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ABSTRACT

Fluoride is the most electronegative and reactive of all elements and items, in nature, are rarely found
in its elemental state. Fluorine combines directly at ordinary or elevated temperatures with all elements
other than oxygen and nitrogen and therefore reacts vigorously with most organic compounds. Rocks,
soil, water, air, plants and animals all contain fluoride in widely varying concentrations. Because of this
variation, the sources and their relative importance for human beings also vary. Fluoride is abundant in
the environment and the main source of fluoride to humans is drinking water. It has been proved to be
beneficial in recommended doses, and at the same time its toxicity at higher levels has also been well
established. Fluoride gets accumulated in hard tissues of the body and has been known to play an
important role in mineralization of bone and teeth. At high levels, it has been known to cause dental and
skeletal fluorosis. There are suggested effects of very high levels of fluoride on various body organs and
genetic material.  Fluoride enters the body by ingestion and inhalation and in extreme cases of acute
exposure, through the skin. Not all the fluoride that is ingested or inhaled is absorbed, and a portion is
excreted by various means. The use of fluorine or fluoride containing materials in industry leads not
only to an increase in occupational exposure but also, in some cases, to increased general population
exposure. More significant than the preceding sources are deposits of high fluoride rocks that in some
areas cause a large increase in the fluoride content of water or food. There are many parts of the country
where this exposure to fluoride is sufficiently high to cause endemic fluorosis. In some areas of the world
e.g. India, Kenya and South Africa, levels of fluoride can be much higher than 25 ppm as per WHO
report. Fluoride has beneficial and toxic effects on human beings. With exposure to optimal levels of
Sfluoride in drinking water, there is a clearly demonstrated cariostatic effect. The extent of caries reduction
by various methods is influenced by the initial caries prevalence and the standard of health care in the
community. Fluoride has been used in the treatment of osteoporosis, though beneficial effects have been
reported, the dose-response relationships and efficacy need further clarification. The most important
toxic effect of fluoride on human beings is skeletal fluorosis which is endemic in areas with soils, and
water containing high fluoride concentrations. In non-endemic areas, skeletal fluorosis has occurred as
a result of industrial exposure. This condition, whether of endemic or industrial origin, is normally
reversible by reducing fluoride intake. In endemic fluorosis areas, developing teeth exhibit changes
ranging from superficial enamel mottling to severe hypoplasia of the enamel and  dentine. Patients
with kidney dysfunction may be particularly susceptible to fluoride toxicity. Fluoride has been found to
be an endocrine disruptor that can affect the bones, brain, thyroid gland, pineal gland and even blood
sugar levels. There  have been several human and animal studies linking fluoride to brain damage
including lower 1Q in children and studies have shown that fluoride toxicity can lead to a wide variety of
health problems, including thyroid disease, arthritis, dementia, bone fractures, bone cancer,
osteosarcoma, genetic damage and cell death, increased tumour and cancer rate, disrupted immune
system, damaged sperm and increased infertility etc. The present review focuses on the effects of
Sfluoride on human beings.
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INTRODUCTION

The term fluorine and fluoride are used
interchangeably in the literature as generic terms.
Fluorine is a corrosive pale yellow gas. Fluoride is
the most electronegative and reactive of all
elements and items, in nature, are rarely found in
its elemental state. It is highly reactive,
participating in reactions with virtually all organic
and inorganic substances. Fluorine is  usually
found in soil, air, food and water as fluorides. It
accounts for about 0.3 g/kg of the Earth's crust and
exists in the form of fluorides in a number of
minerals, of which fluorspar, cryolite and
fluorapatite are the most common. In industrial
settings, fluorine and its compounds are used in
producing uranium, plastics, ceramics, pesticides,
and pharmaceuticals. Fluorochlorohydrocarbons
are used in refrigeration and aerosol propellant
applications."”  Fluoride is the simplest anion of
fluorine. Its salts and minerals are important
chemical reagents and industrial chemicals, mainly
used in the production of hydrogen fluoride for
fluorocarbons. Hydrogen fluoride is a  colorless,
pungent liquid or gas with a boiling point of 19.5
°C. It is highly soluble in water, in which it forms
hydrofluoric acid. Sodium fluoride is a colorless to
white solid that is moderately soluble in water.
Fluorosilicic acid, which is also known as
hexafluorosilicic acid, is a colorless solid that 1s
highly soluble in water.”*" Inorganic fluorine
compounds are used in industry for a wide range
of purposes. They are used in aluminium
production and as a flux in the steel and glass fiber
industries. They can also be released to the
environment during the production of phosphate
fertilizers (which contain an average of 3.8%
fluorine), bricks, tiles and ceramics. Fluorosilicic
acid, sodium hexafluorosilicate and sodium
fluoride are used in municipal water fluoridation
schemes “*. Although sodium fluoride is soluble in
water”, aluminium, calcium and magnesium
fluorides are only sparingly so”. Fluoride is
determined by means of an ion-selective electrode,
which makes it possible to measure the total
amount of free and complex-bound fluoride
dissolved in water. The method can be used for
water containing at least 20 pg/litre.” For rainwater
in which fluoride was present at a concentration of
10 pg/litre, a detection limit of 1 pg/litre was
reported. Y A method using a fluoride-selective
electrode and an ion analyzer to determine fluoride
atlevels of 0.05-0.4 mg/litre has been described. "
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Fluoride-containing compounds, such as sodium
fluoride or sodium monofluorophosphate are used
in topical and systemic fluoride therapy for
preventing tooth decay. They are used for water
fluoridation and in many products associated with
hygiene. Originally, sodium fluoride was used to
fluoridate water, hexafluorosilicic acid (H,SiF,)
and its salt sodium hex fluorosilicate (Na,SiF,) are
more commonly used additives, especially in the
United States. Fluoridation of community
drinking water to prevent dental caries is
considered as one of the ten most important public
health achievements of the 20th century.
Concurrent with the decline in dental caries has
been an increase in the prevalence of dental
fluorosis, aside effect of fluoride exposure. Dental
fluorosis remains highly prevalent worldwide. As
recently as 2005, 23% of persons in the United
States aged 6 to 39 years had very mild or greater
enamel fluorosis.” Although safe and even healthy
at low concentrations, sustained consumption of
large amounts of soluble fluoride salts have been
found dangerous. The lethal dose of sodium
fluoride (NaF) for most adult humans is estimated
at 5 to 10 g (which is equivalent to 32 to 64 mg/kg
elemental fluoride/kg body weight).!'""""
Ingestion of fluoride can produce gastrointestinal
discomfort at doses at least 15 to 20 times lower
(0.2-0.3 mg/kg or 100 to 150 mg for a 50 kg person)
than lethal doses."” Although helpful for dental
health in low dosage, chronic exposure to fluoride
in large amounts interferes with bone formation. In
this way, the most widespread examples of fluoride
poisoning arise from consumption of ground water
that is abnormally fluoride-rich."”
For optimal dental health, the World Health
Organization recommended a level of fluoride
from 0.5 to 1.0 mg/L (milligrams per litre),
depending on climate. " Adverse effects become
possible at fluoride levels far above this
recommended dosage. The United States Health
and Human Services Department recommended
amaximum of 0.7 milligrams of fluoride per liter of
water — the lower limit of the current recommended
range of 0.7 to 1.2 milligrams. [ In India an
estimated 60 million people have been poisoned by
well water contaminated by excessive fluoride,
which is dissolved from the granite rocks. The
effects are particularly evident in the bone
deformations of children. Similar or larger
problems are anticipated in other countries
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problems  are
including China, Uzbekistan, and Ethiopia.
Historically, most cases of acute fluoride toxicity
have followed accidental ingestion of sodium
fluoride based insecticides or  rodenticides."”
Currently, in advanced countries, most cases of
fluoride exposure are due to the ingestion of dental
fluoride products."”  Other sources include glass-
etching or chrome-cleaning agents like ammonium
bifluoride or hydrofluoric acid,"™" industrial
exposure to fluxes used to promote the flow of a
molten metal on a solid surface, volcanic ejecta
(for example, in cattle grazing after an 1845—-1846
eruption of Hekla and the 1783—1784 flood basalt
eruption of Laki), and metal cleaners. Malfunction
of water fluoridation equipment has happened
several times, including a notable incident in
Alaska'” Twenty percent of modern pharma-
ceuticals contain fluorine™ . These organofluorine
compounds are not sources of fluoride poisoning.
The carbonfluorine bond is too strong to release
fluoride.

A number of potential and established adverse
effects including cognitive impairment,
hypothyroidism, dental and skeletal fluorosis,
enzyme and electrolyte derangement and cancer
have been reported. ®" Children may experience
gastrointestinal distress upon ingesting excessive
amounts of flavoured toothpaste. Between 1990
and 1994, over 628 people, mostly children, were
treated after ingesting too much fluoride-
containing toothpaste. While the outcomes were
generally not serious, gastrointestinal symptoms
appear to be the most common problem reported.””
Several studies have shown that high levels of
fluoride exposure may lead to adverse effects on
brain™’, bones leading to skeletal fluorosis™**",
kidney,”"”* teeth leading to dental fluorosis™",
thyroid *** and also produce adverse effects on
aquatic organisms.”** The present review focuses
on adverse effects of fluoride on human health.

anticipated in other countries
[13]

CHEMOBIOKINETICS AND
METABOLISM

It has been reported that a large proportion of the
ingested and inhaled fluorides is rapidly absorbed
through the gastrointestinal tract and through the
lungs, respectively. Absorbed fluoride is carried by
the blood and is excreted via the renal system or
taken up the calcified tissues. Most of the fluoride
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bound in the skeleton and teeth has a biological
half-life of several years. The concentration of
fluoride in the calcified tissues is a function of
exposure and age. No significant accumulation
occurs in the soft tissues. Renal excretion appears
to be based on glomerular flitration followed by a
variable tubular reabsorption, which is higher at
low pH and low urinary flow rates. Fluoride
passes through the placenta and occurs in low
concentrations in saliva, sweat and milk."*** It has
been documented that the ingestion of optimally
fluoridated water does not have an adverse effect on
bone.™" The kidneys play the major role in the
removal of fluoride from the body. Normally
kidneys are very efficient and excrete fluoride very
rapidly. In case of persons  with severely
impaired renal function, who may not be on renal
dialysis, decreased fluoride removal may occur.
No cases of dental fluorosis or symptomatic
skeletal fluorosis have been reported among
persons with impaired renal function; however, the
overall health significance of reduced fluoride
removal is uncertain and continued follow-up is
recommended especially for children with
impaired renal function."” Urine tests have been
used to ascertain rates of excretion in order to set
upper limits in exposure to fluoride compounds
and associated detrimental health effects . Ingested
fluoride initially acts locally on the intestinal
mucosa, where it forms hydrofluoric acid in the
stomach. Scientific studies  have shown that
untoward effects of fluoride may be due to the
formation of aluminium fluoride complexes.”****
46,47

EFFECTS ON HUMAN BEING

Beneficial Effects

With exposure of optimal levels of fluoride in the
drinking water (0.7-1.5 mg/liter, depending on
climatic conditions), there is a clearly demon-
strated cariostatic effect. The extent of caries
reduction by various methods is influenced by the
initial caries prevalence and the standard of health
care in the community. Fluoridation of community
drinking water to prevent dental caries is
considered as one of the ten most important public
health achievements of the 20th century.”"
Fluoride has been used in the treatment of
osteoporosis, though beneficial effects have been
reported, the dose-dependent relationships and
efficacy need further clarification.

www.ijsir.co.in



International Journal of Scientific and Innovative Research 2016; 4(1)

P-ISSN 2347-2189, E- ISSN 2347-4971

Toxic Effects

Scientific studies have shown that prolonged use of
fluoride at recommended levels does not produce
any harmful physiological effects in the human.
Harmful effects in humans can occur with the
ingestion of fluoride beyond the safe limits. These
toxic effects maybe eitheracute or chronic.

Acute toxicity

Acute toxicity occurs due to single ingestion of a
large amount of fluoride. Ingestion of an acute fatal
dose of fluoride is very rare. The amount of fluoride
considered lethal when taken orally is 35-70 mg F
per kg body weight. This is equivalent to 5-10 g
sodium fluoride for a 70-kg adult and 1-2 g sodium
fluoride for a 15-kg child.”” Symptoms of acute
toxicity occur rapidly. Some of the symptoms of
acute toxicity are diffuse abdominal pain,
diarrhea, vomiting, excess salivation, and thirst.
Rapid measures should be taken to reduce fluoride
absorption.”™

As is evident from earlier studies, most cases of
acute fluoride toxicity have followed accidental
ingestion of sodium fluoride based insecticides or
rodenticides."” Currently, in advanced countries,
most cases of fluoride exposure are due to the
ingestion of dental fluoride products."” Other
sources include glass-etching or chrome-cleaning
agents like ammonium bifluoride or hydrofluoric
acid,"*" industrial exposure to fluxes used to
promote the flow of a molten metal on a solid
surface, volcanic ejecta and metal cleaners.
Malfunction of water fluoridation equipment has
happened several times, including a notable
incident in Alaska."”

Chronic toxicity

Long-term ingestion of smaller amounts of fluoride
in drinking water may cause chronic toxicity.
Excessive fluoride more than 8 ppm in drinking
water daily for many years can lead to skeletal
fluorosis. Severe cases arenormally found only in
warm climates where drinking water contains very
high levels of fluoride. Due to chronic toxicity,
bone density slowly increases; the joints stiffen and
becomes painful. At higher levels of ingestion from
2 to 8 mg daily, skeletal fluorosis may arise.
Whereas dental fluorosis is easily recognized, the
skeletal involvement is not clinically obvious until
the advanced stage and early cases may be
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misdiagnosed as rheumatoid or osteoarthritis. In
India an estimated 60 million people have been
poisoned by well water contaminated by excessive
fluoride, which is dissolved from the granite rocks.
The effects are particularly evident in the bone
deformations of children. Similar or larger
problems are anticipated in other countries
including China, Uzbekistan, and Ethiopia.[13]
Fluoride has been found to be an endocrine
disruptor that can affect the bones, brain, thyroid
gland, pineal gland and even blood sugar levels.
There have been several human and animal
studies linking fluoride to brain damage including
lower IQ in children and studies have shown that
fluoride toxicity can lead to a wide variety of health
problems, including thyroid disease, arthritis,
dementia, bone fractures, bone cancer,
osteosarcoma, genetic damage and cell death,
increased tumour and cancer rate, disrupted
immune system, damaged sperm and increased
infertility etc.

Skeletal Fluorosis
The most important toxic effect of fluoride on
human being is  skeletal  fluorosis, which is
endemic in areas with soils and water containing
high fluoride concentrations. The sources of
fluoride that contribute to the total human intake
vary geographically between endemic fluorosis
areas, but the symptoms are generally similar. They
range from skeletal histological changes, through
increases in bone density, bone morphometric
changes and exostoses to crippling skeletal
fluorosis. This condition is usually restricted to
tropical and subtropical areas and is frequently
complicated by factors such as calcium deficiency
or malnutrition. In non-endemic areas, skeletal
fluorosis has occurred as a result of industrial
exposure. This condition, whether of endemic or
industrial origin, is normally reversible by reducing
fluoride intake. High systemic fluoride exposures
can lead to skeletal fluorosis, a condition
hallmarked by osteosclerosis, ligament calcifi-
cations, and often accompanying osteoporosis,
osteomalacia, or osteopenia.”””" Skeletal fluorosis
can be complicated by malnutrition."” Early
symptoms of skeletal fluorosis include sporadic
and stiffness of joints, headache, stomach-ache
muscle weakness. The next stage is osteosclerosis
(hardening and calcifying of the bones) and finally
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the spine, major joints, muscles and nervous system
are damaged. Bone changes observed in human
skeletal fluorosis are structural and functional, with
a combination of osteosclerosis, osteomalacia,
osteoporosis and exostosis formation and
secondary hyperpara-thyroidism in a proportion of
patients. At very high fluoride concentrations,
stages 2 and 3 of skeletal fluorosis are likely to
occur. The clinical signs of these stages are chronic
joint pain, dose related calcification of ligaments,
osteosclerosis, possible osteoporosis of long bones
and in severe cases, muscle wasting and
neurological defects. Because some of the clinical
symptoms mimic arthritis, the first two clinical
phases of skeletal fluorosis could be easily
misdiagnosed. Established clinical complications
of skeletal fluorosis include arthritis,
radiculomyelopathy, quadriparesis and
pathological bone fractures ™"\

Dental Fluorosis

Concurrent with the decline in dental caries has
been an increase in the prevalence of dental
fluorosis, a side-effect of fluoride exposure. Dental
fluorosis, which is characterized by discoloured,
blackened, mottled or chalky white teeth, is a clear
indication of over exposure to fluoride during
childhood when teeth were developing.
Discolouration is always horizontally aligned on
the enamel surface, discolouration shall be away
from the gums, and the discolouration shall occur
in teeth in pairs. These effects are not apparent if
the teeth were already fully grown prior to the
fluoride exposure, therefore, the fact that an adult
may show no signs of dental fluorosis does not
necessarily mean that his or her fluoride intake is
within the safe limits. Dental fluorosis remains
highly prevalent worldwide. As recently as 2005,
23% of persons in the United States aged 6 to 39
years had very mild or greater enamel fluorosis."”
Fluorosis is a toxic manifestation of chronic (low-
dose, long-term) fluoride intake. To prevent
fluorosis from occurring in the most prominent
and/or most susceptible teeth, the most critical time
to avoid fluoride exposure is the first three to six
years of a child's life. Effect of fluoride on enamel
formation can follow several pathogenic
pathways including effect on ameloblasts, effect on
nucleation and crystal growth in all stages of
enamel formation and effect on calcium
60
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homeostasis generally with dental fluorosis as an
indirect result.””

Neurotoxicity

According to studies of National Research Council
(NRC 2006) adverse effects of high fluoride
concentrations in drinking water may be of concern
and ingestion of high fluoride concentrations my
damage the brain as fluorides have the ability to
interfere with the functions of brain.”” The results
of experimental studies conducted on animal
models have shown that fluoride accumulates in the
brain and alters mental behaviour including
effects on learning and memory in a manner
consistent with a neurotoxic agent.””™ Besides
these studies, there have been number of animal
experiments showing that fluoride can damage the
brain and impact learning and behaviour. The
results of an experimental study conducted on
animal model where the rat hippocampal neurons
were incubated with various concentrations (20
mg/L, 40 mg/L, and 80 mg/L) of sodium fluoride in
vitro have shown that fluoride neurotoxicity may
target hippocampal neurons.”” Although acute
fluoride poisoning may be neurotoxic to adults,
most of the epidemiological information available
on associations with children's neurodevelopment
is from China, where fluoride generally occurs in
drinking water as a natural contaminant, and the
concentration depends on local geological
conditions. In many rural communities in China,
populations with high exposure to fluoride in local
drinking-water sources may reside in close
proximity to populations without high exposure.”™
Fluoride readily crosses the placenta.” Fluoride
exposure to the developing brain, which is much
more susceptible to injury caused by toxicants than
1s the mature brain, may possibly lead to permanent
damage.""

Research findings have demonstrated that rats
generally require five times more fluoride to reach
the same plasma levels in humans."” further, one
animal experiment found effects at remarkably low
doses."” In this study, rats fed for one year with 1
ppm fluoride in their water (the same level used in
fluoridation programs), using either sodium
fluoride or aluminium fluoride, had morphological
changes to their kidneys and brains, an increased
uptake of aluminum in the brain, and the formation
of’beta-amyloid deposits which are associated with
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Alzheimer's disease. Other animal studies have
found effects on the brain at water fluoride levels as
low as 5 ppm.” The impact of fluoride on
intelligence has been reported by a number of
studies. Fluoride exposure may lower IQ as
evidenced by several studies from China, Iran,
India and Mexico. These studies have reported an
association between fluoride exposure and reduced
IQ. One of these studies, Lin et al. 1991 indicates
that even just moderate levels of fluoride exposure
(e.g., 0.9 ppm in the water) can exacerbate the
neurological defects of iodine deficiency. ' The
results of other studies have shown IQ reductions
at different levels of fluoride exposure ranging
from 0.3ppm to 4.12 ppm. " ***"*

A study was conducted to assess the relationship
between exposure to different drinking water
fluoride levels and children's intelligence in
Madhya Pradesh state, India, which indicates that
exposure to fluoride, is associated with reduced
intelligence in children. The study has shown a
significant inverse relationship between
intelligence and the water fluoride level, and
intelligence and the urinary fluoride level and
clearly reflects that children exposed to fluoride are
atrisk for impaired development of intelligence. "

In addition to above studies, other studies also
confirm that fluoride has negative impacts on
intelligence.”™ In a meta-analysis Tang et al.
concluded that children who lived in an endemic
fluoride area had five times higher odds of
developing low IQ than those who lived in a non-
fluoride area.™ Research studies have demon-
strated that fluoride can penetrate the blood brain
barrier.""*****! Also, it can pass through the
placenta to the fetus,™***" and with subsequent
continuous exposure to fluoride during childhood,
itmay have adverse effects on the developing brain,
thereby causing decreased intelligence in children
RSt has been observed that fluoride may
cause a reduction in the cholinesterase activity in
the brain leading to altered utilization of
acetylcholine thereby affecting the transmission of
nerve impulses in the brain tissue.™ " NaF has been
found to alter the levels of dopamine, serotonin, 5-
hydroxyindoleacetic acid, homo-vanille acid,
norepinephrine, and epinephrine, in the
hippocampus and neocortex regions of the rat
brain.”"" Yu et a/. demonstrated changes in
neurotransmitters and their receptors in the fetal

www.ijsir.co.in

brain from the endemic fluorosis area.*"Thyroid
hormones play an important role in the
development of the brain. In a study, Susheela et al.
found that elevated fluoride uptake may cause
iodine deficiency in fluorotic individuals, even
when they reside in non-iodine deficient areas.”™
Choi et al. have reviewed  different studies
related to effect of fluoride on children's
neurodevelopment and concluded that children in
high-fluoride areas had significantly lower 1Q
scores than those who lived in low-fluoride areas
and emphasized that fluoride's impact on the
developing brain should be a “high research
priority.”"”

Research studies on human subjects have
revealed an association between fluoride exposure
and impaired visual-spatial organization. "***
Further, an association between prenatal fluoride
exposure and 'fetal brain damage has also been
investigated. """

Genotoxicity

The genotoxic effects of fluoride  have been
observed in several experimental studies using
mice as animal model."""" However these
experimental studies could not provide evidence
of effect of fluoride on chromosomes in bone
marrow or sperm cells even at fluoride levels 100
times higher than that in fluoridated water. """
The results of another study to investigate
genotoxic effects of fluoride in hamster bone
marrow cells and cultured hamster ovarian cells
have shown that fluoride may not cause
chromosomal damage thereby indicating that
fluoride may not be a genetic hazard.! " Other
research studies have also shown that fluoride has
not caused genetic mutations in the most widely
used bacterial mutagenesis assay (the Ames test)
over a wide range of fluoride levels . """ In
addition to these studies , there is no sufficient
scientific basis to confirm that ingestion of fluoride
at levels found in community water fluoridation
(0.7-1.2 ppm) would have adverse effects on
human reproduction. """ In a recent study , the
effects of fluoride on formation of teeth and bones
and the influence of genetics have been described
and it has been argued that the interaction of an
individual's genetic background has offered new
insight into fluoride's physiological effects.
Fluoride has been shown to induce osteoclasto-
genesis in mice. Fluorides appear to mediate their
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actions through the MAPK (Mitogen-activated
protein kinase) signaling pathway and can lead to
changes in gene expression, cell stress, and cell
death. Different strains of inbred mice demonstrate
differential physiological responses to ingested
fluoride. Genetic studies in mice are capable of
identifying and characterizing fluoride-responsive
genetic variations. """

OTHERS

It has been observed that fluoride accumulates in
the human pineal gland to very high level. "**
Research studies on animal model have also
revealed that fluoride reduces melatonin
production leading to an earlier onset of puberty.'”
In one of the fluoridation trials in the U.S.,"*” ithas
been found that on average young girls in the
fluoridated community reached menstruation 5
months earlier than girls in the non-fluoridated
community. Fluoride has been found to affect
thyroid function. Inone ofthe studies, the results
have shown a lowering of thyroid function, among
otherwise healthy people, at 2.3 ppm fluoride in
water."”  Other studies have also revealed that
fluoride exposure at higher levels has been
associated with thyroid changes."*""” Fluoride
toxicity at high levels has been associated with
impaired kidney function and even uroli-
thiasis."*""** Fluoridemay cause cancer. Several
population — based studies  have been reported
indicating the potential link between water fluoride
levels and cancer. These studies have shown that
chronic fluoride ingestion is a possible cause of
uterine cancer and bladder cancer and there may
be a link with osteosarcoma."” """ Research studies
have shown that fluoride is an enzyme disruptor.
There are 66 enzymes which are affected by
fluoride ingestion, including P450 oxidases, as
well the enzyme which facilitates the formation of
flexible enamel."”""* Further, scientific  studies
have proved the association of chronic fluoride
ingestion with hyperkalaemia and consequent
ventricular fibrillation."*’

High fluoride levels may cause reproductive
problems as evidenced from the animal studies
which showed that fluoride administered to male
animals of different species at high doses
produced disorders on male reproductive systems
by damaging sperm and increasing the rate of
infertility species. """ further, several
62
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epidemiological  studies from USA, China and
India have shown that exposure of males and
females to high levels of fluoride caused different
reproductive disorders viz. Increased  rates of
infertility among couples, reduced level of
circulating testosterone in males, disruption of
reproductive hormones in men etc. '*"*""**'*"

DISCUSSION

Fluoride, the ionic form of fluorine, is a natural
component of the biosphere and 13th most
abundant element in the crust of the earth. It is,
therefore, found in a wide range of concentrations
in virtually all inanimate and living things.
Fluorides are naturally present in the soil, rocks,
and water throughout the world, with higher
concentrations in areas where there have been
recent/past pyroclastic activities or geologic uplift.
Fluorides are also widely used in many industrial
processes. The major sources of systemic fluoride
exposure are the diet (food and water) and fluoride-
containing dental products.

Fluoride is  known to have a protective effect
against tooth decay by preventing demineralization
of tooth enamel during attack by acid-producing
plaque bacteria. In infants and young children with
pre-erupted teeth, ingested fluoride is incorporated
into the developing enamel, making the teeth more
resistant to decay. Drinking fluoridated water or
brushing teeth with fluoride toothpaste raises the
concentration of fluoride in saliva and plaque fluid,
which reduces the rate of enamel demineralization
during the caries process and promotes the
remineralization of early caries lesions. When
ingested in water, fluoride is absorbed and secreted
back into saliva, where it can again act to inhibit
enamel demineralization. A constant, low-level of
fluoride in the mouth has been  shown to combat
the effects of plaque bacteria, which are fuelled by
dietary sugars. Drinking fluoridated water
accomplishes this through both topical and
systemic actions.

Based on extensive research, the U.S. Public
Health Service (USPHS, 1986) established the
optimum concentration for fluoride in the water in
the United States in the range of 0.7-1.2 ppm. This
range effectively reduces tooth decay while
minimizing the occurrence of dental fluorosis. The
optimum level is dependent on the annual average
of the maximum daily air temperature in the
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geographic area."” Public health authorities

worldwide agree that community water
fluoridation (CWF) is the most effective public
health measure to reduce the burden of dental
caries, reducing both its prevalence within a
population and its severity in individuals who are
affected. With a history dating back to the 1940s in
the US, CWF is now practiced in over 30 countries
around the world, providing over 370 million
people with optimally fluoridated water.
Epidemiological evidence of its efficacy and safety
has been accumulating for over six decades. The
fluoride concentrations recommended for CWF
have been set based on data from both animal
toxicology studies and human epidemiological
studies to provide a daily oral exposure that confers
maximum

Benefit without appreciable risk of adverse effects.
Naturally occurring concentrations of fluoride in
water in some parts of the world (e.g. parts of
China, Africa, and India) are much higher than
those found in fluoridated water, and in some of
these regions high fluoride intakes are known to
cause problems in teeth and bones (dental and
skeletal fluorosis).

With exposure of optimal levels of fluoride in the
drinking water (0.7-1.5 mg/litre, depending on
climatic conditions), there is a clearly
demonstrated cariostatic effect. The extent of
caries reduction by various methods is influenced
by the initial caries prevalence and the standard of
health care in the community. Fluoridation of
community drinking water to prevent dental caries
is considered as one of the ten most important
public health achievements of the 20th century."”
Fluoride has been used in the treatment of
osteoporosis , though beneficial effects have been
reported, the dose-dependent relationships and
efficacy need further clarification.

The effectiveness of fluoride is defended on two
grounds: (1) Fluoride inhibits enzymes that breed
acid producing oral  bacteria whose acids eats
away tooth enamel. Contrary to it, some scientists
now believe that the harmful effect ofhigh level of
fluoride on other useful enzymes overweighs the
beneficial effect on caries prevention (2) Fluoride
ions bind with calcium ions, strengthening tooth
enamel as it forms in children. But some
researchers now believe that excessive fluoride
intake leads to loss of calcium from the tooth
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matrix , aggravating cavity formation throughout
life rather than remedying it and so causing
dental fluorisis. Severe ,chronic and cumulative
oral exposure can cause the incurable crippling of
skeletal fluoris.

Excessive systemic exposure to fluorides can lead
to disturbances of bone homeostasis (skeletal
fluorosis) and enamel development (dental/enamel
fluorosis). The severity of dental fluorosis is also
dependent upon fluoride dose and the timing and
duration of fluoride exposure. Fluoride's actions on
bone cells predominate as anabolic effects both in
vitro and in vivo. More recently, fluoride has been
shown to induce osteoclastogenesis in mice.
Fluorides appear to mediate their actions through
the MAPK signaling pathway and can lead to
changes in gene expression, cell stress, and cell
death.

The latest information shows that fluorisis  is
indemic in at least 25 countries across the globe. As
for as Indian scenario 1s concerned, fluoride level
in ground water varies substantially in different
regions. High concentrations of fluoride (>1.5
mg/l) have been reported in the states of Haryana,
Delhi, Rajasthan, Karnataka, Uttar Pradesh,
Maharastra, Gujarat, Madhya Pradesh, Andhra
Pradesh, Tamil Nadu, Kerala, Jammu and Kashmir,
Punjab, Orissa, Himachal Pradesh, and Bihar.

" In India an estimated 60 million people have
been poisoned by well water contaminated by
excessive fluoride, which is dissolved from the
granite rocks. The effects are particularly evident in
the bone deformations of children. Similar or larger
problems are anticipated in other countries
including China, Uzbekistan, and Ethiopia.""
Fluoride has a potential to cause major adverse
human health problems, while having only a
modest dental caries prevention effect. Anumber of
potential and established adverse effects
including  cognitive impairment, hypothy-
roidism, dental and skeletal fluorosis, enzyme and
electrolyte derangement and cancer have been
reported.””’ Children may experience gastroin-
testinal distress upon ingesting excessive amounts
of flavoured toothpaste. Between 1990 and 1994,
over 628 people, mostly children, were treated
after ingesting too much fluoride-containing
toothpaste. While the outcomes were generally not
serious, gastrointestinal symptoms appear to be the
most common problem reported.
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Several studies have shown that high levels of
fluoride exposure may lead to adverse effects on
brain®, bones leadingto skeletal fluorosis ****,
kidney,”’*' teeth leading to dental
fluorosis"*, thyroid ' Prolonged or high
exposure to fluoride has been found to be an
endocrine disruptor that can affect the bones, brain,
thyroid gland, pineal gland and even blood sugar
levels. There  have been several human and
animal studies linking fluoride at higher doses to
brain damage including lower IQ in children and
studies have shown that fluoride toxicity can lead to
a wide variety of health problems, including
thyroid disease, arthritis, dementia, bone fractures,
osteosarcoma ( bone cancer), genetic damage and
cell death, increased  tumour and cancer rate,
disrupted immune system, damaged sperm and
increased infertility etc.

25,33]

Fluoride is not considered to be essential for human
growth and development but it is considered to be
beneficial in the prevention of dental caries (tooth
decay). As a result, intentional fluoridation of
drinking water and the development of fluoride
containing oral care products (toothpastes and
mouth rinses), foods (fluoridated salt) and
supplements (fluoride tablets) have been employed
since the early 20th century in several parts of the
world as a public health protective measure against
tooth decay. Additional exposure to fluoride comes
from naturally occurring water (tap and mineral)
beverages, food, and to a lesser extent from other
environmental sources. Individual and
population exposures to fluoride vary considerably
and depend on the high variability in the levels of
fluoride found in tap (be it natural or the result of
intentional  fluoridation of drinking water) and
mineral waters and on individual dietary and oral
hygiene habits and practices. The emerging picture
from all risk assessments conducted on fluoride is
that there 'exists a narrow margin between the
recommended intakes for the prevention of dental
carries and the upper limits of exposure'.
Invariably, all assessments to date call for
continued monitoring of the exposure of humans
to fluoride from all sources and an evaluation of
new scientific developments on its hazard profile.
Millions of children around the world are  exposed
to high concentration of fluoride in water and are
therefore, potentially at risk. For the benefit of the
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upcoming generations, urgent attention needs to be
focused on this substantial public health problem.
Further, efforts are warranted to reduce
unethical discharge of fluoride compounds into the
environment. Measures should be taken to use
fluoride to our advantage in achieving optimal
health. Multidisciplinary scientific research — at
molecular level on animal models andalso at-
risk human populations who are susceptible to the
unwanted or potentially adverse effects of fluoride
action using latest biotechnological approach is
need of the day in order to understand molecular
basis of fluoride action andto develop preventive
measures to safe guard the public health.
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