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Abstract .
* Fluorosis
Fluorosis disease in domestic animals is a worldwide health problem and is * Goat
endemic in areas where fluoride is found in the environment, such as in water, soil, * Ruminants
food, and air. Fluoride-related disease in animals is usually caused by consumption * Sheep
of vegetation and water contaminated with fluoride. Fluorosis, caused by prolonged * Species susceptibility
* Tolerance

exposure to fluoride, is found not only in various species of wild and domestic
animals but also in humans. Clinically, the disease is characterized by tooth and
bone lesions that are permanent and irreversible and easily visible. In its severe form,
bone lesions eventually cause severe pain and develop lameness that may persist
throughout the animal’s life. Endemic fluorosis in different species of domestic
animals, such as water buffaloes (Bubalus bubalis), cattle (Bos taurus), horses (Equus
caballus), donkeys (E. asinus), dromedary camels (Camelus dromedarius), sheep
(Ovis aries), and goats (Capra hircus) living different geographical provinces has
been well documented. To determine which species have more and less tolerance
to fluorosis, comparative studies will be needed in these animals living in areas
with approximately similar fluoride exposure or in areas with approximately similar
fluoride levels in drinking water sources. Recent studies conducted on these animals
living in areas where fluoride levels in drinking water sources are almost uniform
have reported variations in the prevalence and severity of fluorosis among these
animal species. Among these domestic animals, the lowest prevalence and severity of
fluorosis was observed in sheep and goats living in areas with low and high fluoride
levels in drinking water sources. This may be because these ruminants have greater
tolerance or less susceptibility to fluorosis than their counterparts. However, more
solid research is needed in different species of animals to unanimously accept or prove
it. Current communications focus on the diverse factors or determinants responsible
for high tolerance to fluorosis in small ruminants, sheep and goats. Along with this,
the research gaps are also highlighted for the researchers to do some advance research
work on fluorosis in different species of domestic animals.

INTRODUCTION

Fluorine (F) is the most electronegative and highly reactive
element, hence, not found free in the nature in element form. It
has strong affinity to combine chemically with other elements to
form compounds or is commonly found in nature primarily in the
bound forms, called fluorides (F). The main natural reservoirs
of fluoride in the biosphere are surface rocks and deposits,
soils, and oceans [1, 2]. Rock deposits containing high levels of
fluoride and its concentrations in groundwater are due to their
chemical properties such as decomposition, dissociation and
dissolution and interaction with water [3]. Primary sources of
industrial fluoride emissions include the coal burning thermal
power stations and production of aluminum, chemicals and

plastics, agricultural pesticides, glass and ceramics (including
brick), manufacturing of dyes and metal parts, and oil drilling
and refining [4]. Ultimately, industrial fluoride contaminates the
surface water and vegetation.

Fluoride-related diseases in animals Fluorosis is usually
caused by chronic consumption of fluoride-contaminated
vegetation (food) and water. In animals, fluoride is readily
absorbed and has a high affinity for mineralized or calcified
tissues such as teeth and bone. In general, mammals are more
susceptible to fluorosis than birds, amphibians, reptiles, and fish.
Small mammals like rabbits, guinea pigs, rats, mice, and some
wild rodents are highly susceptible to fluoride toxicity. Among
domestic animals, ruminants have less fluoride tolerance than
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simple-stomach animals. Carnivores are even more tolerant than
herbivorous simple-stomach animals. Poultry are highly tolerant
to fluoride. On the other hand, insects, some other invertebrates,
and soft water dwelling fish have low fluoride tolerance [5,6].
The primary manifestations of long-term exposure to fluoride
in domestic animals are known as dental and skeletal fluorosis.
Chronic fluorosis has been recorded and reported primarily in
several species of domestic animals, such as water buffaloes
(Bubals bubalis), cattle (Bos taurus), horses (Equus caballus),
donkeys (E. asinus), dromedary camels (Camelus dromedarius),
sheep (Ovis aries), and goats (Capra hircus) [7-31]. However,
acute poisoning in domestic animals due to high doses of fluoride
is uncommon. Fluorosis or chronic fluoride intoxication occurs
not only in domestic animals but also in wild animals or wildlife
[32-37] and humans [38-52] when exposed to fluoride. However,
varying prevalence and severity of fluorosis in different species
of domestic animals has been reported by several workers. But
which of these species has comparatively greater tolerance
or lesser sensitivity to fluoride or fluorosis and why this is
so has been critically discussed and justified in the present
communication. Additionally, research gaps for further advance
work on susceptibility to fluorosis in different species of domestic
animals are also highlighted.

FLUOROSIS IN ANIMALS

Almost all types of domestic animals develop fluorosis due to
prolonged exposure to fluoride or ingestion of excessive amounts
of fluoride. As fluoride levels increase or fluoride accumulates
in mineralized tissues, a series of characteristic lesions develop
and are observed in the teeth (dental fluorosis) and bones
(osteo or skeletal fluorosis). Dental fluorosis typically manifests
as an abnormal appearance or quality of dental enamel, or the
complete absence of enamel [53]. In young animals, increased
levels of fluoride affect the production of tooth enamel. Light to
dark brown stains on the enamel and irregular wear of teeth are
the initial or first pathognomonic symptoms of chronic fluoride
intoxication (Figures 1).

Skeletal fluorosis is very painful and even more dangerous
than dental fluorosis and is of utmost importance as it reduces
mobility by causing gradual changesinthebonessuchasperiosteal
exostosis, osteoporosis, osteoporosis, and osteophytosis [54-57].
These changes manifest clinically as vague aches and pains in the
body and joints associated with stiffness, lameness, reduced body
growth, and detectable bone lesions. These changes in bone are
progressive and irreversible and become severe as animals age
and as the duration and frequency of fluoride exposure increases.
Intermittent lameness, enlarged joints, emaciation, invalidity,
body muscle wasting and bone lesions in the ribs, metacarpus
and metatarsus regions were well recognized in animals suffering
from severe skeletal fluorosis (Figure 1). Excess accumulation of
fluoride in muscles also reduces mobility and this condition leads
to lameness in animals.

Apart from dental and bone lesions fluoride causes various
histological, biochemical, and physiological changes in the soft

Figure 1 Dental fluorosis and skeletal fluorosis in sheep (Figures a,b)

and goats (Figures ¢, d).Dental fluorosis characterized with
brownish staining with wearing of teeth whereas skeletal fluorosis is
characterized with intermittent lameness, enlarged joints, emaciation,
invalidity, and body muscle wasting.

organsofanimals (non-skeletal fluorosis) and due to these changes
various health complaints develop in sheep and goat animals.
The most common of these complaints are gastrointestinal
discomforts (intermittent diarrhea or constipation, abdominal
pain, flatulence, etc.), tendency to urinate frequently (polyuria),
excessive thirst (polydipsia), lethargy, muscle weakness, irregular
reproductive cycles, miscarriage, stillbirth, etc. [58]. However,
these health effects are temporary and may be reversed within a
few days after removing the source of fluoride exposure. It is not
necessary that all these fluoride- induced health outcomes occur
at the same time in the animal.

FLUOROSIS TOLERANCE IN SHEEP AND GOAT
RUMINANTS

Among livestock and domestic animals, cattle are considered
the most vulnerable species [59]. Dental and skeletal fluoroses
have been documented in several species, but most commonly
in humans and hoofed animals, including domestic animals [60].
However, without comparative studies on the prevalence and
severity of fluorosis in different species living in areas where
fluoride levels in drinking water are almost the same, it is very
difficult to justify or say which species of domestic animals is
relatively more or less tolerant to fluorosis or fluoride poisoning.
Nevertheless, few such studies are available and have been
conducted in areas where drinking water sources have low and
high fluoride concentrations. Prevalence and severity of dental
and skeletal fluorosis in different species of buffaloes, cattle,
donkeys, horses, dromedary camels, sheep and goats, at low
(<1.5 ppm) and high (>3.0 ppm) levels of fluoride in drinking
water sources shown in tables 1 and 2. The findings revealed

J Vet Med Res 11(1): 1261 (2024)

2/5



@SCiMedCcntral

Choubisa SL (2024)

Table 1: Prevalence (%) of Dental Fluorosis (DF) and Skeletal Fluorosis (SF) in immature animals of different species living in areas with low F (< 1.5ppm) in drinking water

[18].
i No. of animals (age) No. of Animals Showed
Animals (spp) . Total
Investigated DF SF
Buffaloes (B. bubalis) 78 (< 3 years) 41 (52.56) 8(10.25) 49 (62.82)
Cattle (B. taurus) 89 (< 3 years) 44 (49.43) 8(8.98) 52 (58.42)
Donkey (E. asinus) 30 (< 3 years) 5(16.66) - (0.00) 5 (16.66)
Horses (E. caballus) 21 (< 3 years) 3(14.28) - (0.00) 3(14.28)
Camels (C.dromrdarius) 23 (< 6 years) - (0.00) - (0.00) - (0.00)
Sheep (0. aries) 92 (< 1year) - (0.00) - (0.00) - (0.00)
Goats (C. hircus) 96 (< 1 year) - (0.00) - (0.00) - (0.00)

Table 2: Prevalence (%) of Dental Fluorosis (DF) and Skeletal Fluorosis (SF) in domestic animals living in areas with high F content (> 3.0 ppm) in drinking water. Lameness
indicates severity of skeletal fluorosis [19].

Immature Animals Mature Animals
Animal (species) L
DF SF DF SF

Buffaloes 62/64 (96.8) 22/64 (34.3) 209/312 (66.9) 188/312 (60.2) +++
Cattle 63/78 (80.7) 21/78(26.9) 328/518 (63.3) 267/518 (51.5) +++

Donkeys 16/33 (48.4) 6/33(18.1) 39/106 (36.7) 28/106 (26.4) ++
Horses 7/16 (43.7) 3/16 (18.7) 23/70 (32.8) 17/70 (24.2) ++
Camels 4/18(22.2) 2/18 (11.1) 13/67 (19.4) 12/67 (17.9) +
Sheep 12/126 (9.5) -/126 (0.0) 112/544 (20.5) 54/544 (9.9) +
Goats 8/108 (7.4) -/108 (0.0) 102/538 (18.9) 47/538 (8.7) +

+: mild; ++: moderate; +++: severe

that the prevalence and severity of dental and skeletal fluorosis
in sheep and goats is the lowest compared to their counterparts.
This suggests that both ruminant species have high tolerance
or low susceptibility to fluorosis. There is no doubt that the
prevalence and severity of fluoride toxicity depends on the level
of fluoride in drinking water and the duration and frequency of
fluoride exposure. But other determinants like age, sex, food,
nutrients and chemical components of water, environmental
factors, etc. also control fluoride toxicity [61-67]. On the other
hand, the natural food of both species is completely different
from the food of other herbivore species and contains ample
amounts of Calcium (Ca) and ascorbic acid (vitamin C) which are
antidotes to fluorosis [68, 69]. Apart from these determinants,
“genetics” of both the species is also one of the important factors
that highly influence tolerance, susceptibility and sensitivity in
animals as well as humans [70]. However, more extensive and
deep research or epidemiological studies are still needed on this
topic to unanimously accept that food nutrients and genetics play
a more important role in fluoride toxicity in different species of
animals.

CONCLUSION

Fluorosis is the result of chronic fluoride exposure for
prolonged period. Studies on fluorosis in different species of
domestic animals show that the prevalence and severity of
fluorosis varies from species to species. Among various species
of domestic animals, the prevalence and severity of fluorosis has
been found to be lowest in sheep and goat animals. This shows
that these ruminant species have greater tolerance to fluorosis
than other species of domestic animals. However, the prevalence
and severity of fluorosis depends greatly on the fluoride
concentration and its duration and frequency of exposure, age,
sex, diet, nutrients, and environmental factors, etc. But food
nutrients and the “genetics” of animals are also most important
factors causing variation in fluoride toxicity in animals.

ACKNOWLEDGMENT

The author thanks to Dr. Darshana Choubisa, Professor,
Department Prosthodontics and Crown & Bridge, Geetanjali
Dental and Research Institute, Udaipur, Rajasthan 313002, India
for cooperation.

REFERENCES

1. Stein L. Fluorides. In: Vostal J], editor. Biologic Effects of Atmospheric
Pollutants. Washington DC: National Academy of Sciences. 1971.

2. WHO. Fluorides: Environmental Health Criteria 227. 2002.

3. Choubisa SL. Fluoride distribution and fluorosis in some villages of
Banswara district of Rajasthan. Indian ] Environ Health. 1997; 39:
281-288.

4. Choubisa SL. Fluoride distribution in drinking groundwater in
Rajasthan, India. Curr Sci. 2018; 114: 1851-1857.

5. Ranjan R, Ranjan A. Fluoride Tolerance. In: Fluoride Toxicity in
Animals. Springer Briefs in Animal Sciences. Cham: Springer. 2015.

6. NPI. National Pollutant Inventory, Fluoride compounds from all
sources, 2013/2014 data within Australia. Natl Poll Invent. 2014.

7. Choubisa SL, Pandya H, Choubisa DK, Sharma OP, Bhatt SK, Khan
IA. Osteo-dental fluorosis in bovines of tribal region in Dungarpur
(Rajasthan). ] Environ Biol. 1996; 17: 85-92.

8. Choubisa SL. Chronic fluoride intoxication (fluorosis) in tribes and
their domestic animals. Intl ] Environ Stud. 1999; 56: 703-716.

9. Choubisa SL. Some observations on endemic fluorosis in domestic
animals of southern Rajasthan (India). Vet Res Commun. 1999; 23:
457-465.

10. Choubisa SL. Fluoride toxicity in domestic animals in Southern
Rajasthan. Pashudhan. 2000; 15: 5.

11. Choubisa SL. Fluoridated ground water and its toxic effects on
domesticated animals residing in rural tribal areas of Rajasthan
(India). Intl ] Environ Stud. 2007; 64: 151-159.

J Vet Med Res 11(1): 1261 (2024)

3/5


https://www.inchem.org/documents/ehc/ehc/ehc227.htm
https://www.semanticscholar.org/paper/Fluoride-distribution-and-fluorosis-in-some-of-of-Choubisa/56c19d4fde5d4f7d287d583c34fceb12e3b7f6a9
https://www.semanticscholar.org/paper/Fluoride-distribution-and-fluorosis-in-some-of-of-Choubisa/56c19d4fde5d4f7d287d583c34fceb12e3b7f6a9
https://www.semanticscholar.org/paper/Fluoride-distribution-and-fluorosis-in-some-of-of-Choubisa/56c19d4fde5d4f7d287d583c34fceb12e3b7f6a9
https://www.currentscience.ac.in/Volumes/114/09/1851.pdf
https://www.currentscience.ac.in/Volumes/114/09/1851.pdf
https://www.researchgate.net/publication/283611631_Osteo-dental_fluorosis_in_bovines_of_tribal_region_in_Dungarpur_Rajasthan
https://www.researchgate.net/publication/283611631_Osteo-dental_fluorosis_in_bovines_of_tribal_region_in_Dungarpur_Rajasthan
https://www.researchgate.net/publication/283611631_Osteo-dental_fluorosis_in_bovines_of_tribal_region_in_Dungarpur_Rajasthan
https://www.tandfonline.com/doi/abs/10.1080/00207239908711233
https://www.tandfonline.com/doi/abs/10.1080/00207239908711233
https://pubmed.ncbi.nlm.nih.gov/10598076/#:~:text=The overall prevalence of skeletal,fluoride concentration of 3.2 ppm.
https://pubmed.ncbi.nlm.nih.gov/10598076/#:~:text=The overall prevalence of skeletal,fluoride concentration of 3.2 ppm.
https://pubmed.ncbi.nlm.nih.gov/10598076/#:~:text=The overall prevalence of skeletal,fluoride concentration of 3.2 ppm.
https://www.researchgate.net/publication/232838293_Fluoridated_ground_water_and_its_toxic_effects_on_domesticated_animals_residing_in_rural_tribal_areas_of_Rajasthan_India
https://www.researchgate.net/publication/232838293_Fluoridated_ground_water_and_its_toxic_effects_on_domesticated_animals_residing_in_rural_tribal_areas_of_Rajasthan_India
https://www.researchgate.net/publication/232838293_Fluoridated_ground_water_and_its_toxic_effects_on_domesticated_animals_residing_in_rural_tribal_areas_of_Rajasthan_India

@SCiMedCentral

Choubisa SL (2024)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Choubisa SL. Dental fluorosis in domestic animals. Curr Sci. 2008; 95:
1674-1675.

Choubisa SL. Osteo-dental fluorosis in horses and donkeys of
Rajasthan. India. Fluoride. 2010; 43: 5-10.

Choubisa SL. Fluorosis in dromedary camels of Rajasthan, India.
Fluoride. 2010; 43: 194-199.

Choubisa SL, Mishra GV, Sheikh Z, Bhardwaj B, Mali P, Jaroli V]. Toxic
effects of fluoride in domestic animals. Adv Pharmacol Toxicol. 2011;
12:29-37.

Choubisa SL. Status of fluorosis in animals. Proc Natl Acad Sci. India
Sect B: Biol Sci. 2012; 82: 331-339.

Choubisa SL, Modasiya V, Bahura CK, Sheikh Z. Toxicity of fluoride in
cattle of the Indian Thar Desert, Rajasthan, India. Fluoride. 2012; 45
:371-376.

Choubisa SL. Fluoride toxicosis in immature herbivorous domestic
animals living in low fluoride water endemic areas of Rajasthan,
India: an observational survey. Fluoride. 2013; 46: 19-24.

Choubisa SL. Fluorotoxicosis in diverse species of domestic animals
inhabiting areas with high fluoride in drinking waters of Rajasthan,
India. Proc Natl Acad Sci, India Sect B: Biol Sci. 2013; 83: 317-321.

Choubisa SL, Mishra GV. Fluoride toxicosis in bovines and flocks
of desert environment. Intl ] Pharmacol Biol Sci. 2013; 7: 35-40.

Choubisa SL. Industrial fluorosis in domestic goats (Capra hircus),
Rajasthan, India. Fluoride. 2015; 48: 105-115.

Choubisa SL. A brief and critical review on hydrofluorosis in diverse
species of domestic animals in India. Environ Geochem Health. 2018;
40:99-114.

Choubisa SL. Chronic fluoride exposure and its diverse adverse
health effects in bovine calves in India: an epitomised review. Global
] Biol Agric Health Sci. 2021; 10: 1-6. Or 10:107.

Choubisa SL. A brief and critical review of chronic fluoride poisoning
(fluorosis) in domesticated water buffaloes (Bubalus bubalis) in
India: focus on its impact on rural economy. ] Biomed Res Environ
Sci. 2022; 3: 96-104.

Choubisa SL. A brief review of chronic fluoride toxicosis in the small
ruminants, sheep and goats in India: focus on its adverse economic
consequences. Fluoride. 2022; 55: 296-310.

Choubisa SL. A brief and critical review of endemic fluorosis in
domestic animals of scheduled area of Rajasthan, India: focus on its
impact on tribal economy. Clinic Res Anim Sci. 2023; 3: 1-11.

Choubisa SL. Endemic hydrofluorosis in cattle (Bos taurus) in India:
an epitomised review. Intl ] Vet Sci Technol. 2023; 8: 001-007.

Choubisa SL. Industrial fluoride emissions are dangerous to animal
health, but most ranchers are unaware of it (editorial). Austin
Environ Sci. 2023; 8: 1-4, id 1089.

Choubisa SL. A brief review of industrial fluorosis in domesticated
bovines in India: focus on its socio-economic impacts on livestock
farmers. ] Biomed Res. 2023; 4: 8-15.

Choubisa SL. Chronic fluoride poisoning in domestic equines, horses
(Equus caballus) and donkeys (Equus asinus). ] Biomed Res. 2023; 4:
29-32.

Choubisa SL. A briefreview of endemic fluorosis in dromedary camels
(Camelus dromedarius) and focus on their fluoride susceptibility.
Austin ] Vet Sci Anim Husband. 2023; 10: 1-6,id1117.

Kierdorf H, Kierdorf U, Richardse A. Disturbed enamel formation
in wild boars (Sus scrofa L.) from fluoride polluted areas in Central
Europe. Anatom Rec. 2000; 259: 12-24.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Duncan M, Crawshaw GJ, Mehren KG, Pritzker KPH, Mendes M,
Smith DA. Multicentric hyperostosis consistent with fluorosis in
captive fruit bats (Pteropus giganteus, P. poliocephalus, and Rousettus
aegyptiacus).] Zoo Wildlife Medicin. 1996; 27: 325-338.

Walton KC. Tooth damage in field voles, wood mice and moles in
areas polluted by fluoride from an aluminium reduction plant. Sci
Total Environ. 1987; 65: 257-260.

Boulton IC, Cooke JA, Johnson MS. Fluoride accumulation and toxicity
in wild small mammals. Environ Poll. 1994; 85: 161-167.

Kim S, Stair EL, Lochmiller RL, Rafferty DP, Schroder JL, Basta NT,
et al. Widespread risks of dental fluorosis in cotton rats (Sigmodon
hispidus) residing on petrochemical waste sites. ] Toxicol Environ
Health Part A. 2001; 62: 107-125.

Death C, Coulson G, Kierdorf U, Kierdorf H, Ploeg R, Firestone SM, et
al. Skeletal fluorosis in marsupials: A comparison of bone lesions in
six species from an Australian industrial site. Sci Total Environ. 2017;
584-585:1198-1211.

Choubisa SL, Sompura K, Bhatt SK, Choubisa DK, Pandya H, Joshi SC,
et al. Prevalence of fluorosis in some villages of Dungarpur district of
Rajasthan. Indian ] Environ Health. 1996; 38: 119-126.

Choubisa SL, Verma R. Skeletal fluorosis in bone injury case. ] Environ
Biol. 1996; 17: 17-20.

Choubisa SL, Sompura K. Dental fluorosis in tribal villages of
Dungarpur district (Rajasthan). Poll Res. 1996; 15: 45-47.

Choubisa SL, Choubisa DK, Joshi SC, Choubisa L. Fluorosis in some
tribal villages of Dungarpur district of Rajasthan, India. Fluoride.
1997; 30: 223-228.

Choubisa SL. Fluorosis in some tribal villages of Udaipur district
(Rajasthan). ] Environ Biol. 1998; 19: 341-352.

Choubisa SL. Endemic fluorosis in southern Rajasthan (India).
Fluoride. 2001; 34: 61-70.

Choubisa SL, Choubisa L, Choubisa DK. Endemic fluorosis in
Rajasthan. Indian ] Environ Health. 2001; 43: 177-189.

Choubisa SL. Fluoride in drinking water and its toxicosis in tribals,
Rajasthan, India. Proc Natl Acad Sci, India Sect B: Biol Sci. 2012; 82:
325-330.

Choubisa SL, Choubisa D. Neighbourhood fluorosis in people residing
in the vicinity of superphosphate fertilizer plants near Udaipur city of
Rajasthan (India). Environ Monit Assess. 2015; 187: 497.

Choubisa SL, Choubisa D. Status of industrial fluoride pollution and
its diverse adverse health effects in man and domestic animals in
India. Environ Sci Poll Res. 2016; 23: 7244-7254.

Choubisa SL. A brief and critical review of endemic hydrofluorosis in
Rajasthan, India. Fluoride. 2018; 51: 13-33.

Choubisa SL, Choubisa D. Genu-valgum (knock-knee) syndrome in
fluorosis- endemic Rajasthan and its current status in India. Fluoride.
2019; 52: 161-168.

Choubisa SL. Status of chronic fluoride exposure and its adverse
health consequences in the tribal people of the scheduled area of
Rajasthan, India. Fluoride. 2022; 55: 8-30.

Choubisa SL, Choubisa D, Choubisa A. Fluoride contamination of
groundwater and its threat to health of villagers and their domestic
animals and agriculture crops in rural Rajasthan, India. Environ
Geochem Health. 2023; 45: 607-628.

Choubisa SL, Choubisa D, Choubisa A. Can people get fluorosis from
drinking water from surface water sources? Fluoride test of water
mandatory before its supply. SciBase Epidemiol Public Health. 2023;
1: 1006.

J Vet Med Res 11(1): 1261 (2024)

4/5


https://fluoridealert.org/studytracker/16238/
https://fluoridealert.org/studytracker/16238/
https://fluoridealert.org/studytracker/16238/
https://fluoridealert.org/studytracker/16238/
https://pubmed.ncbi.nlm.nih.gov/3317818/
https://pubmed.ncbi.nlm.nih.gov/3317818/
https://pubmed.ncbi.nlm.nih.gov/3317818/
https://pubmed.ncbi.nlm.nih.gov/15091672/
https://pubmed.ncbi.nlm.nih.gov/15091672/
https://www.researchgate.net/publication/289896063_Prevalence_of_Fluorosis_in_Some_Villages_of_Dungarpur_District_of_Rajasthan
https://www.researchgate.net/publication/289896063_Prevalence_of_Fluorosis_in_Some_Villages_of_Dungarpur_District_of_Rajasthan
https://www.researchgate.net/publication/289896063_Prevalence_of_Fluorosis_in_Some_Villages_of_Dungarpur_District_of_Rajasthan
https://www.researchgate.net/publication/353243523_Dental_fluorosis_in_tribal_villages_of_Dungarpur_district_Rajasthan
https://www.researchgate.net/publication/353243523_Dental_fluorosis_in_tribal_villages_of_Dungarpur_district_Rajasthan
https://fluoridealert.org/studytracker/18025/
https://fluoridealert.org/studytracker/18025/
https://fluoridealert.org/studytracker/18025/
https://www.researchgate.net/publication/286889911_Fluorosis_in_some_tribal_villages_of_Udaipur_district_Rajasthan
https://www.researchgate.net/publication/286889911_Fluorosis_in_some_tribal_villages_of_Udaipur_district_Rajasthan
https://www.fluoridealert.org/wp-content/uploads/choubisa-2001.pdf
https://www.fluoridealert.org/wp-content/uploads/choubisa-2001.pdf
https://pubmed.ncbi.nlm.nih.gov/12395525/#:~:text=Chronic fluoride (F) toxicity in,of Dungarpur district (Rajasthan) where
https://pubmed.ncbi.nlm.nih.gov/12395525/#:~:text=Chronic fluoride (F) toxicity in,of Dungarpur district (Rajasthan) where
https://www.researchgate.net/publication/257808733_Fluoride_in_Drinking_Water_and_its_Toxicosis_in_Tribals_of_Rajasthan_India
https://www.researchgate.net/publication/257808733_Fluoride_in_Drinking_Water_and_its_Toxicosis_in_Tribals_of_Rajasthan_India
https://www.researchgate.net/publication/257808733_Fluoride_in_Drinking_Water_and_its_Toxicosis_in_Tribals_of_Rajasthan_India
https://pubmed.ncbi.nlm.nih.gov/26160742/#:~:text=Chronic industrial fluoride toxicosis in,Udaipur city of Rajasthan%2C India.
https://pubmed.ncbi.nlm.nih.gov/26160742/#:~:text=Chronic industrial fluoride toxicosis in,Udaipur city of Rajasthan%2C India.
https://pubmed.ncbi.nlm.nih.gov/26160742/#:~:text=Chronic industrial fluoride toxicosis in,Udaipur city of Rajasthan%2C India.
https://pubmed.ncbi.nlm.nih.gov/26903127/
https://pubmed.ncbi.nlm.nih.gov/26903127/
https://pubmed.ncbi.nlm.nih.gov/26903127/
https://www.researchgate.net/publication/351960517_A_BRIEF_AND_CRITICAL_REVIEW_OF_ENDEMIC_HYDROFLUOROSIS_IN_RAJASTHAN_INDIA
https://www.researchgate.net/publication/351960517_A_BRIEF_AND_CRITICAL_REVIEW_OF_ENDEMIC_HYDROFLUOROSIS_IN_RAJASTHAN_INDIA
https://www.fluorideresearch.org/522/files/FJ2019_v52_n2_p161-168_sfs.pdf
https://www.fluorideresearch.org/522/files/FJ2019_v52_n2_p161-168_sfs.pdf
https://www.fluorideresearch.org/522/files/FJ2019_v52_n2_p161-168_sfs.pdf
https://www.researchgate.net/publication/361388877_Status_of_chronic_fluoride_exposure_and_its_adverse_health_consequences_in_the_tribal_people_of_the_scheduled_area_of_Rajasthan_India
https://www.researchgate.net/publication/361388877_Status_of_chronic_fluoride_exposure_and_its_adverse_health_consequences_in_the_tribal_people_of_the_scheduled_area_of_Rajasthan_India
https://www.researchgate.net/publication/361388877_Status_of_chronic_fluoride_exposure_and_its_adverse_health_consequences_in_the_tribal_people_of_the_scheduled_area_of_Rajasthan_India
https://pubmed.ncbi.nlm.nih.gov/35428904/
https://pubmed.ncbi.nlm.nih.gov/35428904/
https://pubmed.ncbi.nlm.nih.gov/35428904/
https://pubmed.ncbi.nlm.nih.gov/35428904/
https://www.researchgate.net/publication/377106342_Can_People_Get_Fluorosis_from_Drinking_Water_from_Surface_Water_Sources_Fluoride_Test_of_Water_Mandatory_Before_its_Supply
https://www.researchgate.net/publication/377106342_Can_People_Get_Fluorosis_from_Drinking_Water_from_Surface_Water_Sources_Fluoride_Test_of_Water_Mandatory_Before_its_Supply
https://www.researchgate.net/publication/377106342_Can_People_Get_Fluorosis_from_Drinking_Water_from_Surface_Water_Sources_Fluoride_Test_of_Water_Mandatory_Before_its_Supply
https://www.researchgate.net/publication/377106342_Can_People_Get_Fluorosis_from_Drinking_Water_from_Surface_Water_Sources_Fluoride_Test_of_Water_Mandatory_Before_its_Supply
http://re.indiaenvironmentportal.org.in/files/Dental fluorosis in domestic animals.pdf
http://re.indiaenvironmentportal.org.in/files/Dental fluorosis in domestic animals.pdf
https://www.researchgate.net/publication/299182307_Osteo-dental_fluorosis_in_domestic_horses_and_donkeys_in_Rajasthan_India
https://www.researchgate.net/publication/299182307_Osteo-dental_fluorosis_in_domestic_horses_and_donkeys_in_Rajasthan_India
https://www.researchgate.net/publication/289151623_Fluorosis_in_dromedary_camels_in_Rajasthan_India
https://www.researchgate.net/publication/289151623_Fluorosis_in_dromedary_camels_in_Rajasthan_India
https://www.researchgate.net/publication/352029443_TOXIC_EFFECTS_OF_FLUORIDE_IN_DOMESTIC_ANIMALS
https://www.researchgate.net/publication/352029443_TOXIC_EFFECTS_OF_FLUORIDE_IN_DOMESTIC_ANIMALS
https://www.researchgate.net/publication/352029443_TOXIC_EFFECTS_OF_FLUORIDE_IN_DOMESTIC_ANIMALS
https://www.researchgate.net/publication/257808714_Status_of_Fluorosis_in_Animals
https://www.researchgate.net/publication/257808714_Status_of_Fluorosis_in_Animals
https://www.researchgate.net/publication/287869024_Toxicity_of_fluoride_in_cattle_of_the_indian_thar_desert_Rajasthan_India
https://www.researchgate.net/publication/287869024_Toxicity_of_fluoride_in_cattle_of_the_indian_thar_desert_Rajasthan_India
https://www.researchgate.net/publication/287869024_Toxicity_of_fluoride_in_cattle_of_the_indian_thar_desert_Rajasthan_India
https://www.researchgate.net/publication/287868793_Fluoride_toxicosis_in_immature_herbivorous_domestic_animals_living_in_low_fluoride_water_endemic_areas_of_Rajasthan_India_An_observational_survey
https://www.researchgate.net/publication/287868793_Fluoride_toxicosis_in_immature_herbivorous_domestic_animals_living_in_low_fluoride_water_endemic_areas_of_Rajasthan_India_An_observational_survey
https://www.researchgate.net/publication/287868793_Fluoride_toxicosis_in_immature_herbivorous_domestic_animals_living_in_low_fluoride_water_endemic_areas_of_Rajasthan_India_An_observational_survey
https://www.researchgate.net/publication/257808600_Fluorotoxicosis_in_Diverse_Species_of_Domestic_Animals_Inhabiting_Areas_with_High_Fluoride_in_Drinking_Water_of_Rajasthan_India
https://www.researchgate.net/publication/257808600_Fluorotoxicosis_in_Diverse_Species_of_Domestic_Animals_Inhabiting_Areas_with_High_Fluoride_in_Drinking_Water_of_Rajasthan_India
https://www.researchgate.net/publication/257808600_Fluorotoxicosis_in_Diverse_Species_of_Domestic_Animals_Inhabiting_Areas_with_High_Fluoride_in_Drinking_Water_of_Rajasthan_India
https://connectjournals.com/file_html_pdf/1815103H_35-40a.pdf
https://connectjournals.com/file_html_pdf/1815103H_35-40a.pdf
https://www.fluorideresearch.org/482/files/FJ2015_v48_n2_p105-112_sfs.pdf
https://www.fluorideresearch.org/482/files/FJ2015_v48_n2_p105-112_sfs.pdf
https://pubmed.ncbi.nlm.nih.gov/28144801/
https://pubmed.ncbi.nlm.nih.gov/28144801/
https://pubmed.ncbi.nlm.nih.gov/28144801/
https://www.walshmedicalmedia.com/open-access/chronic-fluoride-exposure-and-its-diverse-adverse-health-effects-in-bovine-calves-in-india-an-epitomised-review-71027.html
https://www.walshmedicalmedia.com/open-access/chronic-fluoride-exposure-and-its-diverse-adverse-health-effects-in-bovine-calves-in-india-an-epitomised-review-71027.html
https://www.walshmedicalmedia.com/open-access/chronic-fluoride-exposure-and-its-diverse-adverse-health-effects-in-bovine-calves-in-india-an-epitomised-review-71027.html
https://www.jelsciences.com/articles/jbres1407.php
https://www.jelsciences.com/articles/jbres1407.php
https://www.jelsciences.com/articles/jbres1407.php
https://www.jelsciences.com/articles/jbres1407.php
https://www.researchgate.net/publication/368788729_A_brief_review_of_chronic_fluoride_toxicosis_in_the_small_ruminants_sheep_and_goats_in_India_focus_on_its_adverse_economic_consequences
https://www.researchgate.net/publication/368788729_A_brief_review_of_chronic_fluoride_toxicosis_in_the_small_ruminants_sheep_and_goats_in_India_focus_on_its_adverse_economic_consequences
https://www.researchgate.net/publication/368788729_A_brief_review_of_chronic_fluoride_toxicosis_in_the_small_ruminants_sheep_and_goats_in_India_focus_on_its_adverse_economic_consequences
https://crimsonpublishers.com/cras/pdf/CRAS.000551.pdf
https://crimsonpublishers.com/cras/pdf/CRAS.000551.pdf
https://crimsonpublishers.com/cras/pdf/CRAS.000551.pdf
https://www.sciresliterature.org/Veterinary/IJVST-ID43.pdf
https://www.sciresliterature.org/Veterinary/IJVST-ID43.pdf
https://austinpublishinggroup.com/environmental-sciences/fulltext/aes-v8-id1089.pdf
https://austinpublishinggroup.com/environmental-sciences/fulltext/aes-v8-id1089.pdf
https://austinpublishinggroup.com/environmental-sciences/fulltext/aes-v8-id1089.pdf
https://probiologists.com/Article/A-brief-review-of-industrial-fluorosis-in-domesticated-bovines-in-India:-Focus-on-its-socio-economic-impacts-on-livestock-farmers
https://probiologists.com/Article/A-brief-review-of-industrial-fluorosis-in-domesticated-bovines-in-India:-Focus-on-its-socio-economic-impacts-on-livestock-farmers
https://probiologists.com/Article/A-brief-review-of-industrial-fluorosis-in-domesticated-bovines-in-India:-Focus-on-its-socio-economic-impacts-on-livestock-farmers
https://probiologists.com/Article/Chronic-fluoride-poisoning-in-domestic-equines,-horses-(Equus-caballus)-and-donkeys-(Equus-asinus
https://probiologists.com/Article/Chronic-fluoride-poisoning-in-domestic-equines,-horses-(Equus-caballus)-and-donkeys-(Equus-asinus
https://probiologists.com/Article/Chronic-fluoride-poisoning-in-domestic-equines,-horses-(Equus-caballus)-and-donkeys-(Equus-asinus
https://austinpublishinggroup.com/veterinary-science-research/fulltext/avsah-v10-id1117.pdf
https://austinpublishinggroup.com/veterinary-science-research/fulltext/avsah-v10-id1117.pdf
https://austinpublishinggroup.com/veterinary-science-research/fulltext/avsah-v10-id1117.pdf
https://pubmed.ncbi.nlm.nih.gov/10760739/https:/onlinelibrary.wiley.com/authored-by/Richards/Alan
https://pubmed.ncbi.nlm.nih.gov/10760739/https:/onlinelibrary.wiley.com/authored-by/Richards/Alan
https://pubmed.ncbi.nlm.nih.gov/10760739/https:/onlinelibrary.wiley.com/authored-by/Richards/Alan

@SCiMedCentral

Choubisa SL (2024)

53.

54.

55.

56.

57.

58.

59.

60.

61.

Bronckers ALJ], Lyaruu DM, DenBesten PK. The impact of fluoride
on ameloblasts and the mechanisms of enamel fluorosis. ] Dent Res.
2009; 88: 877-893.

Choubisa SL. Radiological skeletal changes due to chronic fluoride
intoxication in Udaipur district (Rajasthan). Poll Res. 1996; 15: 227-229.

Choubisa SL. Toxic effects of fluoride on bones. Adv Pharmacol
Toxicol. 2012; 13: 9-13.

Choubisa SL. The diagnosis and prevention of fluorosis in humans
(editorial). Journal of Biomed Res Environ Sci. 2022; 3: 264-267.

Choubisa SL. Radiological findings more important and reliable in
the diagnosis of skeletal fluorosis (editorial). Austin Med Sci. 2022;
7:1-4.

Choubisa SL. How can fluorosis in animals be diagnosed and
prevented (editorial)? Austin ] Vet Sci Anim Husband. 2022; 9: 1-5.

Van Paemel M, Dierick N, Janssens G, Fievez V, De Smet S. Selected
trace and ultra trace elements: Biological role, content in feed and
requirements in animal nutrition - Elements for risk assessment.
EFSA Support Publicat. 2010; 7: 68E.

Shupe JL, Olson AE. Clinical and pathological aspects of fluoride
toxicosis in animals. In ‘Fluorides: effects on vegetation, animals and
humans. Utah State University, Logan, Utah, USA: Paragon Press. 1982.

Choubisa SL, Choubisa L, Sompura K, Choubisa D. Fluorosis in
subjects belonging to different ethnic groups of Rajasthan. ] Commun
Dis. 2007; 39: 171-177.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Choubisa SL, Choubisa L, Choubisa D. Osteo-dental fluorosis in
relation to nutritional status, living habits and occupation in rural
areas of Rajasthan, India. Fluoride. 2009; 42: 210-215.

Choubisa SL, Choubisa L, Choubisa D. Osteo-dental fluorosis in
relation to age and sex in tribal districts of Rajasthan, India. ] Environ
Sci Eng. 2010; 52: 199-204.

Choubisa SL, Choubisa L, Choubisa D. Reversibility of natural dental
fluorosis. Interl ] Pharmacol Biol Sci. 2011; 5: 89-93.

Choubisa SL, Mishra GV, Sheikh Z, Bhardwaj B, Mali P, Jaroli VJ. Food,
fluoride, and fluorosis in domestic ruminants in the Dungarpur
district of Rajasthan, India. Fluoride. 2011; 44: 70-76.

Choubisa SL. Osteo-dental fluorosis in relation to chemical
constituents of drinking waters. ] Environ Sci Eng. 2012; 54: 153-158.

Choubisa SL. Bovine calves as ideal bio-indicators for fluoridated
drinking water and endemic osteo-dental fluorosis. Environ Monit
Assess. 2014; 186: 4493-4498.

Choubisa SL. Natural amelioration of fluoride toxicity (fluorosis) in
goats and sheep. Curr Sci. 2010; 99: 1331-1332.

Choubisa SL. Why desert camels are least afflicted with osteo-dental
fluorosis? Curr Sci. 2013; 105: 1671-1672.

Choubisa SL, Choubisa D, Choubisa P. Are tribal people in India
relatively more susceptible to fluorosis? More research is needed on
this. Poll Commun Health Effects 2023; 1:1-10.

J Vet Med Res 11(1): 1261 (2024)

5/5


https://pubmed.ncbi.nlm.nih.gov/19783795/
https://pubmed.ncbi.nlm.nih.gov/19783795/
https://pubmed.ncbi.nlm.nih.gov/19783795/
https://www.researchgate.net/publication/353243054_Radiological_skeletal_changes_due_to_chronic_fluoride_intoxication_in_Udaipur_district_Rajasthan
https://www.researchgate.net/publication/353243054_Radiological_skeletal_changes_due_to_chronic_fluoride_intoxication_in_Udaipur_district_Rajasthan
https://www.jelsciences.com/articles/jbres1431.pdf
https://www.jelsciences.com/articles/jbres1431.pdf
https://austinpublishinggroup.com/medical-sciences/fulltext/ams-v7-id1069.pdf
https://austinpublishinggroup.com/medical-sciences/fulltext/ams-v7-id1069.pdf
https://austinpublishinggroup.com/medical-sciences/fulltext/ams-v7-id1069.pdf
https://www.researchgate.net/publication/362944380_How_can_fluorosis_in_animals_be_diagnosed_and_prevented#:~:text=In present editorial%2C for researchers,of F have been highlighted.
https://www.researchgate.net/publication/362944380_How_can_fluorosis_in_animals_be_diagnosed_and_prevented#:~:text=In present editorial%2C for researchers,of F have been highlighted.
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2010.EN-68
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2010.EN-68
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2010.EN-68
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2010.EN-68
https://pubmed.ncbi.nlm.nih.gov/18697581/
https://pubmed.ncbi.nlm.nih.gov/18697581/
https://pubmed.ncbi.nlm.nih.gov/18697581/
https://www.researchgate.net/publication/352089454_OSTEO-DENTAL_FLUOROSIS_IN_RELATION_TO_NUTRITIONAL_STATUS_LIVING_HABITS_AND_OCCUPATION_IN_RURAL_TRIBAL_AREAS_OF_RAJASTHAN_INDIA
https://www.researchgate.net/publication/352089454_OSTEO-DENTAL_FLUOROSIS_IN_RELATION_TO_NUTRITIONAL_STATUS_LIVING_HABITS_AND_OCCUPATION_IN_RURAL_TRIBAL_AREAS_OF_RAJASTHAN_INDIA
https://www.researchgate.net/publication/352089454_OSTEO-DENTAL_FLUOROSIS_IN_RELATION_TO_NUTRITIONAL_STATUS_LIVING_HABITS_AND_OCCUPATION_IN_RURAL_TRIBAL_AREAS_OF_RAJASTHAN_INDIA
https://pubmed.ncbi.nlm.nih.gov/21391391/
https://pubmed.ncbi.nlm.nih.gov/21391391/
https://pubmed.ncbi.nlm.nih.gov/21391391/
https://www.researchgate.net/publication/352028870_REVERSIBILITY_OF_NATURAL_DENTAL_FLUOROSIS
https://www.researchgate.net/publication/352028870_REVERSIBILITY_OF_NATURAL_DENTAL_FLUOROSIS
https://www.fluorideresearch.org/442/files/FJ2011_v44_n2_p070-076_sfs.pdf
https://www.fluorideresearch.org/442/files/FJ2011_v44_n2_p070-076_sfs.pdf
https://www.fluorideresearch.org/442/files/FJ2011_v44_n2_p070-076_sfs.pdf
https://pubmed.ncbi.nlm.nih.gov/23741872/#:~:text=A close association or relationship,and at high total hardness.
https://pubmed.ncbi.nlm.nih.gov/23741872/#:~:text=A close association or relationship,and at high total hardness.
https://pubmed.ncbi.nlm.nih.gov/24671615/
https://pubmed.ncbi.nlm.nih.gov/24671615/
https://pubmed.ncbi.nlm.nih.gov/24671615/
http://www.indiaenvironmentportal.org.in/files/fluoride toxicity.pdf
http://www.indiaenvironmentportal.org.in/files/fluoride toxicity.pdf
https://www.researchgate.net/publication/376625881_Are_Tribal_People_in_India_Relatively_more_Susceptible_to_Fluorosis_More_Research_is_Needed_on_this
https://www.researchgate.net/publication/376625881_Are_Tribal_People_in_India_Relatively_more_Susceptible_to_Fluorosis_More_Research_is_Needed_on_this
https://www.researchgate.net/publication/376625881_Are_Tribal_People_in_India_Relatively_more_Susceptible_to_Fluorosis_More_Research_is_Needed_on_this

	Are Sheep and Goat Animals Relatively More Tolerant to Fluorosis?
	Abstract
	Introduction
	Figure 1
	Table 1
	Table 2
	Conclusion
	Acknowledgment
	References

