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Abstract

Objective: The aim of this study was to evaluate comparatively the 
effect of fluoride (F) on the activity of matrix metalloproteinases 2 and 
9 (MMP-2 and MMP-9) involved in process of alveolar bone repair. 
Material and methods: This study used 4 groups of Wistar rats with 
80 days of life (n = 160) which received drinking water containing 
different doses of fluoride (NaF): 5, 15, 50 ppm and deionized water 
(control) throughout the experiment. These animals had their right 
upper incisors extracted. After extraction, the animals were euthanized 
at 7, 14, 21 and 30 days and the hemi-maxillae were collected for 
microscopic analysis (Hematoxylin and Eosin and immunohistochemistry 
for MMP-9) and zymography (MMP-2 and 9). Results: Microscopically 
the process of bone repair was similar in all groups, being noted only 
a delay of the blood clot resorption and bone formation in the group 
of 50 ppm F. The expression for MMP-9 showed differences between 

Keywords: bone 
repair; matrix 
metalloproteinases; 
fluoride.



Fernandes et al.
Fluoride effect on the process of alveolar bone repair in rats: evaluation of activity of MMP-2 and 9230 – 

groups only during the initial repair (7 days). However, the zymography 
showed no significant differences between treated and control groups. 
Conclusion: Ours results suggest an effect of fluoride on the activity 
of MMPs 2 and 9 at the initial period of alveolar repair which could 
be associated to the process of blood clot remission and delay in bone 
repair. Further studies are needed to establish the relationship between 
the initial process of resorption of the blood clot, and the involvement 
of MMPs 2 and 9 and its regulators/tissue inhibitors.

molecules, latent growth factors, growth factor-
binding protein, receptors of cell surface, cell adhesion 
molecules [29]. MMPs can be classified according to 
their structure or their specific substrates, resulting 
in 25 types of MMPs [15].

Many of the crucial responses at the repair 
stages, such as inflammatory infiltrate, angiogenesis 
(degradation of the basal membrane, invasion, 
proliferation and capillary formation) [15], and re-
epithelization are modulated by MMPs; also these 
molecules may be important markers of tissue 
repair, especially MMPs known as gelatinases (MMP-
2 e MMP-9) [39]. They are involved in the alveolar 
bone repair of rats [1], osteogenesis [13], and they 
participate in the last stages of ossification [41].

Within the current knowledge on the biology of 
bone repair, it is known that fluoride (F) has been 
used as an alternative for stimulating the mitosis 
of osteoblasts, and it has been researched as an 
anabolic agent in bone tissue for the treatment of 
osteoporosis [35]. Several studies have demonstrated 
the effect of fluoride in osteoblasts [4, 8, 9, 23, 31] and 
molecules as actin, enzymes (alkaline phosphatase) 
[32] etc. However, details about the effects of fluoride 
on some molecules involved in bone repair process, 
among them MMPs, have not been fully understood 
yet [19]. Since fluoride has been used as public health 
measure in Brazil (within the water supply), it is 
worth investigating some of these possible effects on 
bone tissue repair, specifically regarding to MMPs. 
Therefore, this study aim to evaluate the effect of 
fluoride on the activity of MMPs 2 and 9 involved 
in the process of alveolar bone repair.

Material and methods

Animals

The study was previously approved by the 
Ethical Committee in Teaching and Research 
in animals of the School of Dentistry of Bauru 

Introduction

The process of bone repair is an event finely 
regulated and characterized by different phases with 
predominance of specific cellular types, aiming at the 
formation of tissue in the affected area. The repair 
stages involve migration, proliferation, differentiation, 
and activation of numerous cellular types [16, 22]. 
Among the different study models of bone repair, 
the model of bone repair in tooth socket has been 
very adequate because it enables a chronological 
evaluation of the repair process, detailing the main 
cellular events at each stage [31].

Chronologically, four fundamental stages can 
be considered in the evolution of the alveolar repair 
process [30, 37]: 1) exudative stage, characterized 
by the filling of the tooth socket by blood clot (1-
7 days after tooth extraction, in alveolus of rats); 
2) proliferative stage, marked by intense cellular 
proliferation, development and maturation of 
connective tissue (7-14 days after tooth extraction, in 
alveolus of rats); 3) reparative stage, in which occurs 
the gradual reposition of the connective tissue by 
bone trabeculae (14-21 days after tooth extraction, in 
alveolus of rats); 4) remodeling stage, characterized by 
the substitution process of replacement of primary by 
secondary bone tissue (21 days after tooth extraction, 
in alveolus of rats) [1].

Considering from the initial stage of blood 
clot formation to the last stage of newly-formed 
bone tissue remodeling, several cells and signaling 
molecules are involved which regulate (and are also 
regulated) during the development of this process. 
Some molecules are involved in several stages of 
the process of alveolar repair, for example matrix 
metalloproteinases (MMPs) [2], among others. 
MMPs are an important family of metal-dependent 
endopeptidases and represent the major class of 
enzymes responsible for the degradation or resorption 
of all components of the extra-cellular matrix 
(ECM) [38]. Their targets include other proteinases, 
proteinase inhibitors, blood clot factors, chemotactic 
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– University of São Paulo. Male Wistar rates 
(Rattus norvegicus), coming from the Central 
Vivarium of the School of Dentistry of Bauru, were 
used. The animals (n = 160) were divided into 
4 experimental groups (0 ppm, 5 ppm, 15 ppm 
and 50 ppm F) and treated with the controlled 
ingestion of f luoride (drinking water and food) 
for 60 days just after ablactation. The water was 
prepared with different F concentrations according 
to the aforementioned groups: 0 ppm (deionized 
water); 5 ppm (water with 5 ppm of fluoride); 15 
ppm (water with 15 ppm of f luoride); 50 ppm 
(water with 50 ppm of fluoride).

During all the study (pre- and post-surgery), 
the food contained low fluoride content [33].

Surgical procedures

After the treatment period (60 days), the animals 
were submitted to the extraction of the upper right 
incisor, performed under general anesthesia by 
ketamine and xylazine (1:1), calculated according to 
the body mass of the animal (0.14 ml/100 g of weight), 
by intramuscular via [26]. Suture was accomplished 
through black silk thread (4/0 Ethicon, Johnson 
& Johnson, São José dos Campos, SP, Brazil), 
according to the procedures previously described 
by Okamoto and Russo [26].

Collection and histotechnical processing of 
the samples for microscopy 

Elapsed the experimental periods, the animals 
were euthanized according to the guidelines of 
the Brazilian College of Animal Experimentation 
(short Cobea) by excessive dosage of anesthetic 
drug, and the right maxilla was collected. Half of 
the pieces collected were destined to histotechnical 
processing and the other half to zymography. For 
histological and immune-histochemical analysis, 
the pieces obtained (n = 5) were submitted to 
fixation in 10% buffered formalin, for 48 hours; 
next, they were radiographed, demineralized in 
0.05 M ethylenediamine tetraacetic acid (EDTA) 
solution, pH 7,4, [27], and diaphanized for 
inclusion in paraffin. Following, 4 µm-thick cuts 
were performed in microtome (Microm, model 
HM 340 E, Germany), included in conventional 
and Super-frost Plus silanized laminas (Erviegas, 
São Paulo, SP, Brazil), which were respectively 
stained by hematoxylin-eosin (HE) technique and 
immunostained against specific antigens. 

Microscopic analysis of the laminas stained 
by HE

The laminas stained by hematoxylin -eosin 
technique were examined under light microscopy. 
The tooth socket was evaluated in its apical and 
medium thirds. The biological response was 
analyzed according to the stages of the repair 
process: presence of the blood clot, fibroblastic 
proliferation and bone neoformation. 

Immunohistochemistry

To detect MMP-9 protein, the cuts were 
submitted to immunostaining technique through 
indirect via by SABC peroxidase method. Three 
laminas per animal were prepared and in each 
one ten fields of 6,300 mm2 were marked to 
determine the counting of the immunostained cells 
for the specific antibody. The tissue cuts were 
diaphanized (3 baths of 5 minutes in xylol) and 
rehydrated in decreasing ethanol concentrations 
(100%, 95% and 70%) for 5 minutes each and 
subsequently in distilled water. The inactivation 
of the endogenous peroxidases was performed in 
3% hydrogen peroxide (2 baths of de 10 minutes). 
Next, it was executed PBS washing (2x), exposition 
of antigens by pepsin enzymatic digestion (S3002, 
Dakocytomation Carpinteria, USA) for 20 minutes, 
washing in 3 baths of PBS (3x), blockage of the 
serum proteins performed in a 10% solution of 
skim milk (Molico, Nestlé Brazil Ltd., Araçatuba, 
São Paulo, Brazil) in PBS for 40 minutes. The 
laminas were incubated with primary antibody 
against MMP-9 (SC6840, Santa Cruz Biotechnology 
Inc, USA; 1:100) diluted in antibody diluent (S3022 
Dakocytomation Carpinteira, USA) for 1 hour 
and 30 minutes at environmental temperature. 
The negative control cuts were incubated in PBS 
solution. After, all tissue cuts were washed in PBS 
(3x). The incubation with the secondary antibody 
(E0466 – Dakocytomation Carpinteira, EUA; 1:500) 
was performed for 1 hour. After this period the cuts 
were submitted to 3 baths of PBS. The detection 
of the primary-secondary antibody complex was 
accomplished by the incubation in estreptavidine-
HRP (StrptABComplex/HRP®, LSAB2 –X0909 or 
K0675 – DakoCytomation Carpinteria, USA) for 30 
minutes. Following, PBS baths (3x), visualization 
of the antigen-antibody reaction with DAB+ 
(K3468-DakoCytomation Carpinteria, USA) for 45 
s, followed by PBS and distilled water washing 
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(5 min, 3x) were executed. Finally, counterstaining 
by hematoxylin for 45 s, water washing for 10 
min, ethanol dehydration, xylol diaphanization and 
adhesion of the coverslip in the cuts with Enterlan® 
resin (Merck KGaA, Frankfurter, Darmstadt, 
Germany) were performed.

The cells immunostained for MMP-9 protein 
were analyzed in x100 magnification objective, with 
reticular integration, coupled to x8 magnification 
ocular. The results were obtained in number of 
cells/mm2.

Zymography analysis

The samples collected for the zymographic 
analysis (n = 5) were triturated and homogenized 
at low temperature (-170°C) by using a cryogenic 
grinding mill (6770 Freezer/Mill, Spex Certiprep, 
Metuchen, NJ, USA). To extract the proteins, 
approximately 1 g of alveolar bone was homogenized 
in triton X100 at 25% and agitated. The samples 
were centrifuged for 20 min at 15,000 rpm, at 
+4°C. At the end, the supernatant was discard 
and 200 µL of buffer extraction Tris 50 mM 
and CaCl2 100 mM, pH 7.4 and 1 µL of PMSF 
(phenylmethylsulfonyl fluoride) was added to the 
precipitate. The samples were left in water bath at 
50°C for 2 hours, and at each 10 minutes a light 
agitation was performed; after that, the samples 
were centrifuged for 15 minutes at 15,000 rpm. 
The supernatant was collected and kept in freezer 
(-20°C) for following quantification by using the 
method described by Lowry et al. [21].

In electrophoresis, it was applied 60 µg of 
protein from the tooth socket samples. It was used 
a separation gel at 11% sodium dodecyl sulphate 
polyacrylamide (SDS-PAGE) with 0.5% gelatin as 
substrate. Molecular weight patterns were used 
for MMP-2 and 9 (Calbiochem, EMD, Biosciences 
Inc., La Jolla, CA, USA).

At the electrophoresis end (approximately 2 
hours) the gel was incubated in 50mM Buffer 
Tris HCl, 2.5% Twenn 80, 0.02% NaN3, pH 7.5, 
and left for 30 minutes; next it was replaced by 
50 mM Buffer Tris HCl, 2.5% Twenn 80, 0.02% 
NaN3, 1 µm ZnCl2, 5 mM CaCl2 and left for more 
30 minutes. Then, it was replaced for 50mM 
Buffer Tris HCl, 5mM CaCl2, 0.02% NaN3, 1 µm 
ZnCl2 (pH 7.5), in which the gel was left for 18 
hours at 37°C. At the end of this period, the gel 
was stained by Coomassie Blue G-250 (0.5%) and 
bleached by a solution of 10% methanol and 5% 

acetic acid. The gel analyses were performed by 
densitometry through Kodak Molecular Imaging 
Software (Rochester, NY, USA).

Statistical analysis

GraphPad Instat software version 3.0 for 
Windows and GraphPad Prism software version 
4.0 for Windows (Graph Pad Software, San Diego, 
USA) was used. Data presented a normal and 
homogenous distribution, and then they were 
analyzed by Anova. Tukey test was applied as 
post hoc for Anova. The level of significance was 
adopted at 5%, for all cases.

Results

Microscopic analysis

In all groups studied, the process of repair 
was noted according to the time elapsed during 
the experimental periods (7, 14, 21 and 30 days). 
At 7 days, the tooth socket was occupied mainly 
by blood clot and connective tissue, without great 
differences among groups. At 14 and 21 days, 
there was a gradual decreasing of the blood clot, 
an alteration in the connective tissue composed by 
fibroblasts, macrophages, and some inflammatory 
cells to conjunctive tissue composed by fibroblasts 
and fibrocytes, parallely to the substitution by 
newly bone tissue (primary), growing from the 
socket walls to its center. At these time periods, 
(14 and 21 days), a greater bone tissue formation 
was noted in the control group in comparison with 
the groups treated with fluoride; also, there was a 
higher presence of blood clot vestiges in the group 
treated with 50 ppm F. At 30 days, the formation 
of bone tissue covering great part of the socket was 
seen in all groups; however, there was a higher 
bone formation in control group compared with 
the group treated 50 ppm F.

MMP-9: immunostaining and 
histomorphometry

In general, the cells immunostained for MMP-9 
were mononucleated cells similar to macrophages, 
at the initial periods (7 and 14 days), found in all 
groups. At the following periods, 21 and 30 days, 
the staining was predominantly in osteoblasts, 
mononucleated cells similar to fibroblasts and 
osteoclasts (figure 1), found in all groups studied. 
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Figure 1 – Area of the alveolus showing immunostained cells (MMP-9), newly-formed bone (NB), conjunctive tissue (CT) 
A) Group I (0 ppm) 7 days; B) Group I (0 ppm) 30 days; C) Group IV (50 ppm) 7 days; D) Group IV (50 ppm) 30 days; E) Group I (7 
days), negative control (absence of primary antibody). x40 magnification

• Apical third: The expression of MMP-9 was registered in all groups, both experimental and control, 
(figure 1). The expression of MMP-9 increased in 0 ppm and 15 ppm groups, according to the period 
of time elapsed (7-30 days). However, in 5 ppm and 50 ppm F groups there was a decreasing in the 
number of cells immunostained for MMP-9. There were no statistically significant differences in the 
expression of MMP-9 among the experimental groups (table I);
• Medium third: The expression of MMP-9 increased as the time went by (7-30 days) in 0 ppm, 5 ppm 
and 15 ppm F groups. There was a decrease in 50 ppm F group. At the experimental period of 7 days, 
there were statistically significant differences between 0 ppm and 50 ppm F groups and between 15 
ppm and 50 ppm F (table I).

Table I – Number of cells/mm2 which expressed MMP-9, in the apical and medium thirds, in the several 
experimental periods

Experimental groups
Time (days) 0 ppm 5 ppm 15 ppm 50 ppm

apical medium apical medium apical medium apical medium

7
114*Aa

(34)
93Aa

(16)
193Aa

(73)
158Aab

(44)
111Aa

(41)
118Aa

(29)
195Aa

(53)
247Ab

(66)

14
149Aa

(51)
172Aa

(35)
185Aa

(122)
206Aa

(141)
142Aa

(37)
160Aa

(30)
165Aa

(17)
180Aa

(53)

21
170Aa

(42)
139Aa

(46)
182Aa

(51)
170Aa

(43)
159Aa

(40)
181Aa

(51)
166Aa

(31)
217Aa

(48)

30
134Aa

(35)
180Aa

(45)
136Aa

(57)
179Aa

(83)
140Aa

(65)
125Aa

(19)
145Aa

(11)
186Aa

(38)

* Mean of the number of stained cells; () standard deviation for each variable, different lowercase letters in the same line; for each 
variable, different uppercase letters in the same column
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Activity of MMPs 2 and 9 and their 
proenzymes

The activity of metalloproteinases 2 and 9 
and their respective proenzymes were expressed 
in relation to the area obtained in the zymogram 
(analysis of the bands: number of pixels per mm2). 
The activity of pro-MMP-9 and MMP-9 was higher 
in the group treated with 5 ppm of F at 30 days 
than the other groups (graph 1). On the other hand, 
the group treated with 15 ppm of F obtained the 
highest activity of pro-MMP-9 and MMP-9 at 7 days. 
50 ppm F group obtained the smallest values of the 
activity of MMP-9 (pro and active) when compared 
with the other groups.

Graph 2 – Representation of the activity of pro-MMP-2 
(A) and MMP-2 (B) in areas of the bands in the zymogram 
gel, in control, 5, 15 and 50 ppm F groups

Discussion

Several studies in the literature have described 
the event of alveolar repair after tooth extraction 
in rats [25, 37], dogs [5] and humans [11, 12]. In 
this sense, the bone repair in alveolus after dental 
extraction has been adopted as a very interesting 
model for the study of the stages of bone repair 
process, from the initial events (hours and days) 
to late periods (months) for the identification/
quantification of the cells and molecules, in addition 
to the expression of these genes [6, 25]. Some of 
these molecules involved in alveolar repair are 
MMPs [1, 3]. Specifically, MMPs 2 and 9 were 
related to the alveolar repair stages in rats and 
also to the cellular types present in each stage [1]. 
The results of this present study are in agreement 
with those previously described [1], which also 
reported the interchange of the staining of MMPs 
2 and 9 and the cellular types expressing them 

Graph 1 – Representation of the activity of pro-MMP-9 
(A) and MMP-9 (B) in areas of the bands in the zymogram 
gel, in control, 5, 15 and 50 ppm F groups

Considering to pro-MMP-2 and MMP-2, the 
values were very similar among the treated groups 
and control group at 7 and 30 days (graph 2). The 
exception occurred in relation to the group treated 
with15 ppm of F, which obtained a smaller activity 
than the other groups at 30 days, both for the 
proenzyme and active MMP-2.
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in the different stages of the alveolar repair. This 
expression/activity of MMPs is justified because 
MMPs present functions in the processes of cellular 
invasion/migration [28], helping the angiogenesis 
phenomenon [10, 15, 34], which brings blood 
support enough for the nutritional demand of the 
regeneration process [18]. Additionally to the cellular 
invasion and migration, MMPs would be present 
in the following stage to continue the process of 
degradation [24] and remodeling of the matrix in 
the bone repair area [1, 7]. However, the results of 
this present study concerning to MMPs 2 and 9 in 
the groups treated with F, were different from those 
described by Accorsi-Mendonça et al. [1], in addition 
to the differences already described regarding to 
the control group of the aforementioned study. This 
may suggest a direct or indirect interference of F 
in MMPs 2 and 9 activity.

It is known that MMPs may be regulated in 
different phases, from transcription to zymogen 
activation [14], as well as undergoing inhibition 
by other molecules as TIMPs (tissue inhibitors 
of MMPs) [1, 17] or RECK (reversion-inducing-
cysteine-rich protein with Kazal motifs) protein 
[40, 42]. Therefore, the immunostaining of MMP-
2 and MMP-9 itself does not guarantee that the 
stained enzyme have activity in the tissue because 
the anti-MMP antibody will be linked to an area 
of the enzyme present in both the pro-active and 
active form [1, 20]. Notwithstanding, the analysis 
by immunostaining of MMPs may show the time-
space distribution of the enzymes, which is a fact 
of great interest. Accordingly, the quantification of 
the activity of MMPs by zymography is considered 
the most adequate method [20]. Considering the 
aforementioned discussion, it could be understood 
the difference in the results of this present study 
between the immunostaining of MMP-9 and its 
activity measured by zymography. Such results are 
not conflicting; yet they are complementary. 

The regulation and inhibition of MMPs 2 and 9 
are related to the processes of blood clot resorption, 
as well as its replacement by connective tissue and 
following by bone tissue formation [10]. In vitro 
studies have demonstrated the regulation of the 
activation of MMP-2 activation at the beginning of 
osteogenesis [1] and osteoblastic differentiation [42] 
through other molecules as MMPs 9 and 14, RECK 
and TIMP-2. Other study, conducted with knockout 
mice, on MMP-2 and MMP-9, respectively, showed 
the importance of both enzymes in the structural 
properties of bone tissue [24]. These findings may 
justify the differences found in the staining for 
MMP-9 and consequently the difference in the repair 

process between the treated and control groups. 
Other study corroborating ours is that of Basi et 
al. [3], in which the authors described a delay in 
the alveolar repair process of rats treated with 
zoledronic acid associated to the increasing of the 
expression of MMP-9. In this same study [3] the 
authors suggested the increasing in the activity of 
MMP-9 and the increasing of the number of clasts 
or even in the activity of these clasts, knowing that 
MMP-9 is mainly expressed on osteoclast surface 
and in neoformation sites [29, 36]. The findings also 
indicate the staining of cells similar to clasts for 
MMP-9, confirming the suspect of several authors 
[3, 29, 36]. The staining of MMP-9 in cells similar 
to macrophages, obtained in this present study, is 
in agreement with the study of De Jong et al. [10], 
who through immunohistochemical confirmed its 
expression in macrophages. 

Conclusion

The results suggested an effect of fluoride in 
the activity of MMPs 2 and 9 at the initial period of 
the alveolar repair, which may be associated to the 
process of blood clot replacement and consequently 
to a delay in the bone repair. 
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