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IN VITRO AND IN VIVO EFFECTS OF FLUORIDE
SOLUTIONS ON HUMAN SALIVARY AMYLASE

José Nicolau,a Mariana Ferreira Leite
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SUMMARY: The effect of various concentrations of NaF on the activity of hu-
man salivary amylase was examined in vitro and in vivo. No statistically sig-
nificant differences in the in vitro experiments were observed in amylase ac-
tivity after one hour of incubation with fluoride concentrations up to 500 mM.
In the in vivo study, the effect of 0.05% NaF solutions was studied on the
amylase of the human saliva collected at different periods after mouthrinsing.
Again, no statistically significant differences, were observed in the amylase
activity of all samples examined.
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INTRODUCTION
Salivary amylase may play an important role in the colonization and me-

tabolism of streptococcus, leading to the formation of dental plaque and
caries. It has been identified as a constituent of the acquired pellicle1,2 and
could, therefore, be available to act as a receptor for microorganism adhe-
sion on tooth surfaces.3 Amylase was detected in plaque by immunochemi-
cal,4 enzymatic, and electrophoretic5 procedures. Another feature is its abil-
ity to bind on the bacterial surfaces and to hydrolyze starch, giving rise to
products that are transformed into acids.6

Amylase activity has been the focus of many studies on the development
of dental caries. There are conflicting reports on this aspect, however. Some
of them show a positive or a negative relationship, whereas others show no
correlation.7-13 In an in vitro study, using slices of parotid glands as well as
an in vivo study injecting NaF solution into rats, an accumulation of cAMP
and stimulation of the amylase secretion occurred.14 With rats drinking wa-
ter containing 25 or 50 ppm F- for four weeks, not only the flow rate but
also the activity of amylase in the parotid secretion was stimulated.15 On the
other hand, human salivary amylase was not affected by fluoride in the
range of 5.25 x 10-7 to 2.63 x 10-4 M.16 More recently, in an in vitro study,
concentrations equal to or higher than 5 x 10-2 M NaF inhibited human sali-
vary amylase.17

Because exposure to fluoride is widespread through drinking water, tooth-
paste, mouthrinses, and other formulations for professional use, and in view
of the conflicting results in the literature, we decided to investigate the influ-
ence of fluoride on human salivary amylase by using NaF solutions in vitro
and as a mouthrinse as normally used in caries prevention.
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MATERIALS AND METHODS
Subjects:  Ten healthy volunteers (5 men and 5 women) aged 23-40 years,
with no caries or gingivitis and neither prosthetic nor orthodontic apparatus,
volunteered to participate in this investigation. After verbal and written in-
formation on the aim of the study, they gave written consent to participate.
The protocol was approved by the Ethical Committee, Faculty of Dentistry,
University of São Paulo, Brazil.

Collection of saliva
In vitro experiments:  Whole saliva was collected from two volunteers in the
morning (between 9.00 and 9.30) after fasting overnight. Before collection
of saliva, participants were asked to rinse their mouths with distilled water
and chew a piece of parafilm. The saliva produced during the first 2 min af-
ter the water rinse was degluted or expectorated. Saliva was then collected
during 10 min and centrifuged at 12,500 x g for 10 min in a Sorvall RC2-B
refrigerated centrifuge. The supernatant was used for the determination of
amylase activity in the presence or absence of fluoride solutions.
In vivo experiments: Similar to the in vitro study, whole saliva was collected
in the morning (between 9.00 and 9.30) after overnight fasting. Before the
collection, participants were asked to rinse their mouths with 15 mL of dis-
tilled water or 0.05% NaF solution as directed. However, before the series of
collections that followed the mouthrinses, saliva was collected for 5 min to
serve as reference. Saliva for this in vivo study was collected on two differ-
ent days of consecutive weeks. On the first day the individual rinsed his or
her mouth with distilled water only, while on the second day a 0.05% NaF
solution was used. Immediately after the rinse and then at 5, 10, 15, 30, and
60 min after the rinse, whole stimulated saliva was collected for 2.5 min.

After the collection of saliva, the pH of the collected samples was meas-
ured and the samples were centrifuged at 12,500 x g for 10 min in a Sorvall
RC2-B refrigerated centrifuge. The supernatant was diluted in 0.1 M tris
buffer pH 7.0 and the resulting solution was used for determination of pro-
tein (1:10) and enzyme activity (1:50).

Analysis
The pH of freshly-collected saliva samples was measured with a Metrohn

Herisau, pH meter standardized against pH 4.0 and pH 7.0 solutions.
Protein was determined by the method of Lowry et al18 using bovine se-

rum albumin as standard.
Salivary amylase activity was determined in an assay mixture containing

1.5 mL of 0.2% starch solution, 1.5 mL of 0.1 M tris buffer (pH 7.0), 0.1 mL
of diluted supernatant of the centrifuged saliva and 0.4 mL of distilled water.
After incubation for 60 min at 37oC, an aliquot was taken and mixed with
Somogyi-Nelson reagent. The intensity of the developed color was meas-
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ured at 520 nm in a Beckman DU-68 spectrophotometer. A standard curve
was constructed using maltose solutions.

For the in vitro experiments, Student’s t test was used to determine
whether there were any significant differences between the mean of each
group and the control (p< 0.05). For the in vivo experiments, the data were
processed with the ANOVA analysis (p< 0.05).

RESULTS AND DISCUSSION
Preliminary analysis of the data did not reveal significant differences in

amylase activity between male and female subjects relative to any of the pa-
rameters studied. The results were thus processed with the sexes combined.

Table 1 shows the results of the in vitro study. Varying the NaF concen-
tration from 0 to 500 mM in the incubation medium did not cause any sta-
tistically significant differences in amylase activity. In absolute values up to
100 mM NaF the activity was greater than 100% of the control. At 500 mM
NaF, however, the activity of salivary amylase was 92.8% of the control.

Table 1.  Effect of various concentrations of NaF solution on
human salivary amylase activity after incubation for 60 min.

NaF
(mM)

n mg maltose/
mg protein/min

Percent
of control

0 (control) 7 8.31 ± 1.27
10 7 8.70 ± 1.78 104.7
50 7 8.36 ± 1.70 100.6
75 7 9.06 ± 1.38 109.0
100 7 8.73 ± 1.19 105.0
500 7 7.71 ± 1.48 92.8

Values are mean ± SD. Each sample represents the
mean of three determinations.

Table 2 shows the data for the in vivo study. The flow rate, protein con-
centration, and the amylase activity were determined either after a rinse with
distilled water or with 0.05% NaF solution for 30 sec. In this experiment, as
in the in vitro study, no statistically significant differences were observed.

Salivary amylase has been considered significant for oral health in view of
its intraoral activity. It is the principal digestive enzyme produced by the
salivary glands and is present in the parotid gland and at lower concentra-
tions in the submandibular gland. It is a glycoprotein with a molecular
weight of 62-67 kDa and plays a central role in the digestion of polysaccha-
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rides by hydrolyzing the α-1,4 glucosidic linkages of starch, glycogen, and
related polysaccharides.

Table 2.  Flow rate, protein concentration, and human salivary amylase activity from
parafilm-stimulated whole saliva before (C) and after mouthrinse with distilled water

(W) or 0.05% NaF solution (F), collected at different times (in min) after rinsing

Group Flow Rate Protein Amylase
(min) W F W F W F

C 1.19 ± 0.40 1.05 ± 0.24 1.88 ± 0.37 1.56 ± 0.38 5.53 ± 1.81 7.13 ± 2.56
(0) 1.05 ± 0.33 1.30 ± 0.48 1.69 ± 0.36 1.44 ± 0.42 6.26 ± 2.00 8.28 ± 3.53
(5) 1.04 ± 0.41 1.02 ± 0.37 1.72 ± 0.36 1.55 ± 0.42 6.65 ± 2.08 8.12 ± 2.87

(10) 0.84 ± 0.30 0.89 ± 0.29 1.76 ± 0.34 1.56 ± 0.40 7.05 ± 1.85 7.90 ± 2.85
(15) 0.94 ± 0.36 0.94 ± 0.28 1.80 ± 0.37 1.58 ± 0.41 6.16 ± 1.68 7.51 ± 2.86
(30) 0.87 ± 0.35 0.94 ± 0.35 1.84 ± 0.39 1.66 ± 0.37 5.95 ± 1.80 7.35 ± 2.81
(60) 1.11 ± 0.39 1.03 ± 0.40 2.05 ± 0.41 1.81 ± 0.38 5.04 ± 1.37 6.35 ± 2.11

Values are mean ± SD for 10 samples. Each sample represents the mean of three
determinations.

In our in vivo experiments we employed a 0.05% NaF solution, the same
as currently used in caries prevention. This concentration, corresponding to
11.9 mM, similar to that found in vitro with a final concentration of 10 mM,
did not exert any appreciable effect on the activity of salivary amylase. Al-
though it has been reported that F ions have no apparent effect on the activ-
ity of salivary amylase,19 subsequent studies indicated that salivary amylase
was inhibited by NaF.17,20

Using nearly the same experimental conditions as recorded in the litera-
ture, in which inhibition of salivary amylase with NaF concentrations equal
to or higher than 50 mM was reported,17 we did not observe this effect. This
discrepancy may be due, inter alia, to: (1) preparation of our standard curve
with maltose instead of glucose; (2) dilution of our saliva samples 1:50 in-
stead of 1:100; (3) individual differences between the two study groups.

Recently,21 it was found that a decoction of tea containing high concen-
trations of fluoride exhibited no inhibition on amylase, and, even after add-
ing more NaF, no effect on the enzyme activity was detected. One of the
explanations given for the inhibiting effect of NaF was based upon the
variation of the pH of the incubation medium.17 In our experiments, after
one hour of incubation, it was not possible to detect variation greater than
0.01 pH unit in the incubation medium. However, comparing the combined
results obtained for the experiment with water with those obtained from the
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rinsing with 0.05% NaF solution, the difference is statistically significant. It
is possible that the large individual variations obtained for each group may
have influenced the analyses.

In the in vivo experiments, the results obtained for amylase activity were
submitted to the Kolmogorov-Smirnov test (p<0.05), yielding the value for d
= 0.06868, p = ns, indicating that the data fit a normal distribution. Although
the mean values obtained for amylase activity after rinsing with 0.05% NaF
solution were higher than those obtained after rinsing with distilled water,
the differences were not statistically significant by ANOVA analysis.

Overall, our results are in agreement with those reported by several other
authors.16,19,21 Under the conditions used in the present investigation, either
in vivo rinsing the mouth with 0.05% (11.9 mM) NaF or in vitro with up to
500 mM of NaF in the incubation medium, it was not possible to observe
any significant effect of fluoride on the activity of human salivary amylase.
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