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ABSTRACT

Fluoride has been added not only to drinking water but also in dental
products, drugs, and infant formulas in many countries for public health
however, its risks remain a primary topic worldwide. Fluoride can
accumulate in the animal/human body, and its long-term exposure harms
body tissues, particularly the nervous system without causing any visible
deformities before. It rapidly passes the blood-brain barrier and affects
cellular energy metabolism, the production of inflammatory mediators,
the metabolism of neurotransmitters, the activation of microglia, and the
expression of proteins involved in the maturation of neurons. Fluoride
induces apoptosis and inflammation in the central nervous system is
reported as the main reason behind its toxicity. With aluminum, it forms
a fluoroaluminum complex that can accumulate in the brain for
prolonged neurotoxicity Fluoride increases intestinal inflammation and
permeability and decreases mRNA levels of tight junction proteins in the
intestines resulting in brain-derived injury through the gut-brain axis.
Although there are many mechanisms involved in the neurotoxic effects
of fluoride, but its exposure through various sources on brain health need
to be elucidate through well designed animal models and
epidemiological studies.
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INTRODUCTION

Fluoride at large concentrations is an

fertilizers [5]. Plants and animals store the fluorides
that are present in the soil, air, and water. Food and
drinking water are therefore the main sources of

environmental pollutant that has a negative impact on
ecosystems [1]. On Earth, fluorine is hardly found in its
elemental form, although it is prevalent in the
ecosphere as a fluorine compound [2]. Health risks
associated with fluoride have been noted for
populations living in industrialized areas [3-4]. Fluoride
levels in the soil and water are higher in certain places
as a result of anthropogenic emissions. These consist of
industrial air pollution deposits, insecticides, and
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fluoride intake in humans. In addition to these, there
are few other sources like dental products mainly
toothpaste and mouth rinses, drugs, infant formulas
and fumes from industrial belt [6]. Some beverages,
including tea also have high quantities of Fluorides [7].
Over the past few years, there has been a lot of
discussion over fluoride toxicity against plants [ 8-9],
animals [10-11], and even microbes [12]. Different
viewpoints exist on fluorine's importance as an
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element and the extent of its toxicity to people
(particularly when it comes to water fluoridation).
Fluoride affects the human body in two extremes. Its
low level interferes with dental enamel and bone
demineralization and acute and chronic exposure to
elevated doses may trigger a broad spectrum of
disorders [13]. Health professionals have been at odds
over the possibility that fluoride in drinking water is
hazardous to the developing human brain. Fluoride is
first partially absorbed (about 25%) as hydrofluoric acid
through the stomach, and the majority of the
remaining fluoride is absorbed in the small intestine,
regardless of pH. The liver and kidney then filter the
absorbed fluoride to produce the final plasma fluoride
concentration.

Adults exposed to extremely high fluoride levels are
known to experience neurotoxicity, while rodent
studies have revealed deleterious effects on learning
and memory [14]. Fluorosilicic acid (H2SiF6), sodium
fluorosilicate (Na2SiF6), or sodium fluoride (NaF) are
the three substances that are used to fluoridate water
among them fluorosilicic acid is mostly used. Small
water systems also utilize sodium fluoride. The
American Dental Association (ADA) advises adding 0.7
parts per million (ppm), or 0.7 milligrams per liter
(mg/L), of fluoride to water [15-16]. World Health
Organization acclaimed the concentration range of 0.5
to 1.0 mg/L of fluoride in water supplementation [17]
The Environmental Protection Agency (EPA) only
permits 4.0 mg/L of fluoride in public water systems
[15-16].

A deficiency in fluoride if the intake concentration is
below 0.5 mg/L causes dental caries and weakening of
the bones However, repeated consumption of fluorine,
if exceeds 1.5 mg/L over a long period, can result in
fluorosis in humans and animals [18]. Between 40 and
80 mg/kg of sodium fluoride can cause fatal poisoning
in humans [19]. Fluoride exposure is believed to have
both immediate and long-term impacts, particularly at
crucial stages of development. Chronic low-level
fluoride exposure may cause mental health problems
and intellectual deficiencies [20]. It is believed that
iodine levels in the body and genetics may impact the
potency of exposure. Fluoride can affect mitochondrial
DNA, which has significant consequences for various
mental diseases [20].
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Approximately 99% of retained fluoride is bonded in
calcium-rich tissues like bone and approximately 75—
90% of ingested fluoride is quickly absorbed and
dispersed throughout the body [21]. In addition,
fluoride passes through the placenta and gets to the
developing fetus and amniotic fluid. The amount of
fluoride circulating in the body can be determined
through analyses of urine and blood [22]. The fasting
plasma-fluoride concentration is roughly equivalent to
the quantity in drinking water. The adult brain may be
somewhat protected from many toxins by the blood-
brain barrier, but in fetuses and young children with an
immature blood-brain barrier, this protection is less.
Fluoride concentrations in human cerebrospinal fluid
are approaching those found in serum, which is
evidence that fluoride crosses the blood-brain barrier
[23]. Further evidence that circulating fluoride reaches
the brain comes from imaging studies of radioactive
fluoride used in cancer treatment [24-26]. There is
evidence that fluoride builds up in the brain regions
responsible for memory and learning centers [27-29].
This review provides information on the neurotoxic
potential of fluoride particularly at concentrations that
are over the recommended levels by official
regulations.

TRANSPORT OF FLUORIDE IN THE BRAIN

Fluoride is absorbed from the digestive tract, and its
peak plasma concentrations only last for around 30
minutes. It enters the placenta and breast milk from
the blood and passes through the blood-brain barrier
into the brain. Fluoride is easily incorporated into
calcified tissues like bone and teeth, which are most
noticeable during times of rapid growth. Calcified
tissues account for around 99% of the body's fluoride
burden that is not quickly eliminated by urine. The
blood-brain barrier does not effectively prevent
fluoride from entering the neurological system [30].
The typical Cerebrospinal fluid (CSF) /blood fluoride
ratio is less than 1.0. [14] Fluoride is actively
transported through the blood-brain barrier which is
comparable to that of other halogens and ionic
chemicals. Fluoride can also cross the blood-placenta
barrier in overexposed women and enter the fetal
circulation [31], where it has been demonstrated to
impede central nervous system development and
result in neurodegeneration. Long-term exposure to
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fluoride results in abnormalities in the structure of the
brain's cells [32]. There are numerous studies showing
animals that were exposed to high amounts of fluoride
either directly or through the mother have histological
abnormalities in the brain tissue. It has been
demonstrated that fluoride deposition in the fetus’s
brain and its passage through the placenta of pregnant
women with chronic fluorosis have a negative effect on
brain development. [30]. Numerous enzymes that
require divalent cations as cofactors are inhibited by
fluoride [30-36]. The enzymes that fluoride inhibits are
involved in free radical scavenging, protein and amino
acid metabolism, and energy metabolism. Since it
alters the metabolic pathways in the brain, fluoride is
regarded as a metabolic toxin [37]. Studies on the
impact of fluoride on brain metabolism have revealed
that fluoride (as NaF) impairs the activities of the
enzymes involved in nerve impulse transmission.
Acetylcholinesterase, magnesium, calcium, and
sodium-potassium ATPase activities are affected by
fluoride in the brain tissue.

THE ROLE OF FLUORIDE IN THE
PATHOGENESIS OF BRAIN DISORDERS

Fluoride affects cellular energy metabolism, the
production of inflammatory mediators,
neurotransmitters, microglial activation, and the
expression of proteins involved in neuronal maturation
in the brain. Fluoride induces apoptosis and
inflammation in the central nervous system is reported
the main reason behind fluoride toxicity-related brain
disorders. Clinical manifestations of the effects of
fluoride exposure on the developing brain include
memory loss and cognitive process impairment.
According to epidemiological research, children who
were exposed to excessive fluoride had lower
intelligence quotient (IQ) scores than those who were
not [38]. Industrial workers who were exposed to
fluoride over an extended period of time displayed a
range of neuropsychiatric symptoms, such as
sleepiness, difficulty focusing and learning, and
memory problems [39-42]. Disrupted neuronal and
glial cell metabolism is linked to fluoride-induced
disorders. Fluoride buildup in the hippocampus
promotes the production of reactive oxygen species
(ROS) and oxidative stress resulting in neuronal
degeneration [43].  Numerous studies have
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demonstrated that long-term exposure to high-fluoride
environments (one gram per liter) can result in severe
behavioral and cognitive deficits in rodents, including
decreased short-term memory, delayed object
recognition, impaired spatial memory retention, and
neuropathological damage [40,41]. Additionally,
numerous studies have demonstrated that fluorosis
causes altered metabolism and oxidative stress in the
brain, affects mitochondrial structure and function by
obstructing the work of antioxidant enzymes, and
causes cognitive impairment [44,45]. Fluoride increases
intracellular calcium ions Ca2+ by activating calcium
channels in mitochondria [46]. Calcium regulates
mitochondrial function at many levels and stimulates
ATP  synthesis. Imbalanced mitochondrial Ca2+
homeostasis plays a key role in several pathologies.
Ca2+ overload in the mitochondrial matrix results in
the release of ROS species and cytochrome c leading to
apoptosis [47]. Ono et al [48] reported increased
activity of Ca2+ channel by fluoride in dose—dependent
manner. Fluoride modulates the phosphorylation state
of channel protein to increase the Ca2+- channel
activity [48]. Fluoride toxicity in the developing brain is
the most challenging concern nowadays and how those
effects may contribute to a decline in 1Q and
disruptions in learning and memory functions[41,49]. It
is believed that fluoride toxicity could be involved in
the etiology of neurological and neurodegenerative
disorders such as Autism, Alzheimer's, and Parkinson’s,
fatigue, dizziness, vertigo, loss of motor coordination,
and complex paralysis of arms and legs[10, 50-51].

Fluoride induced Oxidative stress

Oxidative stress is considered as one of the main
mechanisms behind fluoride toxicity which is activated
by imbalanced production and elimination of free
radicals [49]. The brain is susceptible to excessive ROS
production and oxidative damage due to its high levels
of polyunsaturated fatty acids and redox-active metals
(Cu and Fe) as well as its high metabolic rate, which is
characterized by high oxygen consumption (20% of
basal oxide consumption), and low regenerative
capacity. Fluoride has a well-documented pro-oxidant
action [52,53]. Fluoride causes oxidative stress and
impairs the activity of antioxidants in the brain (Figure
1). Sodium fluoride exposure enhanced lipid
peroxidation and decreased or raised levels of
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antioxidants in the brain tissue. An increase in
malondialdehyde (MDA), glutathione (GSH),
glutathione S-transferase (GST), glutathione peroxidase
(GSH-Px), and ascorbic acid was observed in the brain
tissue of rodents after receiving fluoride [54-56]. In
experiments using murine microglial BV-2 cells, Shuhua
et al. demonstrated that microglial activation, which
increases the production of ROS and RNS (reactive
nitrogen species) and causes oxidative stress, is at least
partially responsible for the toxic effects of fluoride on
the nervous system [57]. This is supported by
Saralakumari et al that link chronic fluoride exposure to
higher levels of oxidative stress in humans [58].
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Fluoride toxicity also has an impact on a number of
antioxidant enzymes. Although the specific nature of
this action is unclear, fluoride inhibits the activity of
antioxidant enzymes. Cells treated with a high dose of
NaF showed a decrease in Superoxide dismutases
(SOD) activity. Rodents fed with fluoride water showed
increased Cat activity which can be attributed to the
activation of defense systems against the effects of
excessive oxidation [59-60]. Fluoride at a dose of 20
mg/kg decreases GSH, SOD, and GPx activity in the
brain tissues in rats [61]. GSH concentration was
decreased in cultured rat hippocampus neurons on
exposure to sodium fluoride [62].
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Figure 1- Fluoride toxicity results in the production of ROS (reactive oxygen species) and RNS (reactive

nitrogen species) which in turn promotes lipid peroxidation and inhibits the activity of antioxidant

enzymes.

Fluoride induced neuroinflammation

Inflammation has been connected to numerous brain
disorders. Although it is believed that inflammation is
not the cause of neurodegenerative diseases, the long-
term upregulation of the inflammatory response
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brought on by the activation of microglia and
astrocytes in such conditions raises the possibility that
neuroinflammation plays a significant role in neuronal
dysfunction and death [63]. Fluorine easily crosses the
blood-brain barrier to induce neuro-inflammation
(Figure 2). Nuclear transcription factor kB (NF-kB), a
crucial transcription factor that controls the expression
of genes linked to immune response, is known to be
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activated by inflammation in the central nervous
NF-kB plays a
inflammation brought on by the interaction of
[65,66]. It has
demonstrated that fluoride increases NF-kB activity in

system [64]. significant role in

astrocytes and microglia been

BV2 microglia in vitro [67]. Fluoride exposure can
produce tumor necrosis factor-alpha (TNF-a) and
interleukin-1 (IL-1) in the brain which can activate NF-
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kB [68]. Numerous effects of NF-kB activation include
enhanced NO production, nitric oxide synthase activity
stimulation, and cyclooxygenase 2 (COX-2) expression
which plays a key role in the induction and progression
of neuroinflammation. Fluoride toxicity is also linked
with cytokine release and activation of macrophages

and microglia as a significant source of
proinflammatory factors [69].
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Figure 2- Fluoride crosses the blood-brain to produce an inflammatory mediator

Fluoride-induced activation of pro-inflammatory
cytokines like IL-1, IL-2, IL-6, and TNF- a Hela cells is
reported [70]. Activation of microglia in the cerebral
cortex and hippocampus in fluoride-treated rodent
model contributed to the onset and development of by
affecting the production of certain cytokines, the brain
is inflamed [71]. Phospholipase A2 (PLA2) activity in
macrophages is stimulated by aluminum fluoride [72].
The effect of low fluoride concentrations on PLA2
exocrine activity and subsequent eicosanoid synthesis,
in particular prostaglandin E2 (PGE2) and thromboxane
A2 (TXA2),
cyclooxygenases. Arachidonic acid is released when

suggested enhanced activity of
phospholipase A2 catalyzes the hydrolysis of the ester
link in the sn-2 position of glycerophospholipids,
further promoting the inflammatory response [73]. In
consequence, PLA2 activation and a rise in free
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arachidonic acid promote the production of pro-
inflammatory eicosanoids in macrophage cells [74].

Recently, Reddy et al [75] studied the neurological
The study
reported a dose-dependent increase in the levels of the

changes in NaF-exposed Wistar rats.

neurotransmitters glutamate, adrenaline, histamine,
and serotonin as well as neuroinflammatory mediators
(COX-2, VEGF, HSP-70, PKC, TNF-, and iNOS). The
ultrastructural alterations seen in the neocortex,
hippocampus, and cerebellum, as well as the spinal
further

brought on by NaF.

cord and sciatic nerve, confirm the
neurodegenerative changes
According to these findings, high fluoride levels cause
neuroinflammatory reactions that culminate in
neuropathological alterations in the brain. Wang et al
[76] reported

inflammation in the brain cells. Fluoride can increase

fluoride-induced ferroptosis and
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neuronal cell inflammation by causing neutrophil
extracellular traps (NETs). Fluoride causes an
imbalance in neutrophil calcium, which in turn permits
L-type calcium ion channels (LTCC) to open and allows
extracellular free iron to enter the cell, resulting in
neutrophil ferroptosis and inflammation.
Cerebrovascular dysfunction is promoted through
excessive production of NETs [76] and subsequent

effects brain inflammation.
Fluoride induced Neuro-apoptosis

Apoptosis plays a major role in the maintenance and
advancement of physiological processes, such as tissue
homeostasis, aging, healing, and embryogenesis. [77].
Apoptosis pathways protect the body from aberrant or
mutant cells under physiological conditions which
otherwise results in uncontrolled cell proliferation and
oncogenesis [78]. Excessive apoptosis contributes to
the etiology of neurodegenerative illnesses triggered
by many environmental factors including fluoride [78].
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In vitro research on rat hippocampus neurons revealed
enhanced NF-B expression and a higher percentage of
apoptotic cells after sodium fluoride treatment [79]. In
addition, fluoride was shown to have an effect on
apoptosis in vitro studies performed on SH-SY5Y
neuroblastoma cells. Fluoride increased the expression
levels of caspase-3, and caspase-8 (Figure 3) [80].
Similar to this, Liu et al. revealed in vivo the potential
proapoptotic effects of fluoride by showing that
fluoride-exposed rats had an increased number of
apoptotic brain cells [81]. The pro-apoptotic impact of
fluoride may also be mediated by the activation of Jun
N-terminal kinases (JNK) through phosphorylation
resulting in caspase activation (Figure 3) [82]. Fluoride
increases the expression levels of proapoptotic Bax
protein and decreases the expression of antiapoptotic
Bcl-2 protein in rodents [71] An increase in apoptotic
processes in brain structures of fluoride-treated
rodents was detected in an analysis using the terminal
deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) method.
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Figure 3- Fluoride-induced apoptosis in brain cells.

Fluoride-induced glutamate excitotoxicity.
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Excitotoxicity is among the main mechanisms involved
in a wide range of neurological disorders, including



Research review; Bhat et al.

strokes, brain injuries, central nervous system (CNS)
infections, autoimmune diseases, multiple sclerosis,
heavy metal toxicity, brain tumors, and the majority of
neurodegenerative diseases, including Alzheimer's
dementia, Parkinson's disease, and autism [83,84].
Although it seems that fluoride toxicity is secondary to
many unrelated processes, there is strong evidence
that excitotoxicity may be a central mechanism [84]. In
this process, acidic amino acids such as
neurotransmitters glutamate and aspartate in addition
to homocysteine, cysteine, cysteine sulfinic acid,
cysteic acid, and cysteine accumulate in the synaptic
cleft. Several glutamate receptors on the postsynaptic
membrane are  typically activated by the
neurotransmitters glutamate and aspartate, which
cause neuronal excitement. In fact, glutamate, which
regulates learning, alertness, and attention, is the most
prevalent neurotransmitter in the CNS but most
neurotoxic [85]. Glutamate is supplied to the organism
with the diet but, only a little is passed through the
blood—brain barrier because of a protective mechanism
against the excessive inflow of it in the brain which can
otherwise cause depolarization and damage the
neurons [85]. Many enzymatic pathways are involved
in maintaining adequate extracellular glutamate levels
once released into the synaptic cleft [86]. Some studies
have reported a decrease in Glutamate levels in the
cortex and hippocampus in rodents on exposure to
Fluorine through drinking water [86.88]. Fluoride
exposure is also reported to impair the activities of
Glutamate metabolism-related enzymes such as
glutamic acid decarboxylase glutamate oxaloacetate
and glutamate pyruvate transaminases in hippocampus
[88-90]. Fluoride when builds up in the brain causes a
variety of abnormalities in learning and memory and
decreases synaptic cleft width. Excessive fluoride may
increase the susceptibility of neurons to excitotoxicity
by producing free radicals and lipid peroxidation, which
may harm synapses and cause damage to neurons [91].
Glutamate the most prevalent and significant
excitatory neurotransmitter in the CNS has a role in the
plasticity of neural networks and processes linked to
ontogeny, memory, and learning [92]. However,
excessive glutamatergic system activation can result in
excitotoxicity [93]. The clearance of extracellular
glutamate, which is primarily mediated by sodium-
dependent transport into astrocytes, is a crucial factor
in the physiologic/excitotoxic tone of the glutamatergic
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system, which affects other neurotransmission systems
[94]. Evidence regarding the cholinergic system has
demonstrated that fluoride toxicity can affect
cholinergic neurotransmission. High doses of fluoride
reduce nicotinic acetylcholine (ACh) receptors and alter
the histopathology of brain cells [95]. The neurotoxicity
of fluoride is thought to be primarily caused by
excitotoxicity caused by microglial activation (Figure 4)
[96]. It is a common mechanism that has been linked
to numerous neurological disorders as well as the
neurotoxic effects of various chemicals and heavy
metals. Excitotoxicity is brought on by excessive
glutamate receptor stimulation in neurons, which
activates the brain's immune cells called microglia and
causes them to release cytokines and other immune
proteins, ultimately leading to the death of brain cells
(Figure 4). Due to the brain's defective glutamate
transporters, glutamate builds up and is
overstimulated by the glutamate receptors. Reactive
oxygen species (ROS) and reactive nitrogen species
(RNS), may also be the cause of the excitotoxicity
cascade. Blaylock presented the hypothesis of
excitotoxicity as the main mechanism underlying
fluoride [96]. Numerous investigations on animals have
demonstrated that fluoride causes histological
abnormalities in the hippocampus, dentate gyrus,
superficial amygdala, cortex, and cerebellum [97-99].
There are several glutamate receptors in these regions.
The primary mediators of excitotoxicity are known to
be produced in the brain as a result of fluoride
exposure. Fluoride sets off a series of molecular
reactions via G protein-coupled receptors, second
messenger systems such as cAMP, cGMP, and
phosphoinositides, as well as through the activation of
protein kinase C, which in turn stimulates the
microglial activation processes.

Fluoride enhances aluminum absorption from gastric
mucosa and its penetration through the blood-brain
barrier[100-101]. Fluoride can easily combine with
aluminum to generate a Fluoroaluminum complex that
is toxic to neurons at low concentrations and can
function as an activator of G-proteins, the membrane
receptor for second messenger activation [102].
Fluoride present in drinking water can increase
aluminum levels in the brain resulting in glutamate
transporter inhibition [103]. Aluminum glutamate
produced in the Gl tract alters the blood-brain barrier
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making it impermeable to toxins that are mostly
permeable [104]. Also, it increases the levels of
glutamate and aluminum in the brain, which increases
the risk of excitotoxicity. The Fluoroaluminum complex
resembles phosphate groups in biological systems and
can activate the G-proteins in cell membranes. It can
also activate metabotropic excitatory receptors that
could initiate excitotoxicity [105 ]. This complex can
also accumulate in the brain leading to prolonged
neurotoxicity causing neurodegeneration and synaptic
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loss. It can activate microglia to generate glutamate
and quinolinic acid which are among the two powerful
excitotoxins. Secretion of this excitotoxin in
combination with cytokine production increases the
production of free radicals. The fluctuation of
glutamate levels in the brain affects many processes
such as high glutamate levels pruning the synapses and
dendrites, but low levels result in an excess of
unneeded connections, both resulting in severe

neurodevelopmental problems.
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Figure 4- Fluoride toxicity through activation of microglial activation causes them to release cytokines

and other immune proteins and excessive glutamate receptor stimulation in neurons results in
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Fluoride and gut health

It is well known that the Gut-brain axis provides insight
into brain-derived injury. Any change in the
microenvironment of the intestines, like gut
microbiota, inflammatory cytokines, and hormones,
can affect the brain's chemistry and behavior through
the gut-brain axis (Figure 5). The psychoactive effects
of modulating the gut-brain axis through probiotic
strain against fluoride-induced memory dysfunction in
rodents are reported. It is widely acknowledged that
the intestinal microbiota has a significant impact on the
intestinal milieu and brain health as well. Improving
the gut microbiota is a potential method to treat brain
diseases and patients with disordered gut microbiota

Page 8 of 14

excitotoxicity.

are at high risk of developing brain disorders such as
anxiety, depression, learning, and memory dysfunction.
Neurotoxicity caused by too much fluoride can result in
memory loss, myelin loss, and neuronal loss. According
to the gut-brain axis concept, the function of the brain
is significantly influenced by the gut bacteria. The gut-
brain axis, which connects the gut and brain, has
offered new treatments for brain disorders [106]. The
link between diet and gut microbiota is a major
modulator behind neurodevelopmental problems
[107]. A disrupted gut microbiota may be linked to
memory impairment and a decrease in brain-derived
neurotrophic factor (BDNF). Fluoride exposure leads to
an unbalanced microbial composition (Figure 5).
Fluoride exposure results in a decrease in the number




Research review; Bhat et al.

of acidogenic bacterial taxa in the gut of rodents and
Lactobacillus spp. in the gut of poultry [108].
Neuroinflammation is one of the pathologies for the
development of many neurodegenerative disorders
[109]. Due to the high expression of cytokine receptors
in the hippocampus, it is susceptible to the harm
caused by inflammatory cytokines [110]. Excessive
fluoride exposure led to neuroinflammation by rising
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TNF-a and IFN-y in the hippocampus. Fluoride increases
intestinal inflammation and permeability by increasing
inflammatory cytokines, serum D-lactate and diamine
oxidase activity, and D-lactate concentration as well as
the decreased mRNA levels of Tight junction proteins
such as Zonula occludens-1( ZO-1) and occluding
(Figure 5) [111].

Changes in the microenvironment of the intestines,
like gut microbiota, inflammatory cytokines, and
hormones, affect the brain's chemistry and behavior
through the gut-brain axis.
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Figure 5- Fluoride exposure leads to an unbalanced microbial composition; increases intestinal

inflammation and permeability; and decreases Tight junction proteins resulting in brain damage

through the

CONCLUSIONS

Fluoride can be dangerous if its intake exceeds the
recommended limit. Fluoride deficiency is very rare in
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gut-brain axis.

humans as they obtain the recommended dose
through food and oral hygiene products. Long-term
fluoride exposure can be harmful to the human brain
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which needs to be monitored carefully. The main

mechanism behind its toxicity is not fully understood

but various pathways related to oxidative stress and

neuroinflammation may be involved. Fluoride-induced

stress needs to be evaluated through animal models

and epidemiological

studies in order to gain a

comprehensive picture of fluoride toxicity related to

mental health.
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