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 DISTURBANCES OF KIDNEY FUNCTION IN RATS WITH       
FLUORIDE-INDUCED HYPERGLYCEMIA AFTER

ACUTE POISONING BY SODIUM FLUORIDE
Ewa Grucka-Mamczar,a Ewa Birkner,a Jolanta Zalejska-Fiolka,a Zygmunt Machoyb

Katowice and Szczecin, Poland

SUMMARY: Eight 14-week-old male Wistar FL strain rats were administered sodium
fluoride in a single intraperitoneal dose (35 mg NaF/kg of bw). After 90 min the rats
were fatally anesthetized with ether, and blood samples were taken. Compared to
ten control rats, fluoride-treated rats developed hyperglycemia accompanied by a
statistically significant increase in the concentration of fluoride, creatinine, and
urea and a decrease in the level of protein and calcium in the blood serum. The
results indicate disturbances in the filtrating function of kidneys in rats. 
Keywords: Acute fluoride intoxication; Fluoride in rats; Hyperglycemia; Kidney disturbances; 
Serum changes.

INTRODUCTION

Acute poisoning by fluoride is most often a result of the intake of significant
amounts of toxic fluoride compounds such as HF, NaF, or Na2SiF6. Depending
on the type of fluoride compound and dose, various types of adverse responses
may occur. In mammals, acute fluoride intoxication produces a clinical syndrome
characterized by nausea, vomiting, diarrhea, abdominal pain, and paresthesias.1 

The purpose of this study was to induce hyperglycemia by fluoride and to
examine kidney function after acute poisoning of rats (35 mg of NaF/kg of
bw).2,3 In assessing the renal effects of fluoride, the concentration of creatinine,
urea, protein, and calcium in blood serum have been examined.4 This study is a
supplement to our previous one, in which we described the disturbance of protein
metabolism in rats after acute poisoning with sodium fluoride.5,6

MATERIALS AND METHODS

The experiment was carried out on 18 male Wistar FL rats (14 weeks old)
obtained from the Central Animal Farm of Breeding for Experimental Animals of
the Medical University of Silesia in Katowice, Poland.

The control group consisted of 10 animals and the experimental group 8 ani-
mals, all having an average body mass 202.8 g ± 15.02 g. The animals of the
experimental group were administered 0.5 mL of physiological saline-sodium
fluoride intraperitoneally in a single dose (35 mg NaF/kg of body mass). Rats of
the control group were administered intraperitoneally 0.5 mL of physiological
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saline only. The rats were fed a standard Altromin (Germany) rat diet with an
average fluoride content of 0.7 mg F–/kg.

Ninety minutes after being injected, the rats were fatally anesthetized with
ether, and blood was taken from the left ventricle. In the blood serum, the fluoride
ion concentration was determined, by an ion selective electrode.5,6 The concen-
tration of urea in the serum was determined with the ALPHA-DIAGNOSTIC
(Germany, catalogue No. B 6550) urea kit.5 The concentration of glucose was
determined by the CORMAY (Poland) enzyme kit,6 the concentration of protein
by the MERC-BIOTROL (France, catalogue No. A 01394) protein kit, creatinine
by the COBAS MIRA ROCHE (Switzerland) biochemical analyzer kit, and cal-
cium by the DIAGNOSTIC (Germany, catalogue No. C 6503-250) kit for Ca.

For statistical analysis of the results, the Student t test was applied (software
package STATGRAPHIC 5.0).

RESULTS

Blood serum data from the controls and the experimental group of rats after
intraperitoneal administration of a single dose of NaF in the amount of 35 mg
NaF/kg of bw are shown in Tables 1 and 2. There was a 26-fold increase in the
concentration of fluoride in the blood serum compared to the control group. This
increase was accompanied by an 80% increase of the concentration of urea, a
47% increase of glucose, and a 19% increase of creatinine in the serum. All these
changes were statistically significant. The serum concentration of protein was
14% lower, but not significantly lower, than in the control group. On the other
hand, a highly significant 13% decrease in the concentration of serum calcium
was observed. 

Table 1. Concentration of fluoride, urea, and glucose in blood serum 
of rats after a single intraperitoneal injection of 35 mg NaF/kg of bw 

compared to the control group

Concentration 
in serum

Control group 
mean ± SD

(n = 10)

Fluoride group 
mean ± SD

(n = 8)

p-value

Fluoride µmol/L 4.4 ± 0.2 177.0 ± 15.0 <0.001

Urea mmol/L 25.99 ± 3.39 46.87 ± 3.51 <0.001

Glucose mmol/L 3.18 ± 0.72 4.67 ± 0.77 <0.001
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DISCUSSION

Fluoride hyperglycemia as found in our experiment with rats was accompanied
by impairment of renal function. A statistically significant increase in the concen-
tration of creatinine in the blood serum may have resulted from its decreased
excretion which, in turn, is related to renal insufficiency. Because the concentra-
tion of creatinine in blood correlates inversely with the volume of glomerular fil-
tration, the former is a useful marker of the filtration function of kidneys, the
more so in that creatinine is excreted only via the kidneys.7 Impaired renal func-
tion would also explain the drastic increase of the urea in the blood serum of the
treated rats. A lower rate of secretion of urea into urine resulting from renal insuf-
ficiency would cause its concentration in serum to increase. Appelton,8 after
injection of high doses of sodium fluoride into rats found increases in the concen-
tration of glucose, urea, and creatinine in the plasma. The increase of urea and
creatinine concentration in the serum was interpreted by this author as reflecting
impaired renal function.

Decreased concentration of blood serum calcium in the fluoride-treated rats
may confirm renal insufficiency, although fluoride in itself is known to cause
hypocalcaemia.8 Kidney diseases are also accompanied by a decrease in protein
concentration in blood serum.9 Although we found no significant decrease in the
concentration of protein in blood serum in our experimental animals, 37.5% of
those rats were confirmed to have impaired renal function. (p for protein = 0.056.
It is near the value for statistical significance. Percent [%] of rats = % values
below average).

In this study, a single large intraperitoneal dose of fluoride was found to cause a
much larger increase in the concentration of fluoride in serum than can be
achieved by administration of fluoride via a stomach tube.6,10 The high concen-
tration of fluoride in serum may also be connected with renal injury. Although the
highest serum concentration of fluoride which causes acute nephrotoxic effect
often exceeds 50 µmol/L, changes in the functioning of kidneys have often been
observed at lower concentrations of fluoride.10 Renal lesions caused by the pres-

Table 2. Concentration of protein, creatinine, and calcium in blood 
serum of rats after a single intraperitoneal injection of 35 mg NaF/kg 

of bw compared to the control group

Concentration 
in serum

Control group 
mean ± SD

(n = 10)

Fluoride group 
mean ± SD

(n = 8)

p-value

Protein g/dL 7.62 ± 1.00 6.56 ± 0.2 >0.05
(p = 0.056)

Creatinine µmol/L 51.27 ± 8.12 60.78 ± 7.38 <0.02

Calcium mmol/L 2.56 ± 0.17 2.23 ± 0.09 0.001<p<0.05
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ence of fluorides have already been reported by numerous authors.11-14 Our stud-
ies have shown that in experimental fluoride-induced hyperglycemia, attention
should also be paid to simultaneous occurrence of impairment of renal function.
Presumably, reduced glomerular filtration takes place. Fluoride is filtrated by
glomerular capillary vessels and undergoes tubular re-absorption to various
degrees.15 Among halogens, renal clearance of fluorides is extremely high (35
mL/min).

CONCLUSION

In this study we found that a single dose of intraperitoneally administered NaF
(35 mg/kg of bw) in rats not only induced hyperglycemia but also disturbed the
function of the kidneys as manifested by reduced glomerular filtration.

REFERENCES

1 Gessner DB, Beller M, Middaugh JP, Whitford GM. Acute fluoride poisoning from a public water
system. N Engl J Med 1994;330(2):95-9.

2 Lybecker H, Bach V, Ravlo O, Moller JT, Kaa E. Acute fluoride poisoning. Ugesker Laeger
1986;148:903-5. [abstract in Fluoride 1990;23:179-80.].

3 Sakurai T, Suzuki K, Taki T, Suketa Y. The mechanism of changes in metabolism and transport of
glucose caused by fluoride administration to rats [abstract]. Fluoride 1993;26:210.

4 Jakubowski Z, Kabata J, Kalinowski L, Szczepañska-Konkel M, Angielski S. 
Badania laboratoryjne w codziennej praktyce. Gdañsk: Wydawnictwo Medyczne; 1998.

5 Birkner E, Grucka-Mamczar E, Machoy Z, Tarnawski R, Polaniak R. 
Disturbance of protein metabolism in rats after acute poisoning with sodium fluoride. Fluoride
2000;33:182-6.

6 Grucka-Mamczar E, Birkner E, Kasperczyk S, Kasperczyk A, Chlubek D, Samuj³o D et al. Lipid
balance in rats with fluoride-induced hyperglycemia. Fluoride 2004;37:195-200.

7 Dembiñska-Kieæ A, Naskalski JW. Diagnostyka laboratoryjna z elementami 
biochemii klinicznej. Wroc³aw: Urban and Partner; 2002.

8 Appelton J. Changes in the plasma electrolytes and metabolites of the rat following acute exposure
to sodium fluoride and strontium chloride. Arch Oral Biol 1995;40:265-8.

9 Jakubowski Z, Kabata J, Kalinowski L, Szczepañska-Konkel M, Angielski S. 
Badania laboratoryjne w codziennej praktyce. Gdañsk: Wydawnictwo Medyczne; 1998.

10 Indulski JA, editor. Kryteria zdrowotne œrodowiska. Fluor i fluorki tom 36 (Sanitary Criteria of
Environment: fluorine and fluorides. vol 36). Warszawa: Pañstwowy Zak³ad Wydawnictw Lekar-
skich; 1989. p. 56-82.

11 Zhan C, Huo D. Ultrastructural findings in liver, kidneys, thyroid gland and cardiac muscle of rab-
bits following sodium fluoride administration. Fluoride 1988;21:32-8.

12 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 [abstract]. Fluoride 1995;28(1):40.

13 Li J, Cao S. Recent studies on endemic fluorosis in China. Fluoride 1994;27(3):125-8.
14 Sashi A, Singh JP, Thapar SP. Toxic effects of fluoride on rabbit kidney. Fluoride 2002;35:38-50.
15 Whitford GM. Intake and metabolism of fluoride. Adv Dent Res 1994;8:5-14.

Published by the International Society for Fluoride Research
http://homepages.ihug.co.nz/~spittle/fluoride-journal.htm

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand
Fluoride 2005;38(1)


	SUMMARY: Eight 14-week-old male Wistar FL strain rats were administered sodium fluoride in a single intraperitoneal dose (35 mg ...
	1 Gessner DB, Beller M, Middaugh JP, Whitford GM. Acute fluoride poisoning from a public water system. N Engl J Med 1994;330(2):95-9.
	2 Lybecker H, Bach V, Ravlo O, Moller JT, Kaa E. Acute fluoride poisoning. Ugesker Laeger 1986;148:903-5. [abstract in Fluoride 1990;23:179-80.].
	3 Sakurai T, Suzuki K, Taki T, Suketa Y. The mechanism of changes in metabolism and transport of glucose caused by fluoride administration to rats [abstract]. Fluoride 1993;26:210.
	4 Jakubowski Z, Kabata J, Kalinowski L, Szczepañska-Konkel M, Angielski S.
	Badania laboratoryjne w codziennej praktyce. Gdañsk: Wydawnictwo Medyczne; 1998.
	5 Birkner E, Grucka-Mamczar E, Machoy Z, Tarnawski R, Polaniak R.
	Disturbance of protein metabolism in rats after acute poisoning with sodium fluoride. Fluoride 2000;33:182-6.
	6 Grucka-Mamczar E, Birkner E, Kasperczyk S, Kasperczyk A, Chlubek D, Samuj¸o D et al. Lipid balance in rats with fluoride-induced hyperglycemia. Fluoride 2004;37:195-200.
	7 Dembiñska-Kieæ A, Naskalski JW. Diagnostyka laboratoryjna z elementami
	biochemii klinicznej. Wroc¸aw: Urban and Partner; 2002.
	8 Appelton J. Changes in the plasma electrolytes and metabolites of the rat following acute exposure to sodium fluoride and strontium chloride. Arch Oral Biol 1995;40:265-8.
	9 Jakubowski Z, Kabata J, Kalinowski L, Szczepañska-Konkel M, Angielski S.
	Badania laboratoryjne w codziennej praktyce. Gdañsk: Wydawnictwo Medyczne; 1998.
	10 Indulski JA, editor. Kryteria zdrowotne œrodowiska. Fluor i fluorki tom 36 (Sanitary Criteria of Environment: fluorine and fluorides. vol 36). Warszawa: Pañstwowy Zak¸ad Wydawnictw Lekarskich; 1989. p. 56-82.
	11 Zhan C, Huo D. Ultrastructural findings in liver, kidneys, thyroid gland and cardiac muscle of rabbits following sodium fluoride administration. Fluoride 1988;21:32-8.
	12 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 [abstract]. Fluoride 1995;28(1):40.
	13 Li J, Cao S. Recent studies on endemic fluorosis in China. Fluoride 1994;27(3):125-8.
	14 Sashi A, Singh JP, Thapar SP. Toxic effects of fluoride on rabbit kidney. Fluoride 2002;35:38-50.
	15 Whitford GM. Intake and metabolism of fluoride. Adv Dent Res 1994;8:5-14.

	Published by the International Society for Fluoride Research
	http://homepages.ihug.co.nz/~spittle/fluoride-journal.htm
	Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


