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SUMMARY: Forty seven-week-old male castrated Wistar rats were randomly divided
evenly into a control group and a fluoride (F) group. The latter was given a single
dose of NaF from a solution containing 1.0 mg F ion/kg bw, administered by gavage.
After 30 min, the following experiments were performed: intravenous insulin
tolerance test (0.75 U/kg bw) and determination of the insulin receptor substrate (pp
185–IRS-1/IRS/2) tyrosine phosphorylation status. The acute treatment with NaF
promoted increased blood glycemia, but there were no significant changes in the
insulin sensitivity and in the pp185 tyrosine phosphorylation status in the muscular
or in the white adipose tissues.
Keywords: Insulin receptor substrate; Insulin sensitivity; Insulin signal; Plasma fluoride; Rats and 
insulin. 

INTRODUCTION

Excessive ingestion of fluoride (F) causes chronic or acute intoxication such as
dental fluorosis1 and alterations in carbohydrate metabolism.2,3,4 Trivedi et al.
showed that 40% of patients with endemic fluorosis had impaired glucose
tolerance, but this anomaly was reversed by removing the excess F from drinking
water.2 Rigalli et al. found diminished insulin secretion both in patients and in rats
that ingested high doses of NaF.3 In later studies Rigalli et al., showed that when
NaF disseminated in the plasma is above 5 µmol/L, it affects glucose
homeostasis.4 Furthermore, NaF causes glycolysis inhibition,5 and depletion of
hepatic and muscular glycogen.5,6 Knowing that F can interfere with carbohydrate
metabolism, we felt it was important and fundamental to undertake a study to
examine the acute effect of NaF on insulin sensitivity and insulin signal
transduction.   

MATERIALS AND METHODS

Animals: Four-week-old Wistar rats, obtained from the Araçatuba Dental School
Central Vivarium (Paulista State University, Araçatuba – SP) were kept under a
12/12 hr light/dark cycle (light on at 0700) and temperature of 23±2ºC, with free
access to regular diet (Guabi, 26.3 mg F/kg) and tap water (0.3 mg F/L). The rats
were castrated at 4 weeks of age to avoid any influence of testosterone. After 21
days the experiments were performed to allow the animals to have a sufficient
amount of periepididymal white adipose tissue. Forty of the seven-week-old
castrated rats were divided into two groups: the control group (n=20) received
NaCl solution by gavage (3.2 mg Na/kg bw), and the F group (n=20) received NaF
solution by gavage (1 mg F/kg bw). Sodium thiopental (Thiopentax® 3%, 5 mg/
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100 g bw, i.p.) was used for anesthetization. Thirty minutes after the NaF and
NaCl administration, each group was subdivided into three groups in order to
measure plasma fluoride levels, to perform insulin tolerance test and to measure
the phosphorylation status of the insulin receptor substrate (IRS). Median
laparotomy was performed in 10 control and 10 F-treated rats, and blood was
collected from the inferior cava vein. The plasma was stored at –20ºC until the F
was determined. Five control and 5 F-treated rats were submitted to the
intravenous insulin tolerance test (0.75 U insulin/kg bw). Five control and 5 F-
treated rats were also used to quantify the IRS tyrosine phosphorylation status in
insulin-sensitive tissues: gastrocnemius muscle and periepididymal white adipose
tissue (WAT), after insulin (1.5 U, i.v.) stimulation. The design of this research
conforms to the Ethical Principles in Animal Experimentation adopted by the
Brazilian College of Animal Experimentation and was approved by the Ethics
Commission on Animal Experimentation at a meeting on 09/21/2004, in
accordance with Protocol No. 49/04.

Determination of F ion concentration in blood plasma: To analyze F in plasma,
pre-diffusion with heated hexamethyldisiloxane (HMDS)-H2SO4 was done to
remove CO2. The F concentrations in plasma were determined after 12 hr of
HMDS-facilitated by diffusion7 modified by Whitford8 using a F ion selective
electrode (Orion Research, Cambridge, Mass., USA, model 9409) and a calomel
reference micro–electrode (Accumet, #13-620-79) joined and coupled to a
potentiometer (Orion Research, model EA 940), as described by Buzalaf et al.9

Short intravenous insulin tolerance test (ITT): The tests were performed in the
morning after a 12-hr fast. The animals were anesthetized and the right hand
jugular vein was cannulated under anesthesia by introducing a “Sylastic” cannula
close to the atrium (superior cava vein). This cannula served to inject the 0.75 U/
kg bw dose of insulin. Blood samples were collected (from the tail section) at 0
(before insulin injection), 4, 8, 12 and 16 min (after insulin injection) and
glycemia was measured using a glycemia monitor (One Touch Ultra; Johnson &
Johnson, USA). Glucose disappearance speed (Kitt/min) is the rate constant of the
one-phase exponential decay function that fits the values of glucose after 4 min.10

Assessment of the insulin receptor substrate (pp185–IRS-1/IRS-2) tyrosine
phosphorylation status: The tests were performed in accordance with the method
described by Carvalho et al.11 The samples of tissues were submitted to the
Western Blotting method to quantify the tyrosine phosphorylation status of pp185,
after insulin stimulation, using the antiphosphotyrosine antibody (Santa Cruz
Technology, Santa Cruz, CA).

Statistical Analysis: All values were presented as mean±SEM. Statistical
analysis was done by the Student t test for non-paired samples, and the differences
between the two groups were considered significant when p<0.05.
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RESULTS

As seen in Table 1, the F-treated rats presented a highly significant increase in
plasma F in comparison with the control group. 

In the glycemia comparison (Figure 1) at each period of time, the group treated
with NaF showed significantly higher glycemia compared with the control group
except after 8 min. 

Table 2 shows the glucose disappearance rate (Kitt), during the insulin tolerance
test, performed in the first 16 min after the hormone infusion in the control and F
groups. No statistically significant inter-group differences were found in the Kitt
values. 

Figures 2A and 2C show a typical autoradiogram with reference to the insulin-
stimulated tyrosine phosphorylation status of pp185 in the muscle and white
adipose tissue (WAT), respectively. Figures 2B and 2D show the results, expressed
in arbitrary units per µg of protein. No alteration was found in the phosphorylation
of this substrate between control and F groups in both tissues.

Table 1. Concentration of plasma fluoride µg F-/mL) in contro l and fluoride 
groups (mean±SEM, n=10) 

Control  group Fluoride group 
0.0362±0.0017 0.4136±0.0870* 

*p<0.0005 compared to control. 
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Figure 1. Intravenous insulin tolerance test in control and F groups (mean±SEM, 
n=5). The samples were collected at the times of 0 (basal), 4, 8, 12, 16 minutes, after 
insulin injection. *p<0.05 compared to control.

Table 2. Glucose disappearance rate (Kitt) in contro l and fluoride groups  
(mean±SEM, n=5) 

Control group Fluor ide group 

2.3±0.36 1.77±0.25* 

*p<0.05 compared to contro l. 
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DISCUSSION

Acute treatment with high doses of NaF induces hyperglycemia, thereby
indicating that glucose homeostasis is affected by F.3,4,12,13 As seen in Figure 1,
the results of the present work, in agreement with that others, confirm that NaF-
treated rats presented hyperglycemia 30 min after gavage with NaF. Moreover,
hyperglycemia also occurred after insulin infusion (except at the time of 8 min).
The mechanism by which NaF induces hyperglycemia may involve one or more
factors such as: 

a) increased glycogenolysis due to an increase in AMPc14 
b) increased epinephrine release14,15 
c) activation or inhibition of certain enzymes14 
d) reduction in insulin secretion which is likely to increase the rate

of glycogenolysis and gluconeogenesis and to decrease the rate
of glycolysis and glycogenogenesis.3 

However, acute treatment with NaF did not alter sensitivity to insulin, shown by
the unaltered Kitt during the ITT.

When analyzing the plasma fluoride ion concentrations, a statistically significant
increase was noted in the F group compared to the control group. This confirms
the relation between F ingestion and absorption by the body. In the present study,
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Figure 2. Insulin-stimulated tyrosine phosphorylation status of pp185 (IRS-1/IRS-2) in the 
muscle and in the WAT of control and F groups, before (-) and after (+) insulin infusion. In A and 
C, typical autoradiogram of muscle and WAT, respectively. In B and D, the results of the insulin-
stimulated tyrosine phosphorylation status of pp185 in the muscle and in the WAT, respectively, 
are expressed in arbitrary units per µg of protein (mean±SEM, n=5). 
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the experiments started 30 min after gavage with NaF. Roldi and Cury16 also noted
a significant increase in blood plasma F in humans 30 min after a fluoridated
dentifrice was ingested. 

In the present study, the F dose used was 20 times higher than the maximum
value a child can ingest (0.155 mg/F/day/kg) during one tooth brushing session
with fluoridated dentifrice.17 This dose was used because Rigalli et al., conducting
studies in humans and in rats, observed that they needed to increase the fluoride
dose by this proportion, administered in rats in relation to the dose in humans, to
attain a similar plasmatic peak in the two models. This is probably due to the faster
bone turnover rate in rats compared to humans.3 

As seen in Figure 2, the acute treatment with NaF did not induce any alteration
in the pp185 tyrosine phosphorylation status after insulin stimulus in either the
gastrocnemius or the WAT. These results may have favored the unaltered
sensitivity to insulin between the control and F groups. On the other hand, the in
vitro studies of Viñals et al. on insulin receptors isolated from rat muscular tissue
and human placenta, showed that F induced a reduction in the insulin-induced
auto-phosphorylation, and phosphorylation of the exogenous substrates used.18

This reduction can at least be partly explained by the difference in methodology
used among these studies and the present study. It is also relevant that a higher
fluoride concentration was used by Viñals et al.18 The present study showed that
the amount of fluoride administered increased glycemia, but did not interfere in
pp185 phosphorylation. However, the alterations in phosphorylation of other
insulin substrates involved in glycemia homeostasis cannot be overlooked. 

In view of this disagreement of results, further studies must be conducted to
explain the interference of NaF in the initial stage of insulin action more clearly, as
a reduction in insulin receptor phosphorylation has been well correlated with
situations of resistance to insulin.19

Based on the results obtained here, one can conclude that acute treatment with
NaF promoted a significant increase in glycemia, but did not alter sensitivity to
insulin and pp185 phosphorylation. Therefore, knowing that a high dose of NaF is
capable of altering carbohydrate metabolism, the use of dentifrices with a lower
fluoride content is recommended, especially for diabetic children, in whom
excessive F consumption may lead to worsening the condition of these children’s
health.
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