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Abstract This study describes the effects of fluoride exposure on the protein profile,
glycoprotein pattern, and total sialic acid concentration of serum in rabbits. For this aim; 20
healthy New Zealand rabbits were used. The rabbits were divided into two equal groups each
with ten animals according to their weighing: control group and experimental group. The
rabbits in control groupwere given drinking tap water containing 0.29mg/l sodium fluoride and
experimental group received the same tap water to which was added 40 mg/l sodium fluoride
for 70 days. Blood samples were taken from each rabbit on day 70. Serum fluoride
concentrations were measured by a fluoride-specific ion electrode in serum. The fluoride levels
in the serum were found as 18.4 (±1.58) μg/L in control and 301.3 (±52.18) μg/L in fluoride
exposed rabbits. The sialic acid levels were found as 69.2 (±0.32) mg/dL in control and 43.4
(±0.13) mg/dL in fluoride exposed group. The electrophoretic patterns of serum proteins,
glycoproteins, and total sialic acid concentration were determined. Fifteen different protein
fractions with molecular weights ranging from 22 to 249 kDa were displayed in the serum
protein electrophoretic gel of both groups. The raw concentrations of the protein fractions
decreased in fluoride exposed rabbits as compared with the control rabbits. The serum
glycoprotein pattern revealed seven major protein bands from 47 to 167 kDa in experimental
and control groups. The slight decrease of raw concentration of the protein bands in
glycoprotein pattern of serum was observed in fluoride toxication comparing to control. The
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results suggest that serum TSA determination and serum protein electrophoresis can be used to
evaluate prognosis of fluoride exposure as a supplementary laboratory test in combination with
clinical and other laboratory findings of fluorosis.
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Introduction

Although contradictory scientific reports exist [1], fluoride is considered as an essential
element for body metabolism [2–5]. Fluoride toxication is noxious to the health of humans
and animals and is irreversible; it could be prevented by appropriate and timely intervention
through understanding the processes at biochemical and molecular levels. High concentra-
tion of fluoride causes disorders such as endemic fluorosis and industrial fluorosis. Endemic
fluorosis is related to the high concentration of fluoride present in the drinking water [6],
while industrial fluorosis is mainly due to air pollution of fluoride in the working
environment [7]. Fluorosis causes harmful effects in several organs in humans and animals
[8]. Pathological changes occur in liver, kidney, heart, muscle, gastro-intestinal tract, and
skeletal system, as a result of fluorosis [9]. In fluoride toxication, changes have been
reported in biochemical parameters, due to elevation of oxidative stress [10]. Fluoride
toxication results from increasing fluoride ions, which lead to inhibition of glycoprotein
synthesis [11]. Some of the glycoproteins in serum are α-1 acid protein (orosomukoid), α-
antitrypsin, haptoglobulin, ceruloplasmine, fibrinogen, and transferrin [12–14]. Carbohy-
drates found in the structure of serum glycoproteins are hexose, hexosamine, fucose, and
sialic acid [15]. Some of the glycoproteins are involved in normal biological calcification of
bone and teeth. Because of the calcium-binding property of sialic acid, for determining the
glycoprotein levels in health and disease, sialic acid levels have been used as a marker [16].

Sialic acid is an acute phase protein derived from neuraminic acid which forms terminal
sugar of carbohydrates taking part in the glycoprotein structure [17]. Sialic acids play a role
in cell -cell recognition, protein targeting, protease resistance, conformational stabilization,
adhesion, and intracellular signaling events in biological systems [18, 19]. Sialic acid is
present at high percentage in the structure of α-1 acid proteins, α-antitrypsin,
haptoglobulin, ceruloplasmin, fibrinogen, and transferrine, having a central role in the
biological system [20]. Increases of sialic acid concentration have been reported in
cardiovascular diseases [21], cancer [22], diabetes [23], patients with chronic glomerulo-
nephritis, and chronic renal failure [24]. The level of blood serum sialic acid in health and
illness situations is evaluated as a marker for glycoprotein amount [16].

In this study, it was aimed to demonstrate the effects of fluoride exposure on the protein
profile, glycoprotein pattern, and total sialic acid concentration of serum in rabbits because
of having the effects of fluorosis to the sialic acid levels and being sialic acid levels in
relation to the glycoprotein and protein metabolism.

Material and Methods

Animal Material

In this study, a total of 20, healthy, 6-month-old New Zealand rabbits weighing 3.5±
0.4 kg were used. Initially, an ethical approval for the study was received from the
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Laboratory Animals Local Ethical Committe of Ondokuz Mayis University, Samsun,
Turkey. The rabbits were purchased from the Center of Medicinal and Surgical
Research, Ondokuz Mayis University and were kept at the same center during the
research period. Rabbits were kept in hygienic conditions and well-ventilated
environment at 24±2°C, with 60% relative moisture. The rabbits were randomly
divided into two different groups: control group with ten animals and experimental
group also with ten animals. Both groups were fed a standard rabbit chow consisting
0.5 mg/L sodium fluoride ad libitum and 12 h light/darkness regime was followed for
70 days. The rabbits in control group were given drinking tap water containing
0.29 mg/L fluoride (report from the Tap Water Purification Institution, Samsun
Municipality, Samsun). Experimental group received the same tap water to which was
added 40 mg/L sodium fluoride (Sigma-Aldrich Corporation, Saint Louis Mo, USA,
Cat. No: S1504) for 70 days ad libitum as described by Akdogan et al. [25]. Blood
samples were collected from marginal ear veins of rabbits on day 70.

Analysis of Fluoride in Serum

The fluoride ion concentration was measured using a fluoride-specific ion electrode
(ORION 9609BN, Thermo Electron Corp, MA, USA) that was connected to a digital ion
analyzer (ORION EA 940, Orion Research, Inc). The electrode was previously calibrated
with four standard fluoride solutions of 0.19, 1.9, 19, and 190 mg/L, respectively. Before
measurement, 1 mL of each serum sample solution was pipetted into a clean plastic test
tube and 1 mL of TISAB II (total ionic strength adjustment buffer, Orion Research, Inc,
Beverly, MA, USA) concentrate with 1,2-cyclohexylenedinitrolotetraacetic acid (Thermo
Orion, MA, USA) was added to each solution. The concentration (millivolt) of each
solution was directly read out on the instrument display. Data concerning fluoride was
recorded in milligram per liter.

Biochemical Analyses

Blood samples were kept at ambient temperature for 30 min and centrifuged at +4°C,
1,550×g for 10 min to obtain serum samples. These sera were stored at −80°C until
analyses. Serum concentrations of total protein, albumin, cholesterol, triglyceride,
creatinine, ALT, AST (Sigma-Aldrich Chemie GmbH, Germany) were determined
according to the manufacturer's instruction using auto-analyzer (Autolab, AMS Srl,
Selective Access).

Serum Protein Electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE; 10%) was
performed according to Laemmli [26]. Serum samples were diluted with saline solution
and mixed with sample buffer (0.062 M Tris-HCl, pH 6.8, 10% glycerol, 2% SDS, 5% β-
mercaptoethanol, and 0.002% bromophenol blue), then heated for denaturation and run on
SDS-PAGE. For SDS-PAGE, 20 μL of samples were loaded on the stacking gel. A 200 V
was applied until brome phenol blue came to the lowest side of the gel. At the end of
electrophoresis, the proteins were stained with Blue Silver staining [27] or for glycoprotein
as described below. Molecular mass standards (Sigma, S8445) were run in parallel in order
to calculate the molecular weights of proteins by using Molecular Imaging Software
(Kodak). Photographs of the gels were taken.
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Detection of Glycoproteins

Glycoproteins were determined on nitrocellulose filters using a commercially available
digoxigenin glycan detection kit (Roche Molecular Biochemical). The manufacturer's
recommendations were followed. Electrophoretic transfer of proteins from polyacrylamide
gels to nitrocellulose sheets was performed according to the method described by Towbin
et al. [28]. Briefly, membranes were washed in phosphate buffer solution (50 mM
potassium phosphate, 150 mM NaCl (pH 6.5)) and carbohydrates were oxidized with
sodium metaperiodate. Oxidized carbohydrates were labeled with digoxigenin-conjugated
hydrazide, and labeled proteins were visualized by alkaline phosphatase-conjugated
antidigoxigenin antibodies, followed by a color reaction with Nitro Blue Tetrazolium–
X-phosphate.

Estimation of Serum Sialic Acid

Serum total sialic acid levels were estimated colorimetrically by tiobarbituric acid method
[29]. Briefly, sera were incubated at 80°C for 1 h in 0.1 N sulphuric acid. The standard
solution was prepared using sialic acid (N-acetylneuraminic acid, Sigma, USA) and a
standard calibration curve was established using 25, 50, 75, and 100 μg/mL standard
N-acetylneuraminic acid solutions. The optical density was read at 550 nm using a Spectra.

Statistical Analysis

Pearson Correlation analysis was used to investigate the relationships between variations.

Results

The serum biochemical parameters of control and fluoride-exposed group are presented in
Table 1. The fluoride levels in the serum were found as 18.4 (±1.58) μg/L in control and
301.3 (±52.18) μg/L in fluoride exposed rabbits on day 70. In comparison to day 70 and 0,
the increases in fluoride levels on serum were found as statistically important. The levels of
serum albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST),
creatinine, total protein, cholesterol, and trigyceride were 3.3 g/dL, 22.4 U/L, 33.2 U/L,

Table 1 Serum Biochemical Prophile of Control and Fluoride Exposed Rabbits

Serum parameters Control group (n=10) Fluoride exposed group (n=10)

Fluoride (μg/L) 18.4 (±1.58) 301.3 (±52.18)*

Albumin (g/dL) 3.3 (±0.1) 2.9 (±0.1)*

AST (U/L) 22.4 (±2.9) 30.0 (±2.5)

ALT (U/L) 33.2 (±2.6) 63.0 (±9.5)*

Creatinine (mg/dL) 0.6 (±0.04) 1.1 (±0.1)*

Total protein (g/dL) 7.2 (±0.0.2) 5.1 (±0.4)*

Cholesterol (mg/dL) 97.8 (±8.0) 64.4 (±9.8)*

Triglyceride (mg/dL) 96.0 (±3.4) 60.0 (±2.2)*

*p<0.05, statistically significant
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0.6 mg/dL, 7.2 g/dL, 97.8 mg/dL, and 96.0 mg/dL, respectively, in control group; 2.9 g/dL,
30.0 U/L, 63 U/L, 1.1 mg/dL, 5.1 g/dL, 64.4 mg/dL, and 60.0 mg/dL, respectively, in
fluoride-exposed group, Serum albumin, total protein, cholesterol, and triglyceride
concentrations were significantly lower in experimental group compared with controls
(p<0.05). In contrast, ALT and creatinine levels were increased (p<0.05) in fluoride-
exposed rabbits relative to healthy rabbits. Although a slight increase was observed in AST
activity in fluoride-exposed group, this increase was not statistically significant (p>0.05).

TSA concentration in fluoride-exposed group was significantly lower (p<0.001)
compared with control rabbits (Fig. 1). Between fluoride and TSA levels in serum,
correlation coefficient was found as r=−0.79 (p<0.01). This negative correlation was
indicated that increasing amount of fluoride level in serum was caused to decrease sialic
acid level in serum.

Fifteen different protein fractions with molecular weights ranging from 22 to 249 kDa
were displayed in the serum protein electrophoretic gel of both groups (Fig. 2). The raw
concentrations of the protein fractions decreased in fluoride exposed rabbits as compared
with the control rabbits. The serum glycoprotein pattern revealed seven major protein bands
including 167, 129, 115, 99, 93, 56, 47 kDa in experimental and control groups (Fig. 3).
The slight decrease of raw concentration of the protein bands in glycoprotein pattern of
serum was observed in fluoride toxication comparing to control.

Discussion

Fluoride is known as toxic when taken excessive amounts (≥40 mg/L sodium fluoride) and
can cause various disorders in organism. Fluoride ions pass the intestinal barrier and are
deposited in several organs and body through the blood system [30]. Liver, an essential and
active organ, is most affected from fluoride toxication [31]. Fluoride is eliminated (50-80%)
by kidney, therefore kidneys are also very sensitive to fluoride toxication [8]. It has been
reported that some biochemical parameters change due to increased oxidative stress in
fluoride toxication [10]. In our study, the total protein and albumin levels decreased in
fluoride exposed rabbits compared to the control rabbits. These results were in agreement
with previously published literature, in which some reduction in total protein and albumin
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levels had been reported in fluoride toxication of rats [32], rabbit [33], weathers, and
suckling pups [31].

Fluoride toxication affects protein synthesis by primary causing destruction of
polypeptide chains [34] and weakness of amino-acid bindings in proteins [35]. It has been
reported that excessive amount of fluoride cause a reduction of protein synthesis [31] and
also metabolisms of cholesterol and triglyceride in liver are affected in fluoride-exposed
group [36]. Comparing the control and experimental groups, even though the serum protein
patterns were the same, a reduction in protein concentration in the fluoride-exposed group
was determined. Wang et al. [37] have reported a statistically insignificant reduction in the
levels of erythrocyte and cholesterol of the liver in rats with chronic fluorosis. However, in
our study, a statistically significant reduction of serum cholesterol and triglyceride levels
was determined. Hanen et al. [31] have reported a reduction in serum cholesterol and
triglyceride levels in mice and suckling pups with chronic fluorosis. Furthermore,
development of hypoglycemia was observed in chicks exposed to fluoride factors in
atmosphere for 20 days [38]. In fluoride exposure, increases of AST and ALT activities,
known as the sign of damage and dysfunction of liver occur [39]. Enzyme ALT revealed a
statistically significant increase (p<0.05), while enzyme AST increased slightly but the
latter was not statistically significant. Likewise, a statistically significant increase in ALT
and AST enzymes have been reported in mice, suckling pups [31], and rat subjects [10, 40].
Kidney is one of the target organs for development of fluorosis toxication [41]. It has been
reported that proximal curves of the tubular cells are damaged in acute fluorosis [42]. In this
study, a statistically significant increase has been observed in serum creatinine levels. In
parallel with our results, significant increases in creatinine levels have been previously

Fig. 2 Electrophoretic pattern of serum proteins of healthy (lanes 1 and 2) and fluoride exposed group
(lanes 3 and 4)
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reported in rabbit [25] and rat subjects [39]. This increase may be explained by the
dysfunction of kidneys due to the damage which occurs in the fluoride-exposed group.

In exposure of fluoride, glycoprotein synthesis is inhibited by increased fluoride ions [11].
Most of the glycoproteins found in serum are α-1 glycoproteins (orosomucoid), α-antitrypsin,
fibrinogen, haptoglobulin, and transferrin [43, 44]. Carbohydrates found in serum
glycoproteins are hexose, hexosamine, fucose, and sialic acid [45]. The serum protein and
glycoprotein concentration were significantly low in the animals from the experimental group
in comparison with the control. As the same of our study, it has been found a reduction in the
amount of glycoproteins while an increase in the amount of fluoride in human serum [11].
This was explained by the inhibition of glycoprotein synthesis because of the increased
amount of fluoride ions. In the present study, findings revealed a decrease in levels of sialic
acid in serum with increasing water fluoride concentrations. Similarly, reduction in the
amount of protein-bound sialic acid and glycoprotein was reported in rabbits with exposure of
fluoride and it has been stated that decreased circulatory sialic acid levels with increased
serum fluoride in rabbits [16]. Following fluorosis, some alterations can occur in calcium
metabolism and various soft tissues can be calcified [36]. Because of having some evidences
to indicate sialic acid in a relation to glycoproteins [46], the decreasing levels of the sialic acid
in circulation in our study may be dependent on deposition of glycoproteins in the tissues by
calcium bridges. Also; the reduction of sialic acid level may be due to the decrease in the
biosynthesis or disruption of protein biosynthesis.

In conclusion, significant changes were observed in sialic acid level and patterns of
serum protein and glycoprotein in fluoride exposed rabbits. The results suggest that, apart

Fig. 3 Electrophoretic pattern of serum glycoproteins of healthy (lanes 1 and 2) and fluoride exposed group
(lanes 3 and 4)
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from the measurement of fluoride in urine or serum as described by Usuda et al. [42, 47],
serum protein and glycoprotein electrophoresis and sialic acid measurement can be used in
the evaluation of fluoride exposure and this evaluation could expose the damages of the
organs and protein metabolisms. However, further studies are needed to precisely asses the
role of exposure of fluoride in specific protein profile and evaluate the meaning and
usefulness of the protein electrophoresis during its course.
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