
SUMMARY
Introduction. Fluorosis, caused by long-term intake of high levels 

of fluoride, is characterized by clinical manifestations in teeth. Although 
fluorosis is irreversible, it could be prevented by appropriate and timely 
intervention through understanding the process at biochemical and 
molecular levels. Increased production of reactive oxygen species (ROS) 
and lipid peroxidation has been considered to play an important role in the 
pathogenesis of chronic fluoride toxicity. Saliva as a biological liquid of the 
human organism may be a reflection of the metabolic state, and salivary 
parameters are clinical-diagnostic means. 

Aim. The aim was to examine comparatively activities of glutathione-
dependent enzymes, glutathione reductase and glutathione-S-transferase, 
and contents of glutathione, calcium and protein in the saliva of adult 
patients with dental fluorosis, before and after complex antioxidant therapy. 

Material and Methods. 26 patients (19-30 years old) with mild and 
moderate dental fluorosis (Dean’s classification: 3 and 4) and 20 healthy 
subjects (20-30 years old) were examined. Patients were treated with 
complex therapy, which included “Opalescente Whitening gel” (Ultradent 
products, USA), calcium gluconate and vitamins-antioxidants A, E, D and C. 
The activities of glutathione-dependent enzymes and contents of glutathione, 
calcium and protein were determined in the saliva of the patients using 
spectrophotometric methods. 

Results. Chronic fluoride intoxication led to the imbalance of anti-
oxidative glutathione-dependent defense system in the patients with dental 
fluorosis. The results reflected dose-dependent fluoride intoxication and 
metabolic imbalance. The results suggest that complex antioxidant therapy 
was effective and partially restored imbalance of the anti-oxidative defense 
of saliva in patients with fluorosis. 

Conclusion. Non-invasive methods of the glutathione-dependent 
enzymes examination may be used in dental practice for estimation of the 
degree of metabolic disturbances in patients with dental fluorosis.  
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Introduction
   
Dental fluorosis, caused by long-term intake of high 

levels of fluoride, is characterized by clinical manifestations 
in teeth1. Fluorosis is a serious public health problem in 

many parts of the world (India, China, Canada, USA, 
France, Bulgaria, Romania, etc.) where drinking water 
contains more than 1 ppm of fluoride5. In certain regions 
of the Republic of Moldova people use drinking water with 
high level fluoride, from 0.8 mg/L to 14.0 mg/L (Tab. 1).



80   Ludmila Gavriliuc et al. Balk J Stom, Vol 16, 2012

Table 1. Fluoride concentration in drinking water in different 
regions of Moldova

Regions C= mg/L Regions C= mg/L

Anenii Noi 1.7-3.0 Hincesti 2.0-5.5

Cimislia 1.78-3.2 Glodeni 2.0-8.16

Orhei 2.1-3.7 Ungheni 5.7

Floresti 3.21-3.7 Falesti 3.2-8.7

Chiadir-Lunga 2.6-4.7 Pirlita 9.0-14.0
      

Dental fluorosis is a developmental disturbance of 
dental enamel caused by successive exposures to high 
concentrations of fluoride during tooth development, 
leading to enamel with lower mineral content and 
increased porosity. This subsurface porosity or hypo-
mineralization is most likely caused by a delay in 
hydrolysis and removal of enamel proteins, particularly 
amelogenin, as the enamel matures4. 

The severity of dental fluorosis depends on when 
and for how long the overexposure to fluoride occurs, 
the individual response, weight, physical activity, 
nutritional factors and bone growth5,17,20. The risk period 
for aesthetic changes in permanent teeth is between 20 
and 30 months of age20. The recommended level for 
daily fluoride intake is 0.05-0.07 mg F/kg/day, which is 
considered of great help in preventing dental caries, acting 
in remineralisation. A daily intake above this safe level 
leads to an increased risk of dental fluorosis. The effects 
of fluoride on enamel formation suggest that fluoride 
affects the enamel-forming cells, the ameloblasts3.

Fluor is the most active halogen, which is 
widespread. Intoxication by fluoride leads to chronic 
oxidative stress and numerous pathological consequences: 
DNA damage, inhibition of type I collagen synthesis, 
altered activities of enzymes and metabolic lesions14,18. 
Increased free radical generation and lipid peroxidation 
(POL) are proposed to mediate the toxic effects of 
fluoride on soft tissues and teeth. Oxidative stress 
was evaluated by the assays of malondialdehyde and 
antioxidants in patients with fluorosis. Increased POL and 
altered levels of antioxidants were observed in the blood 
of children with endemic skeletal fluorosis14. Many results 
are about investigation of POL and antioxidant defense 
system in human blood and urine. Data of examinations 
of salivary components in patients with fluorosis are not 
numerous and contradictory12,14. 

Saliva, as a biological liquid of human organism, 
may be a reflection of the metabolic state. Salivary 
components (indices) have clinical-diagnostic means11,16. 
Non-invasive methods of the salivary parameters 
examination may be used in dental practice for estimation 
of the degree of metabolic disturbances in patients with 
dental fluorosis. 

The aim of this investigation was to examine 
comparatively activities of glutathione-dependent 
enzymes, glutathione reductase and glutathione-S-
transferase, and the content of glutathione in saliva of 
adult patients with dental fluorosis, before and after 
complex antioxidant therapy.

Material and Methods

26 patients (19-30 years old) with mild and moderate 
dental fluorosis (Dean’s classification: 3 and 4) and 20 
healthy subjects (20-30 years old) were examined.

Patients were treated with complex therapy, which 
included “Opalescente Whitening gel” (Ultradent 
products, USA), calcium gluconate (1.5 g/day) and 
vitamins-antioxidants A (retinol palmitate -100 000 U/
day), E (alfa-tocopherol acetate -100mg/day), D3 (600 U/
day) and C (ascorbate - 100mg/day). The first course of 
antioxidant therapy (AOT) was during 30 days, the second 
AOT course was repeated 1 year after the first AOT. The 
salivary parameters (indices) were examined 3 times 
during the treatment: before the therapeutic course and 
twice after the AOT processes.

Saliva was collected in the morning, before breakfast 
(8 am), and centrifuged at 600 g for 10 min. After 
centrifugation saliva was examined using SP “Humalyzer 
2000” (Germany). The contents of glutathione, protein, 
calcium, activities of glutathione reductase and 
glutathione-S-transferase were determined in saliva by 
spectrophotometric methods. Glutathione reductase (GR, 
E.C. 1.6.4.2) activity was determined with the method 
already described9. Glutathione-S-transferase (GST, 
E.C. 2.5.1.18) activity was determined with the method 
described by Habig and Jacoby10. Glutathione’s content14, 
calcium-ions (Ca2+) content2 were determined by 
corresponding methods, and protein content by pyrogallol 
photometric test19. The results were statistically analyzed 
with Student’s t-test and Microstat: Microsoft Excel 2003 
programme.

Results

Examination of patients with dental fluorosis showed 
the sufficient difference between contents of their salivary 
indices and the control group (healthy subjects). Results 
of the comparative examination of the slivery parameters 
are shown in figure 1. The content of protein determined 
in saliva of patients with fluorosis before treatment was 
1.40 g/L (152.5%; p<0.001) in comparison with the 
healthy subjects (0.920 g/L). Concentration of salivary 
calcium (Ca2+) in patients was 1.428 mmol/L (59.9%; 
p<0.001) in comparison with healthy subjects (2.383 g/L).
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Figure 2.  The content of glutathione (1) in saliva of patients with dental 
fluorosis after complex AOT, and activities of glutathione reductase (2), 
glutathione-S transferase (3). The first column - before treatment, the 

second - after the 1st AOT, the third - after the 2nd AOT  
(healthy subjects - 100%) 

The first AOT course decreased the protein content 
to 1.065 g/L (116.0%; p>0.05) and increased calcium 
content to 2.042 mmol/L (85.69%; p>0.05). The 
second AOT decreased the protein content to 1.016 g/L 
(110.7%; p>0.05) and increased calcium concentration 
to 2.117 mmol/L (88.8 %; p>0.05).

comparison with the healthy individuals - 240 mcmol/L). 
After the first AOT, its content increased to 173 mcmol/L 
(72.08%; p<0.05) and after the second course of AOT it 
increased to 274 mcmol/L (114.17%, p>0.05). In saliva 
of the patients with dental fluorosis the glutathione 
reductase activity was 130.9 U/L (78.3%; p<0.01 in 
comparison with the healthy individuals - 167.1 U/L). 
After the first AOT, the activity of glutathione reductase 
was 101.6 U/L (60.8%; p<0.01) and after the second 
AOT course it increased to 121.6 U/L (72.8%; p<0.05). 
Glutathione-S-transferase activity in saliva in patients 
with fluorosis was increased before treatment (3598 U/L), 
i.e. 122.9% (p<0.05 in comparison with healthy subjects 
- 2927 U/L). After the first AOT course it decreased to 
3450 U/L (117.87%; p<0.05), and even more after the 
second AOT (2801 U/L), which is 95.7% of the values of 
healthy subjects (p>0.05).

Discussion

The long-term intake of high levels of fluoride with 
drinking water leads to dental fluorosis. Fluorosis is a 
serious public health problem in many countries where 
drinking water contains high level of fluorides. Treatment 
of patients with fluorosis, which affects both young 
and old alike, has posed a daunting task of the medical 
fraternity. Children have been affected by fluorosis of 
teeth that is one of the clinical manifestations of the 
disease and metabolic disturbances. 

Saliva as a biological liquid of the human organism 
may be a reflection of the metabolic state. Also, salivary 
components have clinical-diagnostic means. Our results 
point out that parameters of saliva in patients with dental 
fluorosis differ from the same parameters of the control 
group (healthy persons). In saliva of our patients with 
dental fluorosis the content of protein was increased, 
which may confirm the dentinal-enamel porosity and 
removal of enamel proteins to patients’ saliva. AOT 
courses decreased its content in saliva of the patients. 
Our yearly results of creatinine, urea, proline and 
hydroxyproline determination in saliva of the patients 
with dental fluorosis were also different from the same 
parameters of healthy persons7. The described parameters 
of saliva in the patients with dental fluorosis reflect 
disturbance of the protein metabolism.  

Mineral components of saliva constitute one third of 
all salivary substances, which play an important role for 
teeth, soft tissues and mouth enzymes. Calcium (Ca2+) 
is one of the main elements necessary for bones and 
teeth formation. It is also needed for many processes in 

Figure 1.  Contents of protein (g/L and calcium (mmol/L) in the saliva of 
patients with dental during complex antioxidant therapy (AOT) courses 
(1 - protein, left - healthy, right - before treatment; 2 - protein, left - 1st 

AOT, right - 2nd AOT; 3 and 4 - calcium) 

The results of the activity of glutathione-dependent 
enzymes and content of glutathione in saliva in patients 
with dental fluorosis during antioxidant therapeutic 
courses are shown in figure 2. Results are the evidence 
that in patients before the treatment the salivary 
glutathione content was 89 mcmol/L (37.08%; p<0.01 in 
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human organism: moving of nerve impulse, contraction 
and tonus of muscles, blood clotting (the IV plasmatic 
factor),	 stabilizer	 of	 α-amylase,	 etc.	 Determination	 of	
Ca2+-ions concentration in saliva in the patients with 
fluorosis showed its decreasing value. It is logical to 
assume that all the above-mentioned processes with Ca2+-
ions participation may be changed in patients with dental 
fluorosis as well6. Both courses including complex AOT 
and calcium gluconate increased its concentration in 
saliva of the patients. 

Main biological role of glutathione reductase is 
based on the reduction of oxidized glutathione (GSSG) 
to its reduced form (GSH) with utilization of NADPH+. 
Hydrophilic antioxidant glutathione is the main 
component of redox-buffer system of the intracellular 
medium. Glutathione-associated metabolism is a major 
mechanism for cellular protection against agents which 
generate oxidative stress and POL. Recent genetic and 
biochemical evidence has demonstrated that glutathione 
and glutathione-dependent enzymes play a central role 
in the cellular defense against toxic agents. Enzyme 
glutathione-S-transferase catalyzes the conjugation of 
GSH with different toxic and mutagenic compounds, 
which are generated during POL processes. Chronic 
intoxication by fluoride leads to metabolic imbalance 
of antioxidant enzymes and reflects the decrease of 
glutathione content and activity of glutathione reductase 
in saliva of patients with dental fluorosis. Also, 
intoxication leads to the increase of of glutathione-S-
transferase activity in saliva of the patients. Complex 
therapy, including AOT and calcium gluconate, 
increased content of glutathione and decreased activity 
of glutathione-S-transferase in saliva of patients with 
dental fluorosis. We found negative correlation between 
the content of glutathione and clinically manifested 
characteristics of the disease in patients with dental 
fluorosis8. There was a direct relationship between 
the activity of glutathione-S-transferase and clinical 
manifestations.   

We found the direct correlation between clinical 
characteristics, reflecting the level of the pathological 
process, and metabolic imbalance, which can allow more 
correct estimation of the intoxication degree caused by 
fluoride intake (Invention G2 MD, 2006)8.

Conclusions

On the basis of our results, we can confirm that 
in patients with dental fluorosis an imbalance between 
salivary parameters/indices takes place as a result of 

chronic intoxication with fluoride content in drinking 
water. The imbalanced salivary components - calcium, 
protein and glutathione-dependent enzymatic defense 
system, including glutathione, glutathione reductase and 
glutathione-S-transferase, were partially corrected by 
complex antioxidant therapy. Moreover, 2 AOT courses 
were more effective than only 1 course. In all fluoride-
endemic regions of different countries it is necessary to 
carry out prophylactic actions, especially laying emphasis 
on small schools, pregnant women and feeding mothers. 
These prophylactic actions will decrease the risk of 
chronic intoxication by fluorides. 
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