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SUMMARY

In spite of wide use of fluoridated dental products in dentistry, until now there are no available data
on the influence of fluoride (F-) on oxidative activity of neutrophil leucocytes, which play the major role
in protecting periodontal tissues and oral mucosa from pathogens. The aim of the present study was to
investigate and compare the effect of sodium fluoride on the oxidative activity of venous blood neutro-
phils of the periodontally healthy control subjects (n=53) and patients with chronic periodontitis (n=52).

Luminol-dependent chemiluminescence was measured after incubation of the neutrophils with NaF
(5, 10 and 10 μM, 7.5 and 15 mM F-) and activation with nonopsonized E.coli and opsonized zymosan.

The level of chemiluminescence of the neutrophils depended on concentration of NaF in the incu-
bation medium and the state of periodontal tissues. Low concentration of fluoride (5 μM and 10 μM F-)
had no influence on the chemiluminescence. Luminol-dependent chemiluminescence of the non acti-
vated and activated neutrophils reliably increased at a concentration of 50 μM  F-. At concentrations of
7.5 and 15 mM  F-, chemiluminescence of non activated neutrophils in both the studied groups reliably
increased, whereas chemiluminescence of the activated  neutrophils decreased. At concentrations of 7.5
and 15 mM  F-, the level of chemiluminescence of non activated neutrophils was reliably higher in
patients with periodontitis than that of healthy subjects.

According to the data  of this study, NaF effecting the production of reactive oxygen species by
neutrophilic leucocytes  may influence the protection periodontal tissues from pathogenic microorgan-
isms.
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INTRODUCTION

Fluoride preparations are very widely used in prevent-
ing dental disorders. After a more than five-decade intense
usage even in very small doses, reports on toxic effects of
fluoride have been increasingly presented [13, 24, 17], as
there appeared studies demonstrating that minute doses of
fluoride, not causing fluorosis, may exert negative effect on
animal organism [1]. Recently, it was revealed that fluoride
may have a genotoxic effect [13], can alter mitotic activity of
lymphocytes [14], and influence function of neutrophilic
leucocytes [10].

Neutrophilic leucocytes (NL), comprising major part of
crevicular granulocytes, are very important in protecting
the periodontal tissues from pathogenic microorganisms [18,
15, 25]. Recent studies have shown that increased genera-
tion of active forms of oxygen during interaction between
NL and microorganisms may have a great influence upon
destruction of the periodontal tissues [12, 20]. However, it
has not been yet established whether preventively used
sodium fluoride (NaF) preparations could influence the spe-
cies of reactive oxygen released by NL and play a role in the
pathogenesis of chronic periodontitis.

MATERIAL   AND   METHODS

For performance of the study, two groups of subjects
were formed: a group of patients with chronic periodontitis
(n=52) and a group of healthy persons (n=53). The peri-
odontal index (PI) in the healthy subjects was equal to 0,
whereas in patients with chronic periodontitis, 5.78±0.7, i.e.
the patients had significantly expressed periodontal tissue
lesions. The age of the studied subjects ranged from 18 to
50 years. The patients with chronic periodontitis did not
differ significantly from the healthy persons concerning the
age and sex (p>0.05).

The studied subjects had no systemic disorders dur-
ing the preceding 3 months, used no drugs, had no harmful
habits (cigarette smoking or/and alcohol abuse). All the stud-
ied persons have been using as potable water the running
water from the city water supply with content of fluoride in
the range from 0.16 to 0.18 ppm and did not use any addi-
tional fluoride preparations except the tooth paste contain-
ing fluoride.

For assessment of the degree of periodontal lesions
the Rusell periodontal index was used. Also, differential leu-
cocyte count was performed.

Neutrophilic leucocytes were obtained by the method
of spontaneous sedimentation [21] from 10 ml of venous
blood of the above–mentioned donors, taken early in the
morning after overnight fasting.

Luminol–dependent chemiluminiscence (CL) was mea-
sured by the method of L.G.Korkina et al [11]. The measure-
ments were performed with a scintillation β-meter (Delta 300,
Model 6891). For evaluation of the fluoride effect, solution
of NaF was poured into the test tubes so that final concen-
trations of F- in the medium were equal to 5 μΜ, 10 μΜ, 50
μΜ, 7.5 mΜ and 15 mM. Corresponding amounts of Hank’s
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solution were added to test tubes with control leucocyte
suspensions. CL was recorded after 3, 15, 30, 45, and 60 min
of incubation with NaF solution.

Test tubes with suspension of leucocytes were kept in
water thermostats at a temperature of 37ŗ C, to which 0.1 ml
of luminal solution (of 50μM final concentration) was added,
and CL of nonstimulated NL was measured.

For measurement of  CL of stimulated NL after 3 min of
incubation with NaF, 0.1 ml of E.coli suspension (1×109 cells/
ml) or 0.05 ml of opsonized by the method of K.Mayo zymo-
san ( 2.5 mg/ml) suspension  were added to the tubes [16].
CL was recorded after 5, 15, 30 and 45 min of stimulation by
the abovementioned cells.

For the statistical evaluation of the data, SPSS statisti-
cal program package was used, the arithmetic mean, the stan-
dard deviation (SD), the level of significance were calcu-
lated. The significance was accepted at the p<0.005 .

RESULTS

The venous blood of the healthy subjects and patients
with chronic periodontitis did not differ in the erythrocyte
count and hemoglobine level (p>0.05), whereas leucocyte
count was significantly (p<0.05) higher in the blood of the
patients with chronic periodontitis  (7.0±0.5·109) than in the
blood of healthy subjects (4.8±0.3·109).

 It was found that after 3-minute incubation of NL of
healthy subjects and chronic periodontitis patients with 50
μΜ, 7.5 mΜ, and 15 mΜ FÆ, luminal-dependent background
CL significantly (p<0.05) increased (Fig. 1) and was higher
in periodontitis patients group (p<0.001).  During longer
incubation of NL with FÆ, CL of NL increased and reached
its maximum after 30 min. Very low concentrations of FÆ (5
and 10μΜ) had no reliable influence upon CL values.

After 3-minute incubation of NL with 50 μΜ FÆ and
activation with opsonized zymosan and nonopsonized E.coli,
luminal-dependent CL significantly increased (p<0.001) com-
pared with control specimens, not affected with fluoride
(Fig.2, 4). Luminol-dependent CL of NL taken from patients
with chronic periodontitis significantly exceeded analogous
values of the healthy subjects (p<0.001).

After incubation of the NL with higher concentration
NaF (7.5 and15 mM of FÆ), luminal-dependent LC of stimu-
lated by opsonized zymosan and nonopsonized E.coli NL
in both studied subject groups decreased, and significantly
differed from controls not effected by fluoride (see Fig.2, 4 ).
After incubation of NL with NaF   and opsonized zymosan
or  nonopsonized E.coli  at the abovementioned
FÆconcentration, both the studied groups did not differ
(p>0.05) in luminal-depended CL.

After 45-minute stimulation by nonopsonized E.coli
and incubation of NL with NaF, luminal-dependent CL
reached its maximum in both the studied groups (Fig.3).

DISCUSSION

During interaction between NL and antigens, in the
phase of respiratory burst, light emission [chemilumines-
cence] occurs, which depends on the generated forms of
reactive oxygen. It is known that luminal-dependent chemi-
luminescence of NL shows a summed up total extracellu-
larly and intracellularly produced amount of active oxygen
forms, which during occurring pathological states can dam-
age body tissues [8, 20, 25].

It is considered that NL not stimulated by bacterial
activators release by themselves a certain amount of the
active forms of oxygen, whereas NL of patients with chronic
periodontitis releases these substances even in greater
amounts [6]. That is also supported by the data of this study.
Besides, incubation of NL with NaF increases the release of
these substances. Very low concentrations of NaF (5 and
10μM of FÆ) exerted no influence on the values of CL of
leucocytes. CL of NL obtained from venous blood of the
patients with chronic periodontitis and incubated with NaF
was significantly higher than the analogous value of the
healthy subjects (p<0.05).

The mechanism of the increased release of active forms
of oxygen under influence of fluoride ions is yet not well
known. It is considered that fluoride directly activates G
proteins of NL and induces intracellular production of su-
peroxide [2]. Other authors suppose that FÆ concentration
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Figure 1. Effect of NaF on luminal-dependent chemiluminescece of neutrophils 
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higher than 5 mM exerts influence on changes of intracellu-
lar level of Ca²+ [10]. There is supposition that NaF at con-
centration of 10-20 mM may bind up the cellular surface
Ca²+ necessary for production of superoxide [4]. The de-
creased concentrations of calcium ions on the outer surface
of the cells may impact the release of calcium ions from the
intracellular structures plasma membrane, mitochondria, and
endoplasmic reticulum. This process is controlled by cAMP.
It has been established that NaF induces an increase in the
amount of cAMP proportionate to its concentration, and in
this way augments concentration of the intracellular cal-
cium, which stimulates the superoxide release [10]. Mecha-
nisms of the action of fluoride on the release of superoxide
may be different and depend on fluoride concentration.
Higher than 10 mM NaF concentration may stimulate super-
oxide release by suppressing the activity of
phosphoproteinphosphatase and indirect activation of
NADPH system. The onset of the oxidative response is in-
dicated by activation of NADPH oxidase, responsible for
reduction of molecular oxygen into the reactive forms of
oxygen.

The studies of action of NaF on oxidative function by
stimulating the abovementioned cells with activators of bio-
logical origin are of even greater clinical importance, as quite
always these cells encounter microorganisms in the oral
cavity. During interaction between NL and antigens, the
intensity of a burst of oxygen consumption and the values
of chemiluminiscence depend on the origin and concentra-
tion of the activator of NL [9]. Performing the investigation,
we activated NL with nonopsonized E.coli and opsonized
zymosan. In both the studied groups of subjects luminal-
dependent CL of the NL activated by opsonized zymosan
was reliably higher (p<0.001) than analogous CL of the NL
effected by nonopsonized E.coli (Fig. 2 and 4).

Very low fluoride concentrations (5 and 10 μΜ FÆ)
had no reliable influence (p>0.05) upon CL values of the NL
activated with opsonized zymosan or nonopsonized E.coli.
It is interesting that concentrations of FÆ at the level of 50
μΜ or its high concentrations (7.5 and 15 mM) practically
exerted different influence on the CL of NL taken from the
venous blood of healthy subjects and patients with chronic
periodontitis. In both the studied groups, incubation of NL
with 50 μΜ FÆ reliably increased (p<0.001) CL of NL acti-
vated with opsonized zymosan or nonopsonized E.coli.
However, high fluoride concentrations (7.5 and 15 mM of
FÆ) suppressed CL of NL. Accurate fluoride action mecha-
nisms are still not well investigated. The mechanisms of
activating action of fluorine on release of superoxide may
be different and dependent on concentrations of fluoride
[10]. This assumption is also supported by the data of this
study.

The data showing that 50 μΜ concentration of FÆ has
an activating action on CL of NL indirectly support the data
of the study conducted by J.Gutierrez and coauthors. They
affirm that low concentrations of NaF activate neutrophil
phagocytosis [7]. Similar data were obtained by L.Shapira
and coauthors [22]: at very low concentrations amine- and
stannous fluorides activate the neutrophil superoxide gen-
eration.

It is considered that preincubation of polymorpho-
nuclear leucocytes with fluoride ions suppresses their re-
sponse to possible activators [4, 10]. However, the indi-
cated authors studied just effect of high fluoride concentra-
tions on release of superoxide. These data are also sup-
ported by the data of our study, showing that higher con-
centrations of fluoride (7.5 and 15mM of FÆ) suppress CL
of NL stimulated by the bacterial activators (Fig. 3). One of
the theories enabling explanation of the suppressing effect
of high doses of fluoride presupposes that NL, directly in-
teracting with fluorine ions “exhaust”, and when they are
stimulated by bacterial activators they already are not able
to increase production of the reactive forms of oxygen [23].
According to other authors, fluorine ions in great concen-
trations bind up extracellular Ca²+. In the state of reduced
inflow into the cell of the extracellular calcium, the release of
superoxide is also diminished [10].

Although NL carriers out a protective function, the
data of contemporary investigations have shown that their
lysomal enzymes and active forms of oxygen may damage
tissues of the body [12,19]. According to the opinion of
other authors, the active forms of oxygen have even greater
importance to these processes than proteolytic enzymes
[5].

It was established that NL of patients with rapidly pro-
gressive periodontitis release greater amounts of superox-
ide [22]. However, in accordance with opinion of other au-
thors, in certain pathological cases the function of NL may

 

0
50

100
150
200
250

control 5μM 5μM 50μM 7,5μM 10mM

F- concentrationim
pu

ls
es

/m
in

 (t
ho

us
an

d)

healthy persons

patients with periodontitis

C

 

Figure 2. Luminol-dependent chemiluminescence of 
neutrophils after 30-minute activation by       
E.coli      and its dependence on F- 
concentration in the incubation medium. 
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Figure 3. Dynamic of the chemiluminescence of NL obtained 
from patients with periodontitis, activated with E.coli 
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Figure 4. Luminol-dependent chemiluminescence of neutrophils 
after 30-minute activation by opsonized zymosan 
and its dependence on F- concentration in the 
incubation medium. 
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become weaker [27]. According to the data of our study, the
value of CL of nonactivated neutrophils of the patients with
chronic periodontitis was higher than the analogous value
of NL taken from the healthy subjects with normal periodon-
tal tissues.
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