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EFFECTS OF FLUORIDE ON LIPID PEROXIDATION IN RABBITS
M Akdogan,a G Eraslan,b F Gultekin,a F Sahindokuyucu,c D Essizd

Ankara and Isparta, Turkey

SUMMARY: Twenty-one 6-month-old male New Zealand rabbits, weighing 3.5±0.3
kg, were divided equally into a control group and two trial groups. For 70 days, the
control group (Group I) received drinking water containing 0.07 mg F–/L, and the
second and third groups (Groups II and III) were given water containing 10 and 40
mg F–/L, respectively. On days 0, 21, and 70, blood samples were taken from each
rabbit in each group into heparinised tubes. Erythrocyte antioxidant enzyme
activities of superoxide dismutase (SOD), glutathione peroxidase (GPx), and
catalase (CAT) were determined in each blood sample, along with the level of
malondialdehyde (MDA). In Group III, by day 70, a significant decrease was
observed in SOD activity (74.14% of the control group) and a significant increase in
CAT activity (23.92% greater than in the control group). On days 21 and 70,
significant increases compared to the control group were found, respectively, in
GPx activity (14.85% and 39.29%) and the level of MDA (23.56% and 89.12%). These
results indicate that fluoride causes oxidative damage in vivo. When considered in
conjunction with other parameters such as urinary fluoride, these changes in
erythrocyte antioxidant enzymes may prove useful for diagnosing fluoride
poisoning and determining its severity, especially in cases of elevated fluoride
exposure levels as studied here.
Keywords: Catalase; Fluoride intoxication; Glutathione peroxidase; Lipid peroxidation; Malon-
dialdehyde; Rabbits; Superoxide dismutase.

INTRODUCTION
Fluoride (F–) can block or induce various activities in blood cells.1 When its

mechanism of action on a molecular basis is considered, fluoride affects cellular
enzymes, especially antioxidants.2,3 Enzymes in red blood cells in particular are
very sensitive to fluoride, causing various changes in the membrane function of
erythrocytes in relation to structural and biochemical parameters.2-5 The aim of
the present study was to determine whether fluoride ingested by rabbits at ele-
vated levels in their drinking water for 70 days caused any significant changes in
erythrocyte antioxidant enzymes and lipid peroxidation.

 MATERIALS AND METHODS
In this study, 21 New Zealand male rabbits, six months old, weighing 3.5±0.3

kg, were used. All the rabbits received drinking water (0.07 mg F–/L) and com-
mercial rabbit feed ad libitum for 15 days prior to the experiment. After 15 days,
the animals were divided evenly into a control and two trial groups. The control
group (Group I) was given drinking water containing 0.07 mg F–/L, and the trial
groups received water containing 10 mg F–/L (Group II) and 40 mg F–/L (Group
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III). Prior to the experiments, on day 0, blood was taken from each rabbit to
determine and compare the MDA (malondialdehyde) levels and the activities of
SOD (superoxide dismutase), CAT (catalase), and GPx (glutathione peroxidase)
among all three groups. Subsequently, on days 21 and 70 of the experiment,
blood was again taken from each animal. The blood samples were placed in hep-
arinised tubes and centrifuged (3000 rpm, 10 min; 4 ºC) to separate the erythro-
cytes from the plasma. The erythrocytes were washed three times with 140 nM
NaCl and 40 nM phosphate buffer (pH 7.4) and hemolyzed.6 The washed erythro-
cyte suspension was hemolyzed with mercaptoethanol containing 2.7 nM EDTA
at pH 7.0 and then used to measure MDA and the hemoglobin levels and the anti-
oxidant enzymes activities. The activities of SOD, CAT, and GPx, and the levels
of MDA and haemoglobin were determined spectrophotometrically, according to
the methods, reported, respectively, by Woolliams et al,7 Aebi,8 Paglia and Val-
entina,9 Draper and Hadley,10 and Fairbanks and Klee.11 The “SPSS 9.05 for
Windows” statistical package software was used for statistical analysis. The data
are expressed as arithmetical means and standard deviation. The statistical signif-
icance of results was analyzed by the Mann-Whitney U test.

RESULTS
As seen in the Table, there were essentially no differences in the four biochem-

ical parameters among the three groups of rabbits at the beginning of the study.
By day 21, in Group II, there were indications of nonsignificant decreases in
SOD activity and small increases in GPx and CAT activity and possibly in the
level of MDA. However, by day 21 in Group III, there was a 14.85% (p<0.05)
increase in GPx activity and a 23.56% (p<0.05) higher level of MDA compared
to the controls. By day 70, these trends were even more evident. The SOD activ-
ity in Group III was then only 74.14% (p<0.05) of the control, while the increases
in the activities of PGx and CAT were 39.29% (p<0.05) and 23.92% (p<0.05),
respectively, in this group. Especially striking was the 89.12% (p<0.01) increase
in the level of MDA in Group III by day 70.

DISCUSSION
Fluoride compounds have long been of interest for their biochemical properties.

However, the relationship between fluoride toxicosis/fluorosis and oxidative
stress has not been clarified. Enormous amounts of information about the poten-
tial toxicological and pathological effects of compounds can be derived from
studies of harmful reactive oxygen species (ROS).4,12-15Various experiments on
the animals have examined how strongly fluoride affects MDA and antioxidant
enzymes, using different doses and lengths of exposure.12-15 Moreover, similar
parameters have also been evaluated in humans with fluorosis.3-5,16 One of the
most popular methods to determine whether fluoride causes lipid peroxidation
and to what extent it does so has been to determine MDA levels and antioxidant
enzyme activities in erythrocytes.17 The erythrocyte cell membrane is known to
be highly sensitive to free radical oxidation due to its unsaturated fatty acid con-
tent.18 
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Cholesterol in erythrocyte membrane plays a key role in the membrane stabil-
ity. It interacts with phospholipids and regulates the fluidity and function of the
membrane. In fluorosis the cholesterol level of erythrocyte membrane changes,
and the cell structure is impaired.3 Any increase in ROS caused by fluoride may
easily lead to destructive peroxidation in erythrocyte membrane, the structure of
which is highly fragile.3,4 Peroxidation occurs by the action of free radicals such
as singlet oxygen (1O2·), hydroxyl radicals (·OH), and the superoxide radical
(·O2

–).17 Their conversion into impotent or less harmful products is of critical
importance for living cells. Fluoride, however, can generate high levels of free
radicals. SOD, GPx, and CAT, which are involved in cellular defense, are specifi-
cally required for protection against the destructive action of ROS.18-20

 Table. Activities of erythrocyte SOD, GPx, and CAT and MDA levels in control (n = 7) 
and trial groups (n = 14)

Parameter Group Day

0 21 70

SOD (U/mg Hb) Group I (control)

Group II (10 mg F–/L)

Group III (40 mg F–/L)

2.46±0.40

2.48±0.38

2.47±0.32

2.64±0.33

2.56±0.21

2.31±0.55

2.63±0.62

2.30±0.47

1.95±0.44*

GPx (U/g Hb) Group I (control)

Group II (10 mg F–/L)

Group III (40 mg F–/L)

14.75±3.38

14.82±2.54

14.75±2.29

15.01±2.84

15.74±4.46

17.24±2.77*

14.66±2.21

17.70±1.78

20.42±3.49*

CAT (k/mg Hb) Group I (control)

Group II (10 mg F–/L) 

Group III (40 mg F–/L)

2.43±0.37

2.47±0.41

2.45±0.32

2.35±0.52

2.63±0.36

2.74±0.51

2.55±0.44

2.86±0.31

3.16±0.47*

MDA (nmol/mg Hb) Group I (control)

Group II (10 mg F–/L)

Group III (40 mg F–/L) 

1.56±0.27

1.59±0.23

1.59±0.12

1.57±0.35

1.60±0.51

1.94±0.48*

1.93±0.11

2.21±0.41

3.65±0.82†

Values mean ± SD. Significance of results: *p<0.05; †p<0.01.
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SOD is an enzyme basically responsible for the conversion of ·O2
– into O2.

SOD is also a metalloprotein that facilitates elimination of the primary toxicity of
·O2

– and the secondary toxicity of ·OH and H2O2 by decreasing the concentration
of ·O2

–.19 Hydrogen peroxide, in turn, is decomposed by GPx and CAT.18,20 If
the cell has the enzyme capacity and sufficient amounts of other essential com-
pounds (carotenoids, alpha-tocopherol and glutathione), it has the ability to
remove ROS, and thus peroxidation may not take place or occur at a low
level.5,17-20 In our work, a decrease in SOD activity was observed in rabbit eryth-
rocytes on days 21 and 70, compared to that in the control. The decrease was
found to be statistically significant for exposure to 40 mg F–/L fluoride by day
70, indicating that the SOD activity of erythrocytes was inhibited by high fluo-
ride intake. An increase in GPx activity was observed in Group II and III on days
21 and 70, but this increase was statistically significant only in Group III for both
periods. This increase in GPx activity might be due to fluoride-induced increase
in H2O2 levels; however, the increase of CAT activity was significant only in
Group III by day 70. This finding suggests that fluoride increased the level of free
radicals as well as CAT activity. The absence of statistically significant differ-
ences in SOD, CAT, and GPx activities and MDA levels between the controls and
those animals exposed to 10 ppm fluoride for both periods (days 21 and 70) indi-
cates that at this lower dose fluoride induced very little lipid peroxidation. 

 Shivarajashankara et al13,14 report that while fluoride caused significant
increases in MDA levels and GPx activities in the erythrocytes, brain, and liver
tissues of rats, the activity of erythrocyte SOD was significantly decreased. They
also found that the level of erythrocyte MDA and the activity of GPx showed
increases, and SOD activity was decreased in children with endemic skeletal flu-
orosis.16 Kaushik et al15 found that fluoride-intoxicated rats exhibited significant
increases in erythrocyte lipid peroxidation levels as well. On the other hand, Vani
and Reddy12 observed significant decreases in CAT as well as SOD activities in
the brain and gastrocnemius muscle of female mice receiving fluoride. Finally,
Saralakumari and Ramakrishna3 report significant increase in the levels of MDA
in humans with chronic fluoride intoxication. Overall, our results on changes in
MDA levels and enzyme activities, with the partial exception of CAT, are consis-
tent with those reported by others.

In conclusion, it is obvious from the statistically significant changes in MDA
levels and the significant increases in the activities of GPx and CAT, along with
the decrease in SOD activities by day 70, that the ingestion of fluoride via drink-
ing water at 40 mg F–/L caused oxidative damage for both study periods (by days
21 and 70). It was also clear from these results that antioxidant enzyme activities
and MDA levels, along with other parameters, may be determinative criteria for
diagnosing fluoride poisoning caused by the ingestion of fluoride at 40 F– mg/L
in rabbits, but these parameters would not be suitable if fluoride is ingested at 10
mg F–/L.
Fluoride 2004;37(3)



Effects of fluoride on lipid peroxidation in rabbits 189
REFERENCES
  1 Bober J, Chlubek D, Kwiatkowska E, Kêdzierska K, Stachowska E, Wieczorec P, et al. Influence of

fluoride ions on Na+-H+exchanger activity in human red blood cells. Fluoride 2001;34:174-80. 
  2 Tappel AL. Lipid peroxidation damage to cell components. Fed Proc 1973;32:1870-4.
  3 Saralakumari D, Ramakrishna RP. Red cell membrane alterations in human chronic fluoride toxic-

ity. Biochemistry Int 1991;23:639-48.
  4 Reddy GB, Khandare AL, Reddy PY, Rao GS, Balakrishna N, Srivalli I. Antioxidant defence sys-

tem and lipid peroxidation in parents with skeletal fluorosis and in fluoride-intoxicated rabbits.
Toxicol Sci 2003;72:363-8. 

  5 Chlubek D. Fluoride and oxidative stress [editorial]. Fluoride 2003;36:217-28. 
  6 Sun Y, Oberley LW, Li Y. A simple method for clinical assay of superoxide dismutase. Clin Chem

1988;34:497-500.
  7 Woolliams JA, Wiener G, Anderson PH, McMurray CH. Variation in the activities of glutathione

peroxidase and superoxide dismutase and in the concentration of copper in the blood in various
breed crosses of sheep. Res Vet Sci 1983;34:253-6.

  8 Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121-6.
  9 Paglia DE, Valentine WN. Studies on the quantitative and qualitative characterization of erythro-

cyte glutathione peroxidase. J Lab Clin Med 1967;70:158-69.
10 Draper HH, Hadley M. Malondialdehyde determination as index of lipid peroxidation. Methods

Enzymol 1990;186:421-31.
11 Fairbanks VF, Klee GG. Biochemical aspects of hematology. In: Burtis CA, Ashwood ER, editors.

Tietz textbook of clinical chemistry. 3rd ed. Philadelphia: WB Saunders; 1999. p.1690-8. 
12 Vani ML, Reddy KP. Effects of fluoride accumulation on some enzymes of brain and gastrocne-

mius muscle of mice. Fluoride 2000;33:17-26.
13 Shivarajashankara YM, Shivashankara AR, Bhat PG, Rao SH. Effect of fluoride intoxication on

lipid peroxidation and antioxidant systems in rats. Fluoride 2001;34:108-13.
14 Shivarajashankara YM, Shivashankara AR, Bhat PG, Rao SH. Brain lipid peroxidation and antiox-

idant systems of young rats in chronic fluoride intoxication. Fluoride 2002;35:197-203.
15 Kaushik T, Shyam R, Vats P, Suri S, Kumria MML, Sharma PC, et al. Glutathione metabolism in

rats exposed to high-fluoride water and effect of spirulina treatment. Fluoride 2001;34:132-8.
16 Shivarajashankara YM, Shivashankara AR, Rao SH, Bhat PG. Oxidative stress in children with

endemic skeletal fluorosis. Fluoride 2001;34:103-7.
17 Halliwell B, Chirico S. Lipid peroxidation: its mechanism, measurement and significance. Am J

Clin Nutr 1993;57(5 Suppl):715S-24S.
18 Schaich KM. Metals and lipid oxidation: contemporary issues. Lipids 1992;27:209-18.
19 Wilde LG, Yu M. Effect of fluoride on superoxide dismutase (SOD) activity in germinating mung

bean seedlings. Fluoride 1998;31:81-8.
20 Rzeuski R, Chlubek D, Machoy Z. Interactions between fluoride and biological free radical reac-

tions. Fluoride 1998;31:43-5.
   

      

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 2004;37(3)


	SUMMARY: Twenty-one 6-month-old male New Zealand rabbits, weighing 3.5±0.3 kg, were divided equally into a control group and two...
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES
	2 Tappel AL. Lipid peroxidation damage to cell components. Fed Proc 1973;32:1870-4.
	3 Saralakumari D, Ramakrishna RP. Red cell membrane alterations in human chronic fluoride toxicity. Biochemistry Int 1991;23:639-48.
	4 Reddy GB, Khandare AL, Reddy PY, Rao GS, Balakrishna N, Srivalli I. Antioxidant defence system and lipid peroxidation in parents with skeletal fluorosis and in fluoride-intoxicated rabbits. Toxicol Sci 2003;72:363-8.
	5 Chlubek D. Fluoride and oxidative stress [editorial]. Fluoride 2003;36:217-28.
	6 Sun Y, Oberley LW, Li Y. A simple method for clinical assay of superoxide dismutase. Clin Chem 1988;34:497-500.
	7 Woolliams JA, Wiener G, Anderson PH, McMurray CH. Variation in the activities of glutathione peroxidase and superoxide dismutase and in the concentration of copper in the blood in various breed crosses of sheep. Res Vet Sci 1983;34:253-6.
	8 Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121-6.
	9 Paglia DE, Valentine WN. Studies on the quantitative and qualitative characterization of erythrocyte glutathione peroxidase. J Lab Clin Med 1967;70:158-69.
	10 Draper HH, Hadley M. Malondialdehyde determination as index of lipid peroxidation. Methods Enzymol 1990;186:421-31.
	11 Fairbanks VF, Klee GG. Biochemical aspects of hematology. In: Burtis CA, Ashwood ER, editors. Tietz textbook of clinical chemistry. 3rd ed. Philadelphia: WB Saunders; 1999. p.1690-8.
	12 Vani ML, Reddy KP. Effects of fluoride accumulation on some enzymes of brain and gastrocnemius muscle of mice. Fluoride 2000;33:17-26.
	13 Shivarajashankara YM, Shivashankara AR, Bhat PG, Rao SH. Effect of fluoride intoxication on lipid peroxidation and antioxidant systems in rats. Fluoride 2001;34:108-13.
	14 Shivarajashankara YM, Shivashankara AR, Bhat PG, Rao SH. Brain lipid peroxidation and antioxidant systems of young rats in chronic fluoride intoxication. Fluoride 2002;35:197-203.
	15 Kaushik T, Shyam R, Vats P, Suri S, Kumria MML, Sharma PC, et al. Glutathione metabolism in rats exposed to high-fluoride water and effect of spirulina treatment. Fluoride 2001;34:132-8.
	16 Shivarajashankara YM, Shivashankara AR, Rao SH, Bhat PG. Oxidative stress in children with endemic skeletal fluorosis. Fluoride 2001;34:103-7.
	17 Halliwell B, Chirico S. Lipid peroxidation: its mechanism, measurement and significance. Am J Clin Nutr 1993;57(5 Suppl):715S-24S.
	18 Schaich KM. Metals and lipid oxidation: contemporary issues. Lipids 1992;27:209-18.
	19 Wilde LG, Yu M. Effect of fluoride on superoxide dismutase (SOD) activity in germinating mung bean seedlings. Fluoride 1998;31:81-8.
	20 Rzeuski R, Chlubek D, Machoy Z. Interactions between fluoride and biological free radical reactions. Fluoride 1998;31:43-5.
	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


