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SUMMARY: The aim of this study was to investigate changes in oxidative
stress parameters of erythrocytes in twenty 3–4 year-old fluorotic sheep as
compared to twenty controls. Malondialdehyde (MDA) levels (mean ± SD) were
significantly elevated in erthyrocytes of the fluorotic sheep (2.51 ± 0.16
nmol/mL) in comparison to the control sheep (1.32 ± 0.13 nmol/mL).
Erythrocyte Na+-K+ adenosine-5’-triphosphatase (Na+-K+ ATPase) activity in
the fluorotic sheep (0.003 ± 0.0005 µµµµmol Pi/mg protein/h) was significantly
lower than in the controls (0.005 ± 0.0005 µµµµmol Pi/mg protein/h), as was the
activity of glucose-6-phosphate dehydrogenase (G6PD) (510 ± 23.30 mU/g Hb)
compared to the controls (1418 ± 85.40 mU/g Hb). The results are explained by
fluoride-induced oxidative stress reflected in elevated erythrocyte MDA levels
that cause decreased enzyme activity of Na+-K+ ATPase and G6PD by
affecting membrane structure.
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INTRODUCTION
Present as a trace element in various amounts in food, air, and water,

fluorine (as fluoride ion) plays an important role in biological functions that
alter teeth and bones. In elevated concentrations, it can be very noxious in
the environment, affecting the health of humans and animals as well as plant
life. Two patterns of fluoride toxicity are well known: endemic fluorosis and
industrial fluorosis. Endemic fluorosis is caused primarily by high
concentrations of fluoride in drinking water1 and/or by fluoride in food,
especially from domestic use of high-fluoride coal,2 while industrial
fluorosis is due mainly to fluoride air pollution. However, the toxicity
kinetics and pathogenesis of fluoride on the whole body are unclear.

Chronic fluoride intoxication, or fluorosis, is a worldwide health problem
and is endemic in areas where the fluoride content of drinking waters is
high. Its primary manifestations in humans and mammals are mottling of
teeth and osteosclerosis of the skeleton.3 In the eastern part of Turkey,
fluorosis is a serious health problem for humans and animals. They consume
fluoride from water near the volcanic areas of Mt. Ararat and Mt. Tendürek.
Human tooth and bone deformities are widely observed in these areas.4 In
Isparta, more than 50 per cent of the districts have high fluoride (F) levels
(4.03 ppm) in their drinking waters.4 In Ağrı (Dogubeyazıt), levels of 12.5
ppm F have been reported, and, in Van (Muradiye), levels of 5.7–15.2 ppm
F are on record.4 Fluoride concentrations of 8.1 ppm have been found in
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sheep urine, and 4.3 ppm in human urine. In Eastern Anatolia, 3374–5149
ppm have been reported in sheep bone ash, and concentrations of 3787–
5299 ppm were found in their teeth.4

The aim of this study was to investigate the changes in erythrocyte
malondialdehyde (MDA) levels, and the activities of Na+-K+ adenosine
triphosphatase (Na+-K+ ATPase) and glucose-6-phosphate dehydrogenase
(G6PD) in fluorotic sheep.

MATERIALS AND METHODS
As living research materials, samples from twenty 3–4 year-old fluorotic

and twenty healthy Morkaraman Sheep were examined. Fluoride ion
concentration in urine was determined by a specific fluoride electrode.5

Lipid peroxidation in erythrocytes was assessed by determination of MDA
by the method of Akkus.6

Na+-K+ ATPase activity in erythrocytes was measured as the release of
inorganic phosphate from hydrolysis of ATP (adenosine triphosphate) in the
presence and absence of ouabain. Erythrocytes were incubated at 37º C for
60 min in 1 mL of a solution containing 3 mM ATP (pH 7.0), 50 mM NaCl,
20 mM KCl, 3 mM MgCl2, and 100 mM tris-HCl buffer (pH 7.4). To inhibit
Na+-K+ ATPase activity, 1 mM ouabain was added. The reaction was
stopped by the addition of trichloroacetic acid. ATPase activity was
expressed as nanomoles of phosphorus released per mg protein/h.7,8

Glucose-6-phosphate dehydrogenase (G6PD) activity was estimated on
hemolysates by the use of a commercially available kit (Randox Lab.).9

Statistical significance of the results was assessed by the Student t-test.

RESULTS
The Table below records the results of the urinary fluoride determinations

and the analyses for the erythrocyte levels of MDA and the activities of Na+-
K+ATPase and G6PD in both control and exposed sheep. The activities of
Na+-K+ATPase and G6PD were significantly lowered, while the MDA
levels were increased in erythrocytes of fluorotic sheep compared to those of
control sheep (p<0.001).

Table.  Urinary fluoride and erythrocyte levels of MDA and activities
of Na+-K+ ATPase and G6PD in two groups of sheep

Control group (n=20) Exposed group (n=20)

Urinary fluoride (ppm) 1.65 ± 0.35 23.84 ± 4.74*
MDA (nmol/mL) 1.32 ± 0.13   2.51 ± 0.16*
Na+-K+ ATPase (µmol Pi/mg protein/h)   0.005 ± 0.0005     0.003 ± 0.0005*
G6PD (mU/g Hb)  1418 ± 85.40      510 ± 23.30*
aValues are mean ± SD. *p< 0.001.
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DISCUSSION
It is important to understand fluorosis at biochemical and molecular

levels. Many researchers have reported biochemical changes in the
composition of bone, urine, plasma, and the levels of some hormones.10-12

Fluoride has been shown to inhibit many enzymes involved in the pentose
phosphate pathway, antioxidant defense systems, and in myosin-ATPase
activity.13,14

Chronic degenerative diseases including chronic fluorosis have been
associated with increased production of reactive oxygen species, and lipid
peroxidation. But the pathogenesis of chronic fluorosis is poorly
understood.11,12

Metabolic imbalances, oxidative stress, and lipid peroxidation are
evidently involved in the pathogenesis of chronic fluorosis, but the results of
many studies are conflicting and contradictory to one another. Decreases in
the activity of SOD (superoxide dismutase) and GPx (glutathione
peroxidase) have been found in people living in endemic fluorosis areas.1
Shivarajashankara et al15 reported that, in children aged 3 to 10 years with
endemic fluorosis, erythrocyte MDA and ascorbic acid levels and GPx
activity were increased, while GSH (glutathione) levels were decreased.
They also found that fluoride intoxicated rats exhibited increased MDA,
ascorbic acid, and GSH levels and GPx activity in their red blood cells.l6 In
view of such findings it has been suggested that there is increased oxidative
stress in skeletal fluorosis.

On the other hand, Reddy et al17 reported that they did not find significant
changes in any of the antioxidant parameters tested, including ascorbic acid,
GSH, catalase, SOD, GPx, and GST (glutathione S-transferase) in fluorotic
humans and rabbits. By contrast, in another study,18 it was reported that
fluoride injection into rats for 14 days at 20 mg/kg body weight/day/ip
caused decreases in GST, SOD, and catalase activity in the brain. Similar
results in rats from fluoride in their drinking water have also been reported.19

In our study, we have found that erythrocyte MDA levels were increased
significantly, but Na+-K+ ATPase and G6PD activities were significantly
decreased (p<0.001) in fluorotic sheep. Increased MDA concentration is
correlated with enhanced lipid peroxidation in fluorotic animals.

Na+-K+ ATPase is a heterodynamic plasma membrane protein responsible
for cellular ionic homeostasis in almost all animal cells. It mediates coupled
transport of Na and K ions and contributes to the maintenance of
electrochemical gradient of the cell.20 In our fluorotic sheep erythrocyte Na+-
K+ ATPase activity was found to be decreased, compared with the control
group. This could be associated with peroxidations of membrane
phospholipids and the accumulation of MDA, which inhibits the activity of
membrane Na+-K+ ATPase activity.21
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Han Bo et al22 studied 32 cows selected for grazing on high fluoride
forage and found inhibition of Na+-K+ ATPase activity as well as immune
system and hemopoietic dysfunctions. Moreover, free radical and MDA
levels were higher, but whole blood GPx, CAT (catalase), and SOD
activities were lower than those in the control group.

We also observed that the erythrocyte G6PD activity of fluorotic sheep
was decreased. The low activity of G6PD may have resulted from alterations
in protein structure of the enzyme by the action of free radicals. A G6PD
deficiency is usually well tolerated except for hemolytic crisis associated
with oxidative stress.23 Moreover, carbohydrate metabolism disturbances are
also seen in fluorosis. In fluorotic rats the activity of liver G6PD is
decreased and glycogen turnover depressed.24

In conclusion, our findings in sheep indicate that chronic fluorosis affects
lipid peroxidation and causes oxidative stress manifested by increased
erythrocyte levels of MDA and decreased activities of Na+-K+ ATPase and
G6PD.
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