cytoskeletal-associated  protein  (Arc) and  N6-
methyladenosine (M6A)-related methyltransferase-like 3/14 (METTL3 and
METTL14) and fat mass and obesity-associated protein (FTO) were detected
by western blotting and real-time PCR, respectively.

Results: The results showed that in the mice exposed to fluoride, dental
fluorosis and increased fluoride contents in born and urine were found; the
abnormal histology and the decreased dendritic spines in the brain detected;
the protein expressions (but mRNAs) of Arc and METTL3 were decreased; no
significant changes in the protein and mRNA expressions of METTL14 and FTO
in brain; interestingly, the decrease in the protein level of Arc or METTL3 was
significantly correlated with the increase of fluoride content in urine caused
by fluoride exposure.

Conclusion: The results indicated that excessive fluoride intake caused
damage to the synaptic structure and reduction of Arc protein in the brain of
mice, which in mechanism might be involved to the decreased expression of
METTL3.

Keywords: Fluoride, Brain, Synapse, Arc, M6A modification, METTL3

with a dose-response relationship.> It has been
indicated that fluoride can be accumulated in brain by
crossing the blood-brain barrier, which results in
1 neurotoxicity and impairments in learning and
memory.* Importantly, fluoride exposure can lead to
neurological damage through various complex

can lead to

exposure of the population to a high-fluoride
environment can lead to cognitive impairment and
mental retardation.? Even lower levels of fluoride
exposure can affect children's mental development

mechanisms, including the disturbances in synaptic
transmission and synaptic plasticity, premature death
of neurons, deficits in neurotrophic and transcriptional
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factors, disrupted oxidative stress, metabolic changes
and inflammatory processes.’

Recent studies have shown that fluoride can induce
synaptic structural and functional changes, which can
impair the ability of learning and memory in animals.®
Synaptic structure injury is one of the important
mechanisms of central nervous system injury in chronic
fluorosis. Numerous animal experiments have
confirmed that fluoride exposure in rats reduces the
density of dendritic branches and spines in
hippocampal neurons, decreases neuron post-synaptic
density (PSD), and widens synaptic gaps, suggesting
weakened synaptic connections.” In addition, fluoride
exposure resulted in hyperphosphorylated AMP-
activated protein kinase and collapsin response-
mediator protein-2 in the hippocampus of rats, which
leads to synaptic damage.® This may be an important
cause of memory impairment in fluorosis, offering new
insights into the mechanism of fluoride-induced
neurotoxicity.

It is worth noting that activity-regulated
cytoskeleton-associated protein (Arc), a synapse-
specific immediate early gene, is linked to neurological
disorders like Alzheimer's Disease (AD), schizophrenia,
depression, autism, Angelman syndrome, and fragile X
syndrome.® The mRNA of Arc can rapidly move to
activate the dendrites of the neurons after induction
and then is translated into proteins localized at the
base of dendritic protrusions, which influences synaptic
plasticity by interacting with the neuronal skeleton.® In
addition, Arc influences actin stability and changes the
shape of neuronal dendritic spines by modifying cofilin
phosphorylation.?

Interestingly, the effects of N6-methyladenosine
(m6A) on mRNAs are mediated by a series of
progressively discovered m6A readers, writers and
erasers. The methyl group can be written on the
adenosine base at the nitrogen-6 position of the target
MRNA by methyltransferase-like 3/14 (METTL3 and
METTL14).12 Recent studies highlight m6A as crucial for
synaptic plasticity regulation. As the most common
modification in eukaryotic mRNAs and IncRNAs,
especially in the brain, m6A influences RNA functions-
transcription, splicing, localization, degradation,
translation, and transport-by modulating methylation-
dependent RNA-protein interactions.'® Recently, it was
found that fluoride induced gut microbiota alteration
mediates severe intestinal cell injury by inducing m6A
modification-mediated ferroptosis.*

Knockdown of YTH nucleic acid binding domain
containing 1 (YTHDF1), an RNA-binding protein that
plays a crucial regulatory role, in hippocampal neurons
causes synaptic dysfunction, including immature spine
morphology, impaired excitatory synaptic
transmission, reduced PSD-95, and decreased surface
expression of alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor subunit GluA1.%®

Fluoride exposure increased the m6A level of solute
carrier family 7 member 11 (SLC7A11) mRNA,
promoted YTHDF2 binding to m6A-modified SLC7A11
mMRNA, drove the degradation of SLC7A11 mRNA, and
led to a decrease in its protein expression, which
eventually triggers ferroptosis.* Similarly, METTL14
knockdown in striatal neurons lowers m6A levels in
transcripts related to neuron- and synapse-specific
proteins.'® A study indicated that AD mice exhibited
increased METTL3 and decreased Fat mass and obesity-
associated protein (FTO) in the hippocampus, leading
to abnormal mRNA m6A modifications affecting
dendritic and synaptic development and glutamate
receptor signaling.!’” This disruption in m6A balance
may be a key factor in synaptic dysfunction, but its role
in synaptic damage by chronic fluorosis remains
unexplored.

This study detected the effect of m6A-modified
enzymes on synaptic injury in mice with chronic
fluorosis. Our research results indicate that METTL3-
mediated m6A modification plays a role in fluoride-
induced synaptic injury, and Arc may be a potential
target.

MATERIALS AND METHODS
Experimental animals

Thirty C57BL/6J mice (clean grade), 15-25 g, were
provided by the Animal Experimental Center of
Guizhou Medical University in China. They were kept at
22-25°C with 30-55% humidity and acclimatized for one
week before treatment.

These mice were divided randomly into the
following three groups (5 males and 5 females each),
i.e., the untreated control group with tape drinking
water (<0.5 ppm fluoride), the small dose fluoride
group with drinking water containing 50 ppm fluoride
(NaF) and the high-dose fluoride group with 100 ppm
fluoride in their drinking water. All mice were fed with
standard laboratory chow ad libitum. Mice were
housed in stainless steel cages suspended in stainless
steel racks and the experiment period was 3 months.

At the end of the study, dental fluorosis was
observed and 24-hr urine collected. After collecting
urine from mice within 24 hrs and storing it at -80°C,
the mice were sacrificed by euthanasia. Parts of brain
tissues were preserved in Golgi stain fixing solution.
The right of remained hemispheres was kept in 4%
paraformaldehyde for morphological observation,
while hippocampal tissues from left hemispheres were
kept at -80°C for total RNA extraction and protein
analysis. The protocol of the animal study was pre-
approved by the Institutional Animal Care and Ethics
Committee of Guizhou Medical University, China
(Approval No: 2201322).
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Dental fluorosis observed and fluoride content in urine
and bone detected

Dental fluorosis was evaluated referring the Dean’s
method®® with white or pigmented bands (1), gray
enamel (Il) and even loss of tooth structure (lll). The
fluoride contents in urine and bone were determined
by using a CSB-FI fluoride ion electrode (Changsa
Analysis Instrumentation, China). In brief, the total
ionic strength adjustment buffer | (TISAB 1) was
prepared. Vertebrae from mice were dry-ashed by
utilizing a muffle furnace for 5 hrs at 550°C. The
resulting bone ash (20 mg) was mixed with 5 ml of 0.5
M HCI, then combined with TISAB. Urine sample was
centrifuged at 1500xg for 5 min and the supernatant
mixed with TISAB I. The above final solution was used
to measure the fluoride concentration by fluoride ion-
selective electrode.

Histopathological observations of mouse brain

The brain tissues were fixed with 4%
paraformaldehyde, embedded in paraffin, and sliced
with a thickness of 4 um. After that, the slices were
stained with hematoxylin and eosin (HE) for routine
pathological examination and with Nissl staining for
observing Nissl bodies under a light microscope. The
stained slices were scanned with a Digital tissue section
scanner (Pannoramic MIDI, 3D Histech, Hungary) and
the density of Nissl bodies were blind measured using
Image J software.

Golgi staining

The fresh brain tissues were rinsed with distilled
water to remove blood on the surface and submerged
into the Golgi staining fixative in the dark at room
temperature (RT) for 14 days. The fixative was changed
with the refreshed one after 48 hrs and then every 3
days. Subsequently, these samples were stored in
tissue treatment solution at 4°C for 3 days in the dark.
Later, brain sections (60 um) were cut using the
vibrating microtome, and gelatinized slides mounted
with the tissue treatment solution and dried at RT.
Finally, the slices were developed with Golgi developer
solution for 30 min and sealed with glycerin gelatin. The
stained slices were scanned, and the density of
dendritic spine and the number of branches were blind
measured using Image J software.

Immunohistochemical staining (IHC)

Paraffin-embedded brain sections were dewaxed in
xylol solution, and rehydrated and rinsed in PBS.
Antigen retrieval was performed by boiling in a citric
acid buffer (0.01 mol/l, pH 6.0), followed by incubation
with 5% goat serum for one hr at RT. The sections were
then incubated with the following primary antibodies:
METTL3 (1:200, Abcam, USA), METTL14 (1:800,

Proteintech, USA), FTO (1:500, Proteintech, USA), and
Arc (1:200, Abcam, USA) at 4°C overnight. After that,
the primary antibody was retrieved, and the slices were
rinsed 3 times with PBS and incubated with the
secondary antibody (1:400, Abcam, USA) for 30 min.
After washing the slices 3 times, DAB solution was
applied for color development, followed by rinsing with
water and drying. Sections were counterstained with
hematoxylin for 3 min, rinsed, dehydrated, sealed, and
imaged using a light microscope. The stained slices
were then scanned and measured for the optimal
density of the stained proteins using Image J software.

Western blotting

After extracting total proteins from the ipsilateral
hippocampal tissues using RIPA lysis buffer and
protease inhibitors (Thermo scientific, USA), the
protein concentrations were measured with a BCA
assay kit. A total of 30 ug of proteins were separated by
a 12% SDS-PAGE gel and transferred to PVDF
membranes. The membranes were blocked with 5%
skim milk and incubated with the primary antibodies at
4°C overnight. The primary antibodies used in this
experiment were as follows: anti-METTL3 (1:10000),
anti-METTL14 (1:10000), anti-FTO (1:2000,), anti-Arc
(1:10000) and anti-glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (1:20000, Proteintech, USA).
After washing, the membranes were incubated with
HRP-conjugated anti-mouse or anti-rabbit secondary
antibody (1:10000, Proteintech, USA) at RT for 60 min.
Finally, these membranes were incubated in ECL Plus
reagent for 5 min, and the signals were visualized by
exposure to GeneGnome XRQ NPC (SynGene, UK). The
results were analyzed using Image J software. The
expression levels of these detected proteins were
normalized to GAPDH, respectively.

Quantitative real-time PCR

Total RNAs from the ipsilateral side of the
hippocampal tissues were extracted using TRIzol
reagent (Thermo Scientifc, USA) following the
manufacturer’s protocol. cDNA was synthesized from 1
ug of total RNA using a cDNA Reverse Transcription Kit
(TransGen Biotech, China). The gRT-PCR conditions
were as follows: 95°C for 10 min and 40 cycles of 95°C
for 15 sec, 60°C for 10 min, and 95°C for 15 sec. Melting
curve analysis was conducted after the 40th
amplification cycle: 95°C for 15 sec, 60°C for 60 sec and
95°C for 15 sec. The qRT-PCR was performed using the
PerfectStart ® Green gPCR SuperMix (+Dye Il)
(TransGen Biotech, China) on the Step One Plus Real-
time PCR System (Applied Biosystems, USA). The
relative expression of the gene in each sample was
obtained by comparison to GAPDH and analyzed using
the 2-AACT method. The primer sequences for qRT-PCR
were listed in Table 1.
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Table 1. Primer sequences used for gRT-PCR

Gene Accession number

Primer Sequence (5'>3')

Product size (bp)

F: TTGCCATCTCTACGCCAGAT

METTL3 NM_019721.2 164
R: CATGGCAGACAGCTTGGAGT
F: GGACCTTGGGAGAGTATGCTTG

METTL14 NM_201638.2 165
R: ACGGTTCCTTTGATCCCCAT
F: GGACATCGAGACACCAGGATT

FTO NM_011936.2 302
R: GCCACTCAAACTCCACCTCAT
F: GTTGACCGAAGTGTCCAAGCAG

Arc NM_001276684.1 89
R: CGTAGCCGTCCAAGTTGTTCTC
F: GGTTGTCTCCTGCGACTTCA

GAPDH NM_001411841.1 183
R: TGGTCCAGGGTTTCTTACTCC

Statistical analysis other hand, the obviously reduced Nissl bodies in

SPSS software (version 27.0; SPSS, Inc., IL, USA) was
used for statistical analyses. All data were presented as

the mean+SEM at least three independent experiments.

Multiple comparisons between the treated groups and
the control were performed using one-way analysis of
variance (ANOVA) followed by the post hoc tests (LSD
or Tamhane's T2) for the normal distribution or the
Mann-Whitney U tests for the skewed distribution. The
correlations between the expression levels of Arc and
METTL3, as well as fluoride levels in urinary were
analyzed by Pearson correlation test. The statistical
significance was determined by considering P-values
below 0.05.

RESULTS

Establishment of the mouse model with chronic
fluorosis

After being exposed to fluoride for 3 months,
obvious dental fluorosis appeared in the mice (Figure
1A). The enamel transparency of mice in the group fed
with 50 ppm NaF decreased, presenting mild turbidity
and faintly visible white fine lines (I°). In the group with
100 ppm NaF, the teeth of mice were chalky, the
enamel lost its luster, and the overall shape was
abnormal (11°). In addition, the fluoride contents in the
bones (Figure 1B) and urine (Figure 1C) of mice with
fluoride exposure were significantly increased.

Moreover, HE and Nissl staining of brain tissues
were used to assess the neuropathological condition of
the mice exposed to fluoride. In the hippocampal
regions of mice with HE staining of the control group,
the regular arrangement of neurons was presented,
whereas in the fluoride exposed groups, the loose
disordered arrangement of neurons with shrunken and
deep staining nuclei were observed (Figure 1D). On the

neurons were observed in the hippocampus of mice
with fluoride exposure compared to controls (Figure
1E).

Impaired synaptic structure and related proteins in
mouse brain exposed to fluoride

In fluoride exposed mice, the neurons in the
hippocampus had significantly lower density of
dendritic spine (Figure 2A and B) and fewer numbers of
dendritic branches (Figure 2C-E) as compared to
controls. However, no notable change in dendritic
spine or dendritic branch were observed between the
50 ppm and 100 ppm fluoride exposed groups (Figure
2).

The IHC staining results showed that Arc was
primarily expressed in the cytosol. The average optical
density (AOD) of Arc in the hippocampus of mouse
brain exposed to fluoride was significantly reduced as
compared with that of the control group (Figure 3A and
B). In addition, the decreased expression of Arc protein
was also observed by Western blotting in the
hippocampal tissues of mice with the exposure of 100
ppm NaF, but no change of Arc at protein level in the
group treated with 50 ppm NaF (Figure 3C). For the
mRNA level of Arc detected by qRT-PCR, no significant
differences occurred in the groups exposed to fluoride
as compared to controls (Figure 3D).

Changed expressions of m6A-related enzymes in in
mouse brain exposed to fluoride

IHC staining revealed a significant reduction in the
mean AOD of METTL3 protein in the hippocampal
region exposed to 50 ppm NaF as compared to the
control group, whereas no significant difference was
observed in the 100 ppm NaF group (Figure 4A and B).
The significant decreases in METTL3 protein expression
detected by Western blotting were found in the
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hippocampus of mice exposed to fluoride (Figure 4C).
No significant changes were detected in METTL3 mRNA
level (Figure 4D) or in the protein and mRNA
expressions of METTL14 (Figure 5) and FTO (Figure 6) in
the fluoride-treated groups as compared to controls.

Relationships among Arc, METTL3 and urinary fluoride

We further investigated the association between
Arc, METTL3 and urinary fluoride levels of the mice.
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Pearson’s bivariate correlation and simple linear
regression analysis displayed a positive correlation
between the reduced levels of Arc protein and the
decreased METTL3 protein (Figure 7A). On the other
hand, the negative relationships between levels of Arc
and urinary fluoride contents (Figure 7B), as well as
levels of METTL3 and urinary fluoride contents of the
mice with fluorosis were detected (Figure 7C).
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Figure 1. Basic conditions and histomorphologic alteration of the hippocampus in mice exposed to different
concentrations of fluoride. A: degree of dental fluorosis in the mice. B: fluoride content in bone. C: fluoride content in
urine. D: HE staining of the CA3 region of the hippocampus in mice. E: Nissl staining of the CA3 region of the
hippocampus in mice. The black arrow indicates pyknosis in neurons. Scale bar=50 um, x400, n=6. *P< 0.05 or **P< 0.01

compared to the control group
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Figure 2. Impaired synaptic structures in mice treated with different concentrations of fluoride. A and B: dendritic spine
density in the CA3 region of the hippocampus in mice. C-E: dendritic branches in the CA3 region of the hippocampus in
mice. Scale bar = 20 um, x600, n = 8 neurons from 4 mice. *P < 0.05 or ** P < 0.01 compared to the control group
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Figure 3. Protein expressions of Arc in brains of mice treated with different concentrations of fluoride. A and B: the IHC
staining diagram of Arc in CA1 regions of the hippocampus of mice. C: expression of Arc at proteins level in mice by
Western blotting. D: expression of Arc at mRNA level in brain of mice by qRT-PCR. Scale bar = 50 um, x400, n = 6. *P<0.05
or **¥P<0.01 compared to the control group
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Figure 4. Expressions of METTL3 at protein level in brain of mice treated with different concentrations of fluoride.A and
B: the IHC staining diagram of METTL3 in the CA1 regions of the hippocampus in mice. C: expression of METTL3 at
protein level in mice detected by Western blotting. D: expression of METTL3 at mRNA level in brain of mice detected by
gRT-PCR. Scale bar =50 um, x400, n =6. *P< 0.05 or **P<0.01 compared to the control group
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Figure 5. Expressions of METTL14 at protein level in brain of mice treated with different concentrations of fluoride.A
and B: the IHC staining diagram of METTL14 in the CA1 regions of the hippocampus in mice. C: expression of METTL3 at
protein level in mice detected by Western blotting. D: expression of METTL14 at mRNA level in brain of mice detected
by gRT-PCR. Scale bar =50 um, x400, n =6
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Figure 6. Expressions of FTO at protein level in the brain of mice treated with different concentrations of fluoride. A and
B: the IHC staining diagram of FTO in the CA1 regions of the hippocampus in mice. C: expression of FTO at protein level
in mice detected by Western blotting. D: expression of METTL14 at mRNA level in brain of mice detected by qRT-PCR.
Scale bar =50 um, x400, n=6
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Figure 7. Correlations between METTL3 and / or Arc
levels in hippocampal tissues of mice and UF contents
of mice with chronic fluorosis. (A) Correlations between
METTL3 and Arc in hippocampal tissues of mice. (B)
Correlations between METTL3 and UF contents. (C)
Correlations between Arc and UF contents

DISCUSSION

In this study, we successfully established a mouse
model of chronic fluorosis by adding fluoride to their
drinking water for 3 months. The mice developed
dental fluorosis and showed the increased level of
fluoride in bones and urine, which was consistent with

several previous findings.’ In addition, in our study
here, the histopathological changes in brains of mice
with fluorosis were manifested as the disordered
arrangement of neurons with shrunken and deep
staining nuclei, indicating that the neurons were
damaged by fluorosis. Furthermore, the numbers of
Nissl bodies in the neurons of the hippocampus of mice
with chronic fluorosis were significantly reduced in the
study, suggesting that the active state of the neurons
was significantly decreased due to fluoride exposure,
which is aligned with previous study.?

A large number of in vivo and in vitro studies and
epidemiological investigations have found that chronic
fluorosis can cause brain damage, resulting in abnormal
brain structure and function.?® Interestingly, a decline
in hippocampal function has long been associated with
the progression of cognitive impairments in patients
with neurodegenerative diseases.?! The patients with
cognitive impairment showed the synaptic density of
nucleus basalis decreased, exhibiting a worse cognitive
performance compared to cognitively normal
individuals.?? Fluoride exposure induced a decrease in
the density and co-localization of excitatory synaptic
markers, thereby causing impaired synaptic
development.?®> The lower levels of synaptic proteins
and enhanced oxidative stress were also detected in
the hippocampus of APP mice aggravated to fluoride.?*

Here, we found significantly lower density of
dendritic spine and fewer numbers of dendritic
branches in the neurons of the hippocampal regions of
mice with fluoride exposure. Furthermore, the level of
Arc in the hippocampal region of the mouse exposed to
fluoride was significantly reduced by both detections
with IHC and Western blotting in our study. Extensive
research indicates that Arc is crucial for maintaining
synaptic structure and affects neuronal plasticity by
interacting the neuronal skeleton.10 Arc-deficient mice
showed poor performance in behavioral tasks like the
Morris water maze and novel object recognition.?®> Arc
knockdown in rats resulted in cognitive deficits in
spatial, emotional, and social memory tasks.?® Whereas,
when Arc induction was inhibited, both long-term
potentiation and long-term memory were disrupted.?’
However, in this study, we did not find any changes in
Arc at the mRNA level, indicating that the modification
of Arc by fluoride occurred at the processes after
transcription of the molecule.

Neuronal epigenetics is becoming a distinct field in
neuroscience, advancing the study of complex
systems.?® In this area, m6A methylation is crucial in
neurodevelopment,?® involving many disorders of
brains, such as traumatic brain injury, AD, Parkinson's
disease (PD), and other cognitive diseases. As a crucial
part of the m6A methyltransferase complex, METTL3 is
linked to neurological damage. The expression of
METTL3 was notably reduced in the brain and
leukocytes of a post-stroke mouse model.3° In mouse
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brain with PD, METTL3 expression was notably reduced
and dopamine neuron damaged by activating the
METTL3/glutaredoxin axis.3! Additionally, the effect of
METTL3 on neurotoxicity and its impact on the
phosphoinositide 3-kinase/protein kinase B pathway
downregulation have been recognized.3?

It was found that fluoride triggered m6A mediated
ferroptosis to cause intestinal damage.'* In the study,
we determined the expressions of m6A-associated
regulators in the hippocampus of mice exposed to
fluoride. A significant reduction of METTL3 was
determined in the hippocampus of mice exposed to
high dose of NaF, which is similar with published
result.® gRT-PCR results indicated no significant
change of METTL3 at mRNA level, indicating the effect
of fluoride on the molecular occurs at the step after
transcription. Importantly, since the levels of METTL14
and FTO remained unchanged in our study, we
proposed that METTL3 might be a key regulator of m6A
modification in hippocampal neurons under exposed
situation of fluoride.

METTL3 is mainly found in the nucleus and
cytoplasm, while Arc is expressed in the cytoplasm,
both of which are closely related. In a study concerning
the disturbance of synaptic plasticity, knockdown of
METTL3 decreased ARC mRNA m6A modification and
reduced Arc protein expression, while overexpression
of METTL3 rescued Arc expression influenced by B-
amyloid peptide (AB),** suggesting an important
mechanism of epigenetic alteration in AD, i.e., Arc may
be an m6A-modified target protein of METTL3. In our
results, there was a positive correlation between the
levels of Arc and METTLs, a negative correlation
between the levels of Arc or METTLs and urinary
fluoride. We hypothesize that fluoride decreases
METTL3 protein expression, which may affect the
procedure of Arc mRNA's nuclear export via m6A
modification, and ultimately reduce Arc protein level
and damage synaptic structure.

CONCLUSION

In study, the mouse model with chronic fluorosis
was established, which presented with dental fluorosis,
high contents of fluoride in born and urine,
neuropathology of the mice exposed to fluoride.
Obviously, the modified synaptic structure of neurons
was observed in the brain of such fluorosis mice.
Importantly, the protein expression, but mRNAs, of Arc
was significantly decreased in mouse brains influenced
by fluorosis, which is involved in the changed synaptic
structure. Furthermore, the declined METTL3
influenced by fluorosis may be specifically related to
the inhibited expression of Arc, because no significant
changes of METTL14 and FTO expression were
determined in mouse brain exposed to fluoride.
Interestingly, the decreased protein level of Arc or

METTL3 in brain was significantly correlated with the
increased content of fluoride in urine resulted from
fluoride exposure. The results indicated that excessive
fluoride intake caused damage to the synaptic
structure and reduction of Arc protein in the brain of
mice, which in mechanism might be involved to the
decreased expression of METTL3.
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