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Abstract

Aim: The aim of the present study was to evaluate the effect of simvastatin, a potent anti-
inflammatory drug, on the progression of alveolar bone loss in an experimental model of
periodontitis in rats.

Material and Methods: A cotton ligature was used around the lower right first molar in a
submarginal position in order to induce experimental periodontitis. Sixty rats were divided into
12 groups consisting of three control groups, three simvastatin groups, three ligature groups,
and three ligature plus simvastatin groups. The distance between the cemento-enamel junction
and the alveolar crest was determined at the mesial root surfaces of the lower right first molars
by radiographic as well as profilometric analyses.

Results: In rats of the experimental periodontitis group (ligature), alveolar bone loss was higher
compared to the control groups. However, simvastatin was associated with decreased alveolar
bone loss in all treatment groups with experimental periodontitis (p < 0.01).

Conclusion: Simvastatin treatment seems to be a beneficial and supporting therapeutic that
favors protection against alveolar bone loss in a model of experimental periodontitis in rats.
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Introduction

Periodontitis is a model of leukocyte-mediated bone
loss and inflammation (Van Dyke and Serhan, 2003)
that has similar pathogenic features to other
inflammatory diseases such as rheumatoid arthritis
(RA) Bozkurt ez al., 2006). There is much evidence that
host inflammatory responses play an important role in
periodontal tissue destruction (Nassar et al, 2005).
Tissue breakdown resulting from periodontal disease is
partly caused by host and bacterial proteinases on
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periodontal tissues. Statins are potent inhibitors of 3-
hydroxy-3-methylglutaryl-coenzyme A reductase
(HMG-CoA), the proximal and rate-limiting enzyme of
the mevalonate pathway (Endo e a/, 1977; Istvan and
Deisenhofer, 2001). Inhibition of HMG-CoA prevents
cholesterol production but also impairs the synthesis of
isoprenoid lipids necessary for the prenylation of small
guanosine triphosphatases (GTPases), which are
critical signaling molecules that require addition of an
isoprenoid tail to be active in cell membranes (Zhang
and Casey, 1996; Nassar ¢f al, 2009). Statins have also
been characterized by their immunomodulatory effects,
as well as anti-inflammatory properties, as
demonstrated by their ability to decrease plasma levels
of C-reactive protein (CRP) (Kwak ezal, 2003;
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Table 1. Distribution of the groups of rats (n = 5) according to the treatment and time period of the
experiment (days). Groups | and V and IX were considered control groups.

Group Treatment Period of treatment (days)
I control 5
I simvastatin 5
I ligature 5
\% ligature and simvastatin 5
V control 10
VI simvastatin 10
VI ligature 10
VIII ligature and simvastatin 10
IX control 15
X simvastatin 15
XI ligature 15
X1 ligature and simvastatin 15

McCarey ¢t al, 2004; Chu et al., 2012; Pefia e/ al.,, 2012).
However, the mechanism by which statins reduce
plasma CRP remains unknown (Arnaud ez al, 2005;
Chuezal., 2012).

The report by Pruefer e¢f a/. (2002) convincingly
demonstrated that pretreatment with clinically relevant
doses of simvastatin attenuates endotoxin-induced
leukocyte rolling and transmigration in the rat
mesentery. Simvastatin was administered 18 hours
before endotoxin. Simvastatin therapy up-regulated
endothelial nitric oxide synthase (eNOS) expression by
50% in the endothelium and decreased endothelial cell
P-selectin expression. Circulating cholesterol levels
were not reported in this study, but it is unlikely that
acute statin therapy would alter lipid levels in rodents.

There are several studies supporting the clinical
evidence of the potent anti-inflammatory and
cardioprotective effects of statins (Ridker ef a/, 1999;
Kim e al, 2012; Voegel and Forrester, 2013). It is
possible that these acute effects of statin therapy may
be related to attenuation of inflammatory processes
(Lefer, 2002). Mundy e al, (1999) showed that
simvastatin can induce the expression of bone
morphogenetic protein 2, a member of the
transforming growth factor § superfamily and a key
regulator of bone morphogenesis. Statins can also
stimulate the expression of bone anabolic factors such
as vascular endothelial growth factor (VEGF) and
promote osteoblast differentiation and mineralization
in MC3T3 cells (Maeda ¢ al, 2001). In addition,
previous studies have demonstrated that statins inhibit
the release of 1L-1, IL.-6 and TNF-o by up-regulating
nuclear receptors and peroxisome proliferator-

activated receptor (PPAR-a and PPAR~y) (Chang ez .,
2005) which may represent a direct antagonist effect to
cyclosporine A (CsA) (Nassar ezal., 2009).

The aim of the present study was to evaluate the
effect of simvastatin, a potent anti-inflammatory drug,
on the progression of alveolar bone loss in an
experimental model of periodontitis in rats using
radiographic analysis and profilometers.

Materials and methods

Animals

Sixty male Wistar rats (Novergicus albinns) were housed in
polypropylene cages in groups of five per cage and fed
standard laboratory chow (Labina, Purina, SP, Brazil)
and water ad /ibitum. All protocols described below were
in agreement with the Institutional Experimentation
Committee of the School of Dentistry of Cascavel
State University of Parana (Cascavel, Parand, Brazil)
and National Council for Control of Animal
Experimentation (Brazil).

Experimental protocols

The rats were randomly divided into 12 experimental
groups with five rats each. Three groups were treated
with saline solution (0.9% NaCl) and used as controls.
Three groups were treated with oral daily doses of
simvastatin (Novartis, Sio Paulo, Brazil) at 20 mg/kg of
body weight. Three groups received a cotton ligature
(Coats Corrente Ltda., SP, Brazil) around the lower
right first molar in a submarginal position to induce
experimental periodontitis, according to the methods
proposed by Nassar ezal. (2004). Anesthesia was
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Table 2. Measurements (means + standard deviations) of the distance between the cemento-enamel

junction and the alveolar bone crest (pixels and mm) on the mesial surface of the mandibular first

molars at 5 days.

Group (n =5) Treatment Mean (pixels) Mean (mm)

I control 0.58 +0.12 A 0.325+£0.05 A
[l simvastatin 0.60 +0.12 A 0.326 £ 0.12 A
1l ligature 0.81+0.23 B 0.463 + 0.08 B
vV ligature and simvastatin 0.78+0.17 C 0.409 +£0.04 C

Different letters represent statistically significant differences (p < 0.01)

Table 3. Measurements (means + standard deviations) of the distance between the cemento-enamel

junction and the alveolar bone crest (pixels and mm) on the mesial surface of the mandibular first

molars at 10 days.

Group (n =5) Treatment Mean (pixels) Mean (mm)

V control 0.66 £ 0.07 A 0.363 = 0.07 A
VI simvastatin 0.68 £ 0.20 A 0.365 = 0.05 A
VI ligature 1.41 £0.29B 0.585 +£0.11 B
VIII ligature and simvastatin 1.19+0.32C 0.506 + 0.03 C

Different letters represent statistically significant differences (p < 0.01)

obtained by intramuscular administration of (.08
mL/100 g of body weight of ketamine (Francotar,
Vitbac do Brasil Ind. e Com. Ltda., Sao Paulo, SP,
Brazil). The other three groups received the cotton
ligature and were treated with simvastatin. The rats
were sacrificed 5, 10 or 15 days after commencement of
the experimental protocol. The distribution of the
animals is summarized in Table 1.

Radiographic analysis

The rat mandibles were removed to determine the
degree of bone loss. Standardized digital radiographic
images were obtained with the use of a computerized
imaging system (Sens-A-Ray 3.11, London, UK) that
utilizes an electronic sensor instead of an X-ray film.
Electronic sensors were exposed at 70 kV and 8 mA
with the time of exposition at 0.3 impulses/second.
The source-to-film distance was always set at 50 cm,
and an aluminum wedge was incorporated into the
clectronic sensor to provide a radiographic density
reference. The distance between the cemento-enamel
junction and the alveolar crest was determined at the

mesial root surfaces of the lower right first molars with
the aid of a software package. Millimeters of bone loss
on each radiograph were measured three times by the
same examiner on different days in order to reduce
variation in the data.

Digital images were analyzed using the Sigma-Scan
2.0 software (London, UK). Records of the distance
between the cemento-enamel junction and the alveolar
crest at the mesial surfaces of the mandibular first
molars of the rats were taken. Data were expressed in
pixels as means and standard deviations and the means
of the three measurements were used for statistical
analysis. Statistical evaluation was done by analysis of
variance (ANOVA). Tukey's test was used to compare
differences among groups. Significance level was set at
1% (p < 0.01).

Profilometer analysis

After taking the digital radiographic image, mandibles
were thoroughly cleaned by complete removal of soft
tissues, and then they were positioned and analyzed by
profilometry (Starrett Sigma VB300, North Yorkshire).
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Table 4. Measurements (means + standard deviations) of the distance between the cemento-enamel

junction and the alveolar bone crest (pixels and mm) on the mesial surface of the mandibular first

molars at 15 days.

Group (n =5) Treatment Mean (pixels) Mean (mm)

IX control 0.79 £ 0.20 A 0.384 +0.10 A
X simvastatin 0.80 £ 0.07 A 0.383 £ 0.06 A
XI ligature 1.39+0.248B 0.636 + 0.07 B
XV ligature and simvastatin 1.31£0.24 C 0.555+0.14 C

Different letters represent statistically significant differences (p < 0.01)

Millimeters of bone loss on each radiograph were
measured three times by the same examiner on
different days in order to reduce errors. Data were
expressed in millimeters (mm) as means and standard
deviations, and the means of the three measurements
were used for statistical analysis. ANOVA was used for
statistical evaluation. Tukey's test was used to compare
differences among groups. Significance level was set to
1% (p < 0.01).

Results

Clinical observations

Simvastatin had a generally favorable safety profile and
was well tolerated over the 5, 10 and 15 days of the
treatment. No relevant clinical manifestations were
observed in rats treated with simvastatin. No
alterations of either the palatal or lingual mucosa were
observed in any simvastatin-treated groups.

Radiographic aspects and profilometer analysis
The satisfactory outcome of the experimental
periodontitis model was confirmed, as increasing bone
loss over the time periods was evident. After 5, 10 and
15 days, simvastatin-treated rats with periodontitis
presented with significantly lower alveolar bone loss
compared with the untreated group (p < 0.01), albeit
increasing bone loss was significant compared with the
control group in all periods (p < 0.01). The distance
between the cemento-enamel junction and alveolar
crestis reported in Tables 2, 3 and 4.

Considering the radiographic analysis and
profilometry of mandibles of the experimental groups
in all periods it may be observed that the alveolar bone
loss was higher for the ligature group (p < 0.01) than
that obtained for the control group, simvastatin group,
and the simvastatin and ligature group (p < 0.01).
However, the results obtained at all time points showed
increasing alveolar bone loss for the simvastatin and
ligature group compared with the simvastatin-only

group (p<0.01).

Discussion

The biological effects of statins on bone metabolism
were first reported in 1999, when Mundy ez /. (1999)
found that these drugs were potent stimulators of
vitro bone formation. In fact, results of many studies
strongly suggest that statins have a beneficial effect on
bone health (Spolidorio e al, 2007; Nassar ef al., 2009).
When subcutaneously injected into rat calvaria, some
statins stimulate bone formation as well as increase the
expression of bone morphogenetic protein (BMP)-
2mRNA and osteoblasts (Mundy ¢# @/, 1999). Previous
studies have shown that statins, which are potent
cholesterol-lowering drugs, inhibit lipopolysaccharide-
induced expression of pro-inflammatory genes, such as
monocyte chemoattractant protein-1 (MCP)-1, iNOS,
intercellular adhesion molecule-1 (ICAM-1) and
interleukin-6 (Nareika ef al, 2007). Takebayashi e# al.
(2005) reported that low-dose atorvastatin (10 mg/d)
significantly decreased the level of CRP and MCP-1 in
patients with type 2 diabetes. Economides ¢f a/. (2004)
also reported that atorvastatin improved endothelial
function and decreased the levels of biomarkers of
endothelial activation and inflammation in patients
with type 2 diabetes mellitus (Economides ez a/, 2004;
Nareika e al, 2007). Simvastatin, which is currently
used to reduce cholesterol levels in humans, has
protective effects against possible bone loss, as shown
in Tables 2, 3, and 4. No bone loss occurred before 15
days of treatment, consistent with previous results
reported by Nassar ez al, (2009) where increased
calcium levels were observed only after 15 days of
simvastatin administration. One exception was the
Wong and Rabie study (2005), which reported the effect
of simvastatin on induction of bone formation in a trial
period of less than 14 days.

Previous experimental and clinical studies have
also demonstrated that statins can down-regulate both
acute and chronic inflammatory processes. Early
evidence for the direct vascular effects of statins was
provided by clinical studies demonstrating
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improvements in coronary endothelial function in
patients as early as one month after the initiation of
statin therapy (Lefer, 2002). This is similar to our results
that demonstrate the effectiveness of the action of
simvastatin in the initial induction of periodontal
disease (Tables 2 and 3) until the conclusion of the
experimental period (Table 4). It soon became evident
that statins had potent actions on the vascular
endothelium that might be mediated by eNOS.
Landmark studies by Laufs ez a/ (1997; 1998) reported
that statins up-regulate eNOS function under baseline
conditions and after hypoxic conditions (Lefer, 2002).
Laufs et al (1997) reported that simvastatin and
lovastatin increased endothelial cell eNOS mRNA half-
life from 13 to 38 hours. Furthermore, Laufs e/ al.
(1997, 1998) discovered that statins raised endothelial
NOS function via inhibition of biosynthesis of L-
mevalonate and the isoprenoid geranyl geranyl
pyrophosphate (GGPP). The study of Kureishi e a/,
(2000) strongly suggested that simvastatin activates the
protein kinase Akt, resulting in improved endothelial
function though enhanced eNOS phosphorylation and
NO generation via eNOS. Kureishi ez 2/ (2000) also
reported for the first time that simvastatin treatment
can attenuate endothelial cell apoptosis and augment
angiogenesis in the ischemic rabbit hind limb model
system. Since eNOS-derived NO represents a highly
potent anti-inflammatory signaling pathway, the
investigation of statins as anti-inflammatory agents is
very logical (Lefer, 2002).

Nassar ¢f al. (2009) showed that administration of
simvastatin counteracted the deleterious effects of CsA
on bone turnover in the absence of inflammation.
These results are compatible with those reported by
Ohno ¢t al. (2003), who showed that treatment with
cerivastatin improves CsA-induced high turnover
osteopenia in transplanted bone, mainly through the
inhibition of bone resorption (Nassar ef al, 2009).
According to Lin e al (2009), during systemic
simvastatin use the effect of decreased bone loss had a
close connection with delayed macrophage migration
to the damaged bone, similar to our results (Tables 2, 3
and 4). Ayukawa et al. (2004) observed that simvastatin
promoted osteogenesis around titanium implants,
increasing integration and improving the natural bone
formation. Kilic 7 /. (2008) showed a beneficial effect
in the treatment of bone destruction in rats with
systemic use of simvastatin.

Simvastatin treatment also resulted in a decrease of
alkaline phosphatase in healthy animals, whereas the
opposite effect was observed in the presence of
periodontal inflammation. Some studies had pointed
out that simvastatin enhances alkaline phosphatase
activity and promotes osteoblast differentiation and
mineralization (Maeda ef a/, 2001; Seto et al., 2008).
However, simvastatin had no counteracting effect on
the CsA-mediated decrease of alkaline phosphatase
activity in healthy animals or those with periodontal

disease (Nassar ¢f al, 2009). Collectively, these results
suggest that simvastatin therapy has a beneficial effect
on bone turnover.

Conclusion

Simvastatin treatment seems to be a beneficial and
supporting therapeutic that favors protection against
alveolar bone loss in a model of experimental
periodontitis in rats. Additional studies are needed to
understand the biological mechanisms of simvastatin
in the presence or absence of inflammation.
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