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Abstract

Fluoride is an naturally occurring element and enters the human body principally
through food, water, and respiration. Currently, the largest source of fluoride is
water that is fluoridated to eliminate pathogens. Fluoride in concentrations
present in beverages and products for dental hygiene is reported to be safe.
However, at high concentrations, fluoride can be extremely toxic to myriad
tissues. In this regard, the dose, duration, and age of the individual being exposed
also is of cardinal importance. Existing data is inconclusive in ascertaining an
association between fluoride and carcinogenesis. However, reports based on
preclinical and clinical study models do suggest that fluoride triggers oxidative
stress by triggering multiple mechanisms. This short review addresses these
aspects.
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Introduction

Fluorine is the 13th most abundant element and occurs ubiquitously as fluorides in
nature. It is the most electronegative element and highly reactive, showing reaction
with virtually organic and inorganic substances (IPCS 1984). Though fluoride has
beneficial effects in the form of prevention of dental caries, the beneficial effects are
overshadowed by toxic effects. Fluoride easily crosses through the cellular compo-
nents and gets distributed in the organs (Carlson et al. 1960; Jacyszyn and Marut
1986). Fluorosis is endemic in many areas of the world. The toxicity of fluoride,
fluorosis is endemic in many areas of the world. Fluoridation, in which the increase
in the level of fluoride in human community can spread though several resources like
water system, food, atmosphere, drugs, cosmetics, tooth paste and dental caries
(IPCS 1984; Jacyszyn and Marut 1986).

Excessive fluoride intake directly affects the public health and can cause fluorosis
through the consumption of groundwater rich in fluoride. In fact, reports indicate that
consuming water contaminated with fluorine is responsible for 60% of fluoridation
(Shivarajashankara and Shivashankara 2012). Mainly, a certain level of fluoride is
dissolved and can be found in rocks and soil in a wide variety, which presents in the
form of minerals such as fluorspar (CaF2), cryolite (3 NaF AlF2), apatites (3 Ca2
[PO4] 2 Ca[F] 2), mica, and hornblende. Alkaline and calcium-deficient water
components consist of more amount of fluoride (IPCS 1984; Jacyszyn and Marut
1986; Carlson et al. 1960). According to the WHO consideration, the fluoride level
in water is 0.5 to 1.0 PPM, although higher levels of fluoride exist in the regions of
interior and arid areas than coastal, moist areas (IPCS 1984). The optimum level is
required to prevent dental caries. When it is above the optimum level, it may cause
fluorosis (Browne et al. 2005; IPCS 1984).

Several studies have revealed the toxicity and role of fluoride in various compo-
nents and reported that high level of fluoride can cause skeletal and non-skeletal
fluorosis. Studies involving experimental animals have demonstrated the deleterious
effects of fluoride on cell morphology, activities of enzymes, metabolic pathways,
oxidant-antioxidant balance, and virtually all physiological processes of the body
(IPCS 1984; Buzalaf andWhitford 2011; Lu et al. 2017; Chlubeka 2002; Perera et al.
2018; Tsunoda et al. 2005; Shivarajashankara et al. 2001; Shivarajashankara and
Shivashankara 2012). Similar findings of altered homeostasis and pathological
changes have been reported with human beings in fluorosis endemic areas (IPCS
1984; Shivarajashankara and Shivashankara 2012; Rawlani et al. 2010; Blaylock
2004; Aravind et al. 2016; Green et al. 2019).

Fluoride and Cancer

Several epidemiology investigations have correlated the link between exposure to
fluoride and the risk of carcinogenesis. Various behavioral evaluations have been
carried out to understand how cancer risks are associated with fluoride deposits in
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drinking water. One such cohort analysis is that of fluoride and aluminum-rich
mineral element (cryolite) production employees and with four case-control studies
with osteosarcoma. The editorial of the journal “fluoride” in 1969 drew the attention
of researchers towards paradoxical action of fluoride; on one hand fluoride promotes
growth and on the other, it inhibits growth. Epidemiological investigation correlates
between fluoride effects in drinking water and the risk of cancer rates among the
population was shown by International Agency for Research on Cancer (IARC) with
inadequate indication of carcinogenicity progression (IARC 1987). Diverse other
epidemiological approaches have not been found with any proof showing the
relationship between cancer and water fluoride level (IPCS 2002; NRC 1993).
Even the subsequent analysis of data on animal studies by International Programme
on Chemical Safety (IPCS) revealed inadequate evidence of carcinogenicity of
fluoride (Kim et al. 2011).

Researchers have suggested an association between more fluoride accumulation
in drinking water and the incidence of osteosarcoma. Seminal studies by National
Toxicology Programme (NTP) has shown that a small increase in the incidence of
osteosarcoma occurred in experimental F344/N male rats when fed with high
concentrations of fluoride (175 ppm sodium fluoride) through drinking water for
2 years (Bucher et al. 1991). In the tenure of 2 years, the analysis showed that
0, 25, 100, or 175 ppm sodium fluoride (equivalent to 0, 11, 45, or 79 ppm
fluoride) was present in drinking water. In addition to that, similar evasive facts of
carcinogenic activity due to sodium fluoride in animals were documented based on
the occurrence of a small number of osteosarcomas in treated experimental animals
(Bucher et al. 1991). However, other studies have found no evidence of carcino-
genicity of fluoride in experimental animals. Maurer and coworkers fed rats with a
diet containing sodium fluoride (4, 10, and 25 mg/Kg per day) for up to 99 weeks.
Though fluorotic changes were observed in these animals, there was carcinoge-
nicity (Maurer et al. 1990).

To understand the mutagenicity of fluoridation, sodium fluoride was used to find
out the risk of cancer. Most of these studies have not reported any mutagenic effects
of fluoride in vivo or in vitro. Fluoride is shown to cause chromosomal aberrations at
cytotoxic concentrations of more than 10 mg/liter (IPCS 2002). It is shown that
inhibition of DNA repair and synthesis was influenced by NaF-induced aberrations
resulting in risk (Aardema et al. 1989). Further, Grandjean et al. (1992) observed
incidence of primary cancers of lungs and urinary bladder among cryolite mill
workers at Denmark and attributed it to the exposure to high levels of fluoride dust
and observed lack of exposure to other carcinogens in these workers. Follow-up
studies indicated the possible role of fluoride as a carcinogen. Cryolite is a salt of
fluoride and aluminum, and toxicity manifestations of fluoride and aluminum mimic
each other (Grandjean and Olsen 2004). Additionally, Kharb and co workers (2012)
have observed in their study that when compared to controls, patients with osteo-
sarcoma had high serum fluoride levels. Further they also observed that the drinking
water that they consumed also had high levels of fluoride indicating a link between
fluoride and osteosarcoma (Kharb et al. 2012).
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Fluoride and Apoptosis

Fluoride’s paradoxical action on growth is indicated by studies that reported apo-
ptotic effects of fluoride. Fluoridation in the liver showed increased levels of caspase
activity, high expression of BAX protein, and a concomitant decrease in Bcl-2 levels
indicating that process of the apoptosis was altered (Song et al. 2015; Zhan et al.
2006; Cao et al. 2013). When experimental mice were exposed to sodium fluoride
(NaF) at various concentrations under laboratory conditions (0 mg/kg, 12 mg/kg,
24 mg/kg, and 48 mg/kg) and observed for 42 days, high levels of malondialdehyde
with regressed mRNA expression led to decreased enzymatic and non-enzymatic
activities in the mice liver. These outbreaks assist with the soaring in TNF-R1,
FADD, caspase-8, caspase-3 mRNA, and protein expression levels in the organ in
a dose-dependent manner. Together, all these observations indicate that accumula-
tion of fluoride in the liver triggers cellular apoptosis through TNF-R1 signaling
pathway and to exacerbate the oxidative stress (Lu et al. 2017).

Conclusions

Fluoride has damaging effects on multiple organs, and the effects of fluoride are
mediated by multiple molecular mechanisms. The relationship between fluoride and
carcinogenesis is not well established. Fluoride has been inducing oxidative stress as
demonstrated by preclinical and clinical studies. However, there are limited numbers
of in vitro and in vivo studies reporting carcinogenic action of fluoride. Fluoride has
two contradicting actions of inducing carcinogenesis as well as apoptosis. An
association between incidence of osteosarcoma and fluorosis, as reported by some
researchers, is not adequate to conclude carcinogenicity of fluoride. Future research
needs to focus on the detailed analysis of fluoride and cancer with an aim of
deciphering the molecular mechanisms involved in proposed carcinogenicity of
sodium fluoride. Preclinical studies using animal models and clinical studies in
endemic fluorosis patients would be able to shed light on the relationship between
fluoride and cancer.

References

Aardema MJ, Gibson DP, LeBoeuf RA (1989) Sodium fluoride-induced chromosome aberrations in
different stages of the cell cycle: a proposed mechanism. Mutat Res 223:191–203

Aravind A, Dhanya RS, Narayan A, Sam G, Adarsh VJ, Kiran M (2016) Effect of fluoridated water
on intelligence in 10–12-year-old school children. J Int Soc Prev Community Dent 6(Suppl 3):
S237–S242. https://doi.org/10.4103/2231-0762.197204

Blaylock RL (2004) Excitotoxicity: a possible central mechanism in fluoride neurotoxicity. Fluoride
37(4):301–314

Browne D, Whelton H, O’Mullane D (2005) Fluoride metabolism and fluorosis. J Dent Res 33:
177–186

402 A. R. Shivashankara and M. S. Baliga

https://doi.org/10.4103/2231-0762.197204


Bucher JR, Hejtmancik MR, Toft JD, Persing RL, Eustis SL, Haseman JK (1991) Results and
conclusions of the National Toxicology Program’s rodent carcinogenicity studies with sodium
fluoride. Int J Cancer 48(5):733–737

Buzalaf MAR, Whitford GM (2011) Fluoride metabolism. Monogr Oral Sci 22:20–36
Cao J, Chen J, Wang J, Jia R, Xue W, Luo Y et al (2013) Effects of fluoride on liver apoptosis

and Bcl-2, Bax protein expression in freshwater teleost, Cyprinus carpio. Chemosphere 91:
1203–1212

Carlson CH, Armstrong WD, Singer L (1960) Distribution and excretion of radiofluoride in the
human. Proc Soc Exp Biol (NY) 104:235–239

Chlubeka D (2002) Fluoride and oxidative stress. Fluoride 36:217–228
Editorial (1969) Fluoride and cancer. Fluoride 2:136–140
Grandjean P, Olsen JH (2004) Extended follow up of cancer incidence in fluoride-exposed workers.

J Natl Cancer Inst 96:802–803
Grandjean P, Olsen JH, Jensen OM, Juel K (1992) Cancer incidence and mortality in workers

exposed to fluoride. J Natl Cancer Inst 84:1903–1909
Green R, Lanphear B, Hornung R, Flora D, Martinez-Mier EA, Neufeld R et al (2019) Association

between maternal fluoride exposure during pregnancy and IQ scores in offspring in Canada.
JAMA Pediatr 173(10):940–948

IARC (1987) Overall evaluation of carcinogenicity: an updating of IARC monograph, vol 1–42.
International Agency for Research on Cancer, Lyon, pp 208–210

IPCS (2002) Fluorides. International Programme on chemical safety (Environmental health criteria
227). WHO, Geneva

IPCS task group on environmental health criteria for Fluorine and fluorides (1984) Environmental
health criteria for fluorine and fluorides. WHO, Geneva

Jacyszyn K, Marut A (1986) Fluoride in blood and urine in humans administered fluoride and
exposed to fluoride-polluted air. Fluoride 19(1):26–32

Kharb S, Sandhu R, Kundu ZS (2012) Fluoride levels and osteosarcoma. South Asian J Cancer
1(2):76–77

Kim FM, Hayes C, Williams PL, Whitford GM, Joshipura KJ, Hoover RN et al (2011) An
assessment of bone fluoride and osteosarcoma. J Dent Res 90(10):1171–1176

Lu Y, Luo Q, Cui H, Deng H, Kuang P, Liu H et al (2017) Sodium fluoride causes oxidative stress
and apoptosis in the mouse liver. Aging 9:1623–1639

Maurer JK, Cheng MC, Boysen BG, Anderson RL (1990) Two-year carcinogenicity study of
sodium fluoride in rats. J Natl Cancer Inst 82:1118–1126

National Research Council (NRC), Subcommittee on Health Effects of Ingested Fluoride (1993)
Carcinogenicity of fluoride. In: Health effects of ingested fluoride. National Academy Press,
Washington, DC

Perera T, Ranasinghe S, Waduge R (2018) Effect of fluoride on major organs with the different time
of exposure in rats. Environ Health Prev Med 23(1):17. https://doi.org/10.1186/s12199-018-
0707-2

Rawlani S, Rawlani S, Rawlani S (2010) Assessment of skeletal and non-skeletal fluorosis in
endemic fluoridated areas of Vidharbha Region, India: a survey. Indian J Community Med
35(2):298–301. https://doi.org/10.4103/0970-0218.66868

Shivarajashankara YM, Shivashankara AR (2012) Neurotoxic effects of fluoride in endemic
skeletal fluorosis and experimental chronic fluoride toxicity. J Clin Diagn Res 6:740–744

Shivarajashankara YM, Shivashankara AR, Gopalakrishna BP, Rao SH (2001) Oxidative stress in
children with endemic skeletal fluorosis. Fluoride 34:103–107

Song GH, Huang FB, Gao JP, Liu ML, Pang WB, Li W et al (2015) Effects of fluoride on DNA
damage and caspase-mediated apoptosis in the liver of rats. Biol Trace Elem Res 166:173–182

Tsunoda M, Aizawa Y, Nakano K, Liu Y, Horiuchi T, Itai K et al (2005) Changes in fluoride levels
in the liver, kidney and brain and in neurotransmitters of mice after subacute administration of
fluoride. Fluoride 38(4):284–292

Zhan XA, Wang M, Xu ZR, Li WF, Li JX (2006) Evaluation of caspase-dependent apoptosis during
fluoride-induced liver lesion in pigs. Arch Toxicol 80:74–80

24 Fluoride as a Carcinogen: A Myth or Fact? 403

https://doi.org/10.1186/s12199-018-0707-2
https://doi.org/10.1186/s12199-018-0707-2
https://doi.org/10.4103/0970-0218.66868

	24 Fluoride as a Carcinogen: A Myth or Fact?
	Introduction
	Fluoride and Cancer
	Fluoride and Apoptosis
	Conclusions
	References


