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TOXIC EFFECTS OF FLUORIDE ON RABBIT KIDNEY

A Shashi,? JP Singh, SP Thapar®
Patiala, India

Summary: The purpose of this study was to assess renal damage in experi-
mental fluorosis. Young albino rabbits were injected with 5, 10, 20, and 50 mg
NaF/kg body weight/day for fifteen weeks and then sacrificed. No significant
clinical signs of toxicity were found in animals exposed to the lowest dose. At
the higher doses, however, the cytoachitecture of the kidneys exhibited in-
creasing amounts of cloudy swellings, degeneration of tubular epithelia, tis-
sue necrosis, extensive vacuolization in renal tubules, hypertrophy and atro-
phy of glomeruli, exudation, interstitial oedema, and interstitial nephritis.
These changes in the kidneys result in impaired renal function in chronic fluo-
ride intoxication.
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INTRODUCTION

Kidneys are among the most sensitive body organs in their histopathol ogi-
cal and functional responses to excessive amounts of fluoride.*! They are the
primary organs concerned with excretion and retention of fluoride and thus
are generaly involved in chronic fluoride intoxication. In humans, only a
few reports> pertaining to kidney involvement in endemic fluorosis are
available. Kono et al® reported impaired renal functions in fluoride-exposed
workers. In contrast to cases of acute intoxication,® the records of only a few
autopsy reports of patients dying of chronic fluoride intoxication are trace-
able in the literature.*” No renal abnormality ascribed to fluoride was found
at the autopsy examination of an elderly woman who for 30 years had con-
sumed water containing 8 ppm fluoride.® In three autopsy cases Reddy et al*
found multiple pyaemic abscesses in the fluorotic kidneys which grossly
appeared like pyelonephritic kidneys with dilated ureters.

In rats intoxicated with 190, 210, 452, 904, and 1356 ppm fluoride in their
drinking water, renal injury was reported.? Other changes included tubular
degeneration, inflammation, fibrosis, parenchymatous nephritis, cloudy
swellings, and dilatation of convoluted tubules.’®* Shupe et al'® reported
renal degeneration and mineralization in cattle ingesting high fluoride levels.
The aim of the present study was to examine histopathological effects of
sodium fluoride on the kidneys of albino rabbits.

MATERIALS AND METHODS
Animals: 60 young male and female albino rabbits weighing 400-600 g
each were used. The animals were maintained on standard laboratory rabbit
chow. Water was given ad libitum.
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Experimental design: The animals were divided equally into five groups.
Doses of 5, 10, 20, and 50 mg NaF/kg bw/day in 1 mL of double distilled
water were injected subcutaneously into four groups for fifteen weeks.

Control: The control animals were administered 1 mL of double distilled
water/kg bw/day for the same period.

Assessment of renal damage: All the animals were killed by ether anaesthe-
sia, and the kidneys were fixed with Carnoy’ s fixative and Bouin’s fluid for
histopathological examination. The tissue was dehydrated in tertiary butyl
alcohol, cleared in amyl acetate, and embedded in paraffin. Serial sections
were cut at 7 um and stained with iron haemotoxylin and eosin.

RESULTS
On gross examination the kidneys of the fluoridated rabbits appeared
shrunken as compared to those of the controls. The renal changes varied
with the concentration of fluoride but were not seen in any of the control
rabbits (Figure 1).

Figure 1. Photomicrograph showing the kidney of a control
rabbit with normal microscopic features x 100.

In the animals treated with 5 mg NaF/kg bw/day no abnormalities in the
convoluted tubules, glomeruli, and interstitial tissue were detected. Moreo-
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ver, the malpighian corpuscles did not show any exudation of plasma into
sub-cellular spaces.

In rabbits treated with 10 mg NaF/kg bw/day, cells lining the convoluted
tubules showed cloudy swellings and dim appearance (Figure 3) as com-
pared to the controls (Figure 1). The glomeruli exhibited hypertrophic
changes (Figure 3) as compared to the controls (Figure 2). The glomerular
basement membrane did not show any thickening or periglomerular fibrosis.
Interstitial nephritis was well marked (Figure 4) with 4-6 large vacuoles
(Figure5).

Figure 2. Photomicrograph showing normal convoluted tubules (CT)
and glomeruli (G) in the kidney of a control rabbit x 400.

In animals in the 20 mg NaF group, convoluted tubules showed cloudy
swellings and extensive vacuole formation. Due to vacuolization, the cell
nucleus was pushed towards the basement membrane. In some places the
cell showed necrosis (Figure 6). The glomeruli were hyperatrophied and
markedly lobulated (Figure 7). The glomerular membrane was dlightly
thickened. There was round cell infiltration in the interstitial tissue, and cell
necrosis was evident in the interstitium along with interstitial oedema (Fig-
ure 8).
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Figure 3. Photomicrograph of the kidney of a rabbit treated with 10 mg
NaF/kg bw/day showing cloudy swellings in convoluted tubules
and hyperatrophied glomeruli x 400.

Figure 4. Interstitial nephritis in the kidney of a rabbit
treated with 10 mg NaF/kg bw/day x 100.
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Figure 5. Photomicrograph showing formation of large vacuoles in the
interstitium of the kidney of a rabbit treated with 10 mg NaF/kg bw/day x 400.

Figure 6. Convoluted tubules showing cloudy swellings, vacuolization, and cell
necrosis in the kidney of a rabbit treated with 20 mg NaF/kg bw/day x 400.
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Figure 7. Hyperatrophied glomeruli in the kidney of a
rabbit treated with 20 mg NaF/kg bw/day x 400.

Figure 8. Interstitial oedema in the kidney of a rabbit
treated with 20 mg NaF/kg bw/day x 100.
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In the animals treated with 50 mg NaF/kg bw/day there was extensive
cellular necrosis leading to degeneration of convoluted tubules (Figure 9).
The remaining cells showed vacuolization of cytoplasm owing to which the
cell nuclei were pushed to the basement membranes (Figure 10). The con-
voluted tubules showed cloudy swellings, tubular lumen was widened, nu-
clei showed disintegration, and there was exudation in the tubules. The glo-
meruli also exhibited atrophy and disintegration of cells, and formation of
vacuoles was seen in the glomerular cells. The nuclei likewise showed dis-
integration, and the basement membrane was thickened in hyperatrophied
glomeruli. Interstitial nephritis (Figure 11) and interstitial oedema and ne-
crosis of cellsin the interstitium (Figure 12) were most pronounced.

Figure 9. Cell necrosis in the convoluted tubules and exudation in the
tubules in the kidney of a rabbit treated with 50 mg/kg bw/day x 400.
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Figure 10. Atrophied glomeruli and formation of vacuoles and
degeneration of nuclei in the glomeruli in the kidney of
a rabbit treated with 50 mg NaF/kg bw/day x 400.

Figure 11. Interstitial nephritis in the kidney of a rabbit
treated with 50 mg NaF/kg bw/day x 100.
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Figure 12. Necrosis and interstitial oedema in the kidney of a rabbit
treated with 50 mg NaF/kg bw/day x 400.

DISCUSSION

In renal fluoride studies there are marked discrepancies in the histological
findings of the kidney which can be attributed in part to differences in the
fluoride compounds used, the method of their administration, and the vari-
ous species of the animals used.

During the present investigation, the kidneys of rabbits treated with 10,
20, and 50 mg NaF/kg bw/day showed cloudy swellings, interstitial oedema,
and hypertrophy and atrophy of glomeruli. The appearance of cloudy swel-
lings remained almost constant. The intensity of such swellings has been
observed by others to increase with increasing dose of fluoride.*®” In mon-
keys treated with 80 ppm fluoride in their drinking water for 16 weeks,
cloudy swellings and albuminuria were reported.'® Ogilvie'? likewise found
oedema of the connective tissue between the convoluted tubules in rats in-
gesting 340 ppm fluoride for 100 days.

Chronic fluoride intoxication at a level of 14 mg F/kg bw/day and higher
has been claimed to result in a rend lesions.?!° Rats consuming 50 to 100
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ppm NaF in the diet for 20 months developed dark, shrunken, and nodul ated
kidneys. In evidence were vascular, glomerular, and tubular degeneration
leading to interstitial fibrosis. An increase in the amount of fibrous tissue in
the renal lesions was also induced by chronic fluoride administration.'® Such
an increase in the amount of fibrous tissue was not found during the present
investigation. However, other changes seen here, like vacuolization of the
cells lining the convoluted tubules, widening of lumen of tubules, hypertro-
phic and lobulated glomeruli, interstitial nephritis, and varying degree of
degeneration of tubular epithelium, have also been detected by others.*':1°
Shupe et al? found fatty degeneration and focal calcification in the stroma
and tubules of the bovine kidney with bone fluoride as high as 900 ppm. Fo-
cal calcification in the tubules was not found during the present studies.

According to Kawahara,®® rabbits treated with 30-50 mg fluoride/kg
bw/day oraly for 14 to 150 days, developed inflammatory kidney changes
in the glomeruli with increased cellularity, capillary hyperaemia, hypertro-
phy or atrophy, tubular degeneration, cloudy swellings and protein casts or
blood in the lumen. In the same report, in his study on rats ingesting 5-375
ppm fluoride in drinking water for 16-234 days, he observed progressive
fibrosis, round cell infiltration, changes in the glomeruli, and tubular degen-
eration in the groups given 100 and 375 ppm fluoride. Ramseyer et al*! aso
recorded hypertrophy and hyperplasia in the tubules of the rats given fluo-
ride in the drinking water as 1, 5, and 10 ppm for 500 days. Pindborg?? ob-
served that in rats ingesting 0.05% NaF in their diet for 21-28 days flatten-
ing of the epithelium of distal convoluted tubules and reduction in the size of
the cytoplasm occurred, thereby causing the nuclei to project into the lumen.
Interstitial renal oedema and inflammatory changes were also present. Kid-
neys of rats fed 0.05% NaF in their diet exhibited a hobnailed appearance.
There was extensive dilatation of the Henle loops and convoluted tubules.
Focal fibrosis was responsible for the hobnailed appearance of kidneys.?*
However, such changes were not seen in the present study.

Taylor et al?® noted necrosis of the tubular cells and dilatations of the tu-
bules in the corticomedullary region in rats given 200 to 500 ppm fluoride
for 5 days. Bosworth and McCay?® found that rats given 1, 2, 6, and 10 ppm
fluoride up to 520 days of age developed casts in the cortical and medullary
region and the hyperchromatism in the convoluted tubules. The nuclei were
larger in diameter and cells appeared plump. There was also accumulation of
mononuclear leukocytes, and lymphocytes termed as 'Nephritis' were pres-
ent in the cortex and around the blood vessels. Nephritis occurred in the in-
terstitial tissue of the kidneys of fluoridated rabbits during the present study.
Fluoride-induced hyperplasia and hypertrophy of renal tubules have also
been reported in hamsters.?’
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Kour and Singh'* observed that mice fed with 10, 500, and 1000 ppm NaF
for 3 months had shrunken kidneys showing subcapsular indentation on the
surface. They recorded cloudy swellings, degeneration of tubular cells,
dilatation in the convoluted tubules, patchy areas of necrosis of tubular cells,
atrophy of glomeruli, and interstitial infiltration of round cells. Similar
changes were seen in the fluoridated rabbits during the present investigation.

Rioufol et al?® found that guinea pigs fed with 20 ppm NaF in their diet
for 12 months incurred dilatation of the proximal convoluted tubules with
inflammatory infiltration in the cortical region. The glomeruli became
swollen with thickening of the walls of Bowman's capsule. In the tubules
cystic dilatation occurred along with hyaline cylinders.

On the other hand, some workers failed to find any gross rena change in
rats and squirrel monkeys.?° de Camargo and Merzel® treated rats with 1 to
100 ppm fluoride in drinking water for 180 days but did not report any ab-
normality with respect to weight gain, morphology, and macroscopic ap-
pearance of kidneys as compared to the controls.

From the histopathological changes seen here in kidneys in acute and
chronic fluoride intoxication, it is clear that fluoride does lead to subtle renal
damage which manifests itself in the form of cloudy swellings of the con-
voluted tubules, vacuolization and necrosis of tubules, hypertrophy and at-
rophy of glomeruli, interstitial oedema, and interstitial nephritis.

ACKNOWLEDGEMENT

Financia assistance from the Indian Council of Medica Research, New
Delhi, Government of Indiais gratefully acknowledged.

REFERENCES

1 Hodge HC, Smith FA. Chronic effects of inorganic fluorides. In: Simons JH,
editor. Fluorine Chemistry. Vol 1V. New York and London: Academic Press,
1965: 135-6.

2 Roholm K. Fluorine intoxication. A clinical-hygienic study with a review of
the literature and some experimental investigations. London: HK Lewis and
Co Ltd, 1937: 137-8.

3 Shortt HE, McRobert GR, Banard TW, Nayar ASM. Endemic fluorosis in the
Madras Presidency. Ind JMed Assoc 1937;25:553-68.

4 Reddy DD, Mallikhagunarao SG, Sharda D. Endemic fluorosis. JInd Med As-
soc 1969;53:275.

5 Pribilla O. Four cases of acute silicofluoride intoxication: clinical and patho-
logical findings. Fluoride 1968;1:103-9.

6 Kono K, Yoshida Y, Watanabe M, Usuda K, Shimahara M, Harada A, et al.
Fluoride metabolism and kidney function: Health care of fluoride exposed
workers. Fluoride 1995;28(1):40.

7 Singh A, Jolly SS, Bansal BC. Skeletal fluorosis and its neurological compli-
cations. Lancet 1961;1:197-200.

Fluoride 35 (1) 2002



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Toxic effects of fluoride on rabbit kidney 49

Leone NC, Liberman J, Geiser PB. Effect of the absorption of fluoride 11
Findings in tissues of persons drinking water of varying fluoride concentra-
tions. AMA Arch Ind Health 1960;21:328.

Phillips PH, Lamb AR. Histology of certain organs and teeth in chronic toxi-
cosis due to fluorine. Arch Pathol 1934;17:169-76.

Bond AM, Murray MM. Kidney function and structure in chronic fluorosis.
Brit J Exp Pathol 1952;33:168-76.

Wadhwani TK, Ramaswami AS. Pathological changes in the tissues of rats
and monkeysin F toxicosis. JInd Inst Sci 1953;35:223-30.

Ogilvie AL. Histological findings in the kidney, liver, pancreas, adrenal and
thyroid gland of the rat following administration of sodium fluoride. J Dent
Res 1953;32:386-97.

Kawahara H. Experimental studies on the changes of the kidney due to fluoro-
sis. Part 3. Morphological studies on the changes of the kidney of rabbits and
growing abino rats due to sodium fluoride. Shikoku Acta Med 1956;8:283-8.
Kour K, Singh J. Histological findings in kidneys of mice following sodium
fluoride administration. Fluoride 1980;13 (4):163-7.

Shupe JL, Bruner RH, Seymour JL, Alden CL. The pathology of chronic bo-
vine fluorosis. Toxicol Pathol 1992;20:274-85.

Machle W, Jhamann F, Kitzmiller K, Cholak J. The effect of the inhalation of
hydrogen fluoride I. The response following exposure to high concentrations.
JIndust Hyg 1934;16:129-45.

Geiger JC. Poisoning due to ingestion of a mixture of sodium bicarbonate and
sodium fluoride. Calif West Med 1936;44:81-3.

Pandit CG, Raghavachari TNS, Rao DS, Krishnamurthi V. Endemic fluorosis
in south India: A study of the factors involved in the production of mottled
enamel in children and severe bone manifestations in adults. Ind J Med Res
1940;28:533-59.

Phillips PH, Hart EB, Bohstedt G. Chronic toxicosis in dairy cows due to in-
gestion of fluorine. Univ Wisconsin Agri Exp Stat Res Bull 1934; No. 123 pp.
1-30.

Shupe JL, Miner ML, Binns W, Greenwood OA, Nielson HM, Stoddard GE et
al. Pathology of chronic bovine fluorosis. Proc Amer Vet Med Assoc 1955;
92:195-201.

Ramseyer WF, Smith CAH, McCay CM. Effect of sodium fluoride admini-
stration on body changesin old rats. J Gerontol 1957;12:14-9.

Pindborg JJ. The effect of 0.05 percent dietary sodium fluoride in the rat kid-
ney. Acta Pharmacol Toxicol 1957;13:36-45.

Hauck HM, Steenbock H, Parsons HT. Is the effect of fluorine on teeth pro-
duced through the parathyroid gland? Am J Physiol 1933b;103:480-8.
Lindermann G, Pindborg JJ, Paulsen H. Recovery of the rat kidney in fluoro-
sis. AMA Arch Path 1959;67:30-3.

Taylor M, Scott JK, Maynard EA, Smith FA, Hodge HC. Toxic effects of
fluoride on the rat kidney I. Acute injury from single large doses. Toxicol
Appl Pharmacol 1961;3:278-89.

Bosworth EB, McCay CM. Pathological studies of rat kidneys. Absence of ef-
fects ascribed to fluoride following long term ingestion of drinking water
containing fluoride. J Dent Res 1962;41:940-60.

Fluoride 35 (1) 2002



50

27

28

29

30

Shashi, Singh, Thapar

Bersotti G, Frugis S. Morphological research in fluorctic kidneys and liver of
experimental animals. Rass Int Stomatol Prat 1963;14:21-30.

Rioufol C, Bourbon P, Philibert C. Histology and biochemistry of renal paren-
chymain guinea pigs due to long term exposure to hydrogen fluoride. Fluoride
1982;15 (3):157-61.

Manocha SL, Warner H, Olkowski Z. Cytochemical response of kidney, liver
and nervous system to fluoride ions in drinking water. Histochem J 1975;7(4):
343-55.

de Camargo AM, Merzel J. Histological and histochemical appearance of liv-
ers and kidneys of rats after long-term treatment with different concentrations
of sodium fluoride in drinking water. Acta Anat 1980;108:288-94.

Published by the International Society for Fluoride Research
Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand

Fluoride 35 (1) 2002



		2002-08-25T12:16:35-0700
	ISFR
	ISFR
	Document is released


		2002-08-25T12:25:34-0700
	ISFR
	ISFR
	Document is released




