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SUMMARY: Six-week-old male Wistar FL strain rats were given a single intra-
peritoneal injection of 35 mg of sodium fluoride/kg of body mass. After 90
min, the rats were killed to determine the concentration of fluoride, ammonia
and urea in their blood serum along with the activity of glutamate dehydroge-
nase (GLDH) in their liver homogenates. A statistically significant increase in
the concentration of urea and fluoride in the blood serum was found, and the
activity of GLDH was elevated significantly in the liver. The results indicate
increased deamination of amino acids in the liver and lesions in the kidney.
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INTRODUCTION
Most acute poisonings in humans caused by fluorides, as described in the lit-

erature, are associated with suicidal or accidental deglutition of fluorine-
containing preparations, for example, insecticides. Most often, poisoning re-
sulted from the intake of sodium fluoride, sodium fluosilicate, fluosilicic acid
or hydrogen fluoride. Acute poisoning can terminate in death due to blocking
cell metabolism since fluorides inhibit enzymatic processes, particularly met-
alloenzymes responsible for important vital processes.1

The inhibiting action of fluoride affects Mg-dependent enzyme activity con-
nected with energy formation both through oxygenic and nonoxygenic path-
ways. Fluorides thus decrease the pool of intracellular ATP (adenosine triphos-
phate).2,3 In the oxygenic pathway, fluorides inhibit electron-transporting sys-
tems (especially cytochromes) and some Krebs cycle enzymes.4,5

In glycolysis, the fluoride ion impedes the key enzyme of this path, i.e. py-
ruvate kinase, which participates directly in ATP formation.6 Combustion of
fatty acids is also inhibited since the fluoride ion blocks Mg-dependent pyro-
phosphatase.7 An increase in the biosynthesis of lipids during experimental
fluorosis can occur as well.8,9

Fluoride ion affects not only the fat and carbohydrate balance but also pro-
tein equilibrium. Furthermore, as a result of the action of fluoride ion on the
human organism, changes in proteometabolism become pronounced last of all.

In this study we investigated how much protein metabolism is altered in rats
after a large single dose of sodium fluoride. Our plan was to study the concen-
tration of fluoride ions, ammonia and urea in the blood serum and the activity
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of glutamate dehydrogenase (GLDH) (ECl.4.1.2.) in the liver, since the these
biochemical parameters are indirectly related to proteometabolism.

MATERIALS AND METHODS
The experiments were conducted were on 18 6-week-old male Wistar FL

strain rats obtained from the Central Test Animal Quarters at the Silesian
Academy of Medicine in Katowice. The animals were divided into two groups:
a control group of 10 rats and a test group of 8. The mean body mass of these
animals was 202.8 g ± 15.02 g.

The rats in the test group were treated intraperitoneally with a single injec-
tion of sodium fluoride (35 mg/kg of body mass) in 0.5 mL of physiological
saline (0.9% NaCl). Animals in the control group received intraperitoneally 0.5
mL of physiological saline.

After 90 min the rats were anesthetized with ether to collect blood from the
left ventricle of the heart. The concentration of fluoride in the blood serum was
determined using a fluoride ion selective electrode, the urea concentration by
means of an enzymatic kit from ALPHA-DIAGNOSTICS Firm (Germany),
Cat. No. B 655O, and the ammonia concentration by the kit from SIGMA-
DIAGNOSTICS Company (USA), Cat. No. 171-A.

Livers were rinsed with a chilled 0.9% NaCl solution and, after isolation, a
10% (w/v) homogenate was prepared in physiological saline. Upon centrifug-
ing (1750 x g for 10 min), the activity of glutamate dehydrogenase (GLDH)
was determined by the spectrophotometric method of Krawczyński.10 The en-
zyme activity was calculated per gram of protein according to the directions of
Lowry et al.11

RESULTS
After the single intraperitoneal NaF injection, a statistically significant in-

crease in the concentration of fluoride and urea was observed in the blood se-
rum of the test rats under examination. The concentration of fluoride in the
blood serum in these rats was about 26 times higher than that of the control
group. The concentration of urea in the rat blood serum also rose significantly
(p<0.001) and symptomatically by 80.36%. The ammonia concentration as-
sayed in the blood serum showed a small nonsignificant (p>0.2) upward trend
of 7.89% (Table 1).

TABLE 1.  Concentration of fluoride, urea and ammonia in rat blood serum
after a single intraperitoneal injection of 35 mg NaF/kg of body mass

Control group Test GroupParameter
mmol/L X SD X SD p
Fluoride 0.0044 0.0002 0.117 0.015 p<0.001
Urea 25.987 3.385 46.871 3.509 p<0.001
Ammonia 0.285 0.04696 0.3075 0.031545 p>0.2*

*Nonsignificant
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The GLDH activity in the hepatic homogenates of the test group increased
statistically (p<0.05) and symptomatically by 48% compared with that of the
control group (Table 2).

TABLE 2.  Activity of GLDH in rat liver after a single
intraperitoneal injection of 35 mg NaF/kg of body mass

GLDH Activity U/g of protein
Group of Rats

X SD p
Control group 4.012 1.89 -
Test group 5.941 1.68 p<0.05

DISCUSSION
As is well known, amino acids that occur in excess in an organism during

protein synthesis cannot be stored, and they are therefore degraded. Their ca-
tabolism includes transamination and oxidative deamination catalysed by glu-
tamate dehydrogenase (GLDH) that withdraws free ammonia.

Together with asparaginate, the resulting free ammonia is a nitrogen source
for the synthesis of urea within the hepatic urea cycle. Since GLDH activity is
controlled allosterically, GTP and NADH provide the allosteric inhibitors,
whereas GDP and ADP are the activators.

A reduction of highly energetic compounds thus accelerates the oxidation of
amino acids. The growth of GLDH activity within hepatic tissue observed in
our study might therefore be a consequence of reducing the quantity of high-
energy compounds. Such a phenomenon often takes place under the influence
of fluorides, the more so since fluorides interfere with proteins of the respira-
tory chain,12 and can increase deamination of amino acids in the liver by the
action of an acute dose as administered here.

The synchronous increase in GLDH activity in the liver and the increase in
urea concentration in the blood serum by fluoride in the test rats can also be
seen to support the activation of urea cycle enzymes. However, from our ear-
lier studies,13 it follows that enzyme activities of the urea cycle in rats are sub-
ject to a significant inhibition but not an increase under the influence of NaF
(l0 and 30 ppm F-) in the drinking water.

As in our findings here, Guzman et al14 also found an increase in the urea
content in blood plasma of rats and mice treated intraperitoneally with Irloxa-
cin, a fluorine-containing antibiotic.

Because the ammonia concentration in the blood serum of the test rats
showed only a small increase, elevation of urea in serum could result rather
from defective excretory function of the kidneys, especially since increased
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urea concentration in blood serum is, as a general rule, caused by renal insuffi-
ciency, with or without obstruction of urinary tracts. Similar findings are re-
ported by Appleton,15 who administered 0.4 mmol of sodium fluoride/kg of
body mass to rats as an intraperitoneal injection and found an increase in urea
concentration. He explained the high serum urea concentration by lesions of
the kidneys. This view is shared by others, including Monsour and Kruger,16

who also report kidney lesions from fluorides. Such kidney damage in our rats
could result from the large concentrations of fluoride in the blood serum (about
26 times larger than in the control group).

In summary the changes observed by us provide evidence for disruption of
protein metabolism in rats exposed to an acute dose of NaF. Tyrtyshikov and
Pedik17 also found disturbances in protein metabolism in rat liver during ex-
perimental anemia induced by NaF. Likewise, it can be assumed that the NaF
dose used here caused kidney lesions in our test rats, since high concentrations
of fluoride in plasma amounting to over 90 µmol/L lead to kidney lesions,18 or
incur significant animal dehydration.
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