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RESUMO

Efeito da atorvastatina na perda 6ssea inflamatéria em ratas com osteoporose induzida
por glicocorticoides. EVELINE VALERIANO MOURA. Dissertagio Submetida a
Coordenacdo do Programa de Pds- Graduacdo em Ciéncias da Satde, da Universidade Federal
do Ceara, como pré-requisito para obtengdo do titulo de Mestre. Area de concentragio:
Inflamag@o e Dor. Aprovagdo em 2013. Orientadora: Profa. Dra. Paula Goes.

A doenga Periodontal (PD) ¢ uma doenga inflamatdria que pode ser potencializada por
condig¢des sistémicas severas, especialmente a osteoporose. A osteoporose induzida por
glicocorticoide (GIOP) ¢ uma importante causa de osteoporose secundaria. A
Atorvastatina (ATV), ¢ uma droga hipolipemiante, que tem importantes efeitos
pleiotropicos tais como atividade antiinflamatéria e anabolica dssea, que podem ser
relevantes em prevenir a perda dssea na GIOP e PD. Este estudo avalia os efeitos da
ATV na perda dssea alveolar em ratas com GIOP sujeitas a PD. GIOP foi induzida pela
Administracdo de dexametasona 7 mg/kg 1x/semana por 5 semanas (i.m.). PD foi
induzida pela ligadura ao redor da maxilla no Segundo molar de ratas por 11 dias.
Grupos de 6 animais receberam salina oral ou ATV (27 mg/kg/day) até a eutanasia. A
perda dssea alveolar foi determinada por analises macroscopicas e radiograficas. A
Densidade Radiografica (RD) do femur foi analisada. Niveis séricos gengivais de TNF-
a e IL-1P foram investigados. Os niveis séricos de transaminases, fosfatase alcalina total
(FAT) e fosfatase alcalina 6ssea (FAO) foram avaliadas. ATV preveniu a perda 6ssea
alveolar, que foi comprovada pela redu¢do da RD na hemimaxila e femur, mostrando
efeito anti-reabsortivo. ATV reduziu os niveis séricos gengivais de TNF-a e IL-1P e
reverteu a leucocitose sistémica e a neutrofilia. Nenhuma diferenga foi encontrada nos
niveis séricos de transaminases. ATV (27 mg/kg) elevou a atividade de FAT e FAO,
quando comparada com o grupo GIOP+PD, confirmando seu afeito anabolico dsseo.
Estes dados sugerem que ATV previne perda 6ssea alveolar em GIOP+PD, que pode ser

mediada pelo seu efeitos anti-reabsortivo, antiinflamatorio e anabolico 6sseo.

Palavras- chave: Atorvastatina; Perda Ossea; Periodontite; Osteoporose induzida por

Glicocorticoide.



ABSTRACT

Periodontal disease (PD) is an inflammatory disease that can be amplified by several
systemic conditions specially osteoporosis. Glucocorticoid-induced osteoporosis
(GIOP) is an important cause of secondary osteoporosis. Atorvastatin (ATV), a
cholesterol-lowering drug, has shown important pleiotropic effects such as anti-
inflammatoryand bone anabolic activities that may be interesting to prevent bone loss in
GIOP and PD. This study evaluatesthe effects of the ATV on alveolar bone loss in rats
with GIOPsubjected to PD. GIOP was induced by administration of dexamethasone 7
mg/kg once/week for 5 weeks (i.m.). PD was induced by ligature placement around the
maxillary left second molar of rats per 11 days. Groups of 6 animals received oral saline
or ATV (27 mg/kg/day) until the euthanasia. Alveolar bone loss was determined by
macroscopic and radiographic analysis. Radiographic density (RD) of femur was
analyzed. Gingival TNF-a and IL-1p levels were investigated. The serum levels of
transaminases, total alkaline phosphatase (TALP) and bone-specific alkaline
phosphatase (BALP) were evaluated. ATV prevented alveolar bone loss, which was
corroborated by RD reduction in hemimaxillae and femur, showingananti-resorptive
effect. ATV reduced the gingival levels of TNF-a and IL-1Band reversed the systemic
leukocytosis and neutrophilia. No difference was found in transaminases serum levels.
ATV (27 mg/kg) increased the activity of TALP and BALP when compared to
GIOP+PD group,confirming its anabolic bone effect.This data suggest that ATV
prevents alveolar bone loss in GIOP+PD, which may be mediated by its anti-resorptive,

anti-inflammatory and anabolic bone effects.

Keywords: Atorvastatin, Bone Loss; Periodontitis;  Glucocorticoid-induced

Osteoporosis.
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1. INTRODUCAO GERAL

A periodontite ¢ uma doenca infecto-inflamatoria prevalente que afeta os tecidos de
suporte dental.2 A etiologia ¢ multifatorial, mas o biofilme ¢ um importante fator que
inicia a doenga. No entanto, os processos inflamatorios, que produzem citoquinas, as

metaloproteinases de matriz (MMPs), entre outros, levam a perda ossea.

A reabsorcao Ossea alveolar ¢ uma medida e consequéncia da peridontite severa.
(Humprhrey 2008). Considerando-se que a resposta do hospedeiro ¢ importante para
inicio e progressdo da perda dssea inflamatoria, visto na periodontite, a literatura recente
tem estudado a participagdo de doencas sistémicas que interferem no processo imune/
inflamatorio do hospedeiro e por conseqiiéncia no periodontite.2,3 Neste contexto,
muitas doencas, tais como diabetes, doencas renais cronicas, dentre outras, t€ém sido
apontados. A osteoporose pode ser diagnosticada se houver baixa densidade mineral
Ossea, com causas secundarias (terapia com glicocorticoides, hipogonadismo e
hiperparatireoidismo) (Beyu 2014). A osteoporose induzida por glicocorticoides (GIOP)
tem destaque, considerando-se o uso amplo e cronico desta droga e seus efeitos

adversos.4

A osteoporose ¢ uma doenca cronica bastante prevalente, geralmente
assintomatica, até surgirem suas complica¢des. Pacientes que sofrem desta doenga necessitam
utilizar inimeras medicagdes para seu tratamento. E conhecida como doenga sistémica com
reducdo da massa Ossea e degeneracdo da microarquitetura ossea, que facilmente leva a aumento
do risco de fratura. A dislipidemia, largamente vista como fator de risco para doencas

cardiovasculares, tem sido atribuida como associada a mudancas na massa o6ssea. (Chen 2013)

Os glicocorticoides (GCs) tém sido amplamente utilizados na pratica clinica,
para o tratamento de doencas reumatoldgicas, principalmente devido a seus efeitos
imunossupressores.S Entretanto, a longo prazo e / ou a apos a utilizacdo de altas doses
dos GCs, estes podem induzir o desenvolvimento de osteoporose, um importante efeito
adverso. GIOP ¢ caracterizada pela diminui¢do da massa Ossea aumentando a
fragilidade Ossea, o que leva as altas taxas de morbidade entre pacientes.4 Os
osteoblastos sdo as principais células afetadas em GIOP, juntamente com as células de
gordura se originam a partir de células-tronco mesenquimais derivadas da medula 6ssea
(BMMSCs). Os GCs promovem a diferenciagdo de BMMSCs em adipdcitos, ao mesmo

tempo em que inibem a diferenciacio em BMMSCs, conduzindo assim a um
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desequilibrio entre osteoblastos e osteoclastos, promovendo perda 6ssea.6 Esta condigao
em um paciente com periodontite pode ser ainda pior, uma vez que ¢ bem conhecido
que os mediadores inflamatorios, relacionados com a periodontite, como TNF e
interleucinas  podem interferir no eixo RANK-RANKL-OPG favorecendo

osteoclastogénese.6

Os glicocorticoides com frequéncia sdo lembrados como drogas antigas, mas que
ainda sdo bem utilizadas, devido as suas propriedades antiinflamatorias e
imunossupressoras (De Nijs et al., 2008). Estdo bem indicados nas doengas
inflamatorias intestinais, doengas reumatologicas, nefropatias, e na oncologia (Peat et
al., 1995) . Os efeitos colaterais sdo bem conhecidos, ¢ um dos mais importantes ¢ a
perda 6ssea, mesmo em baixas doses. Uma vez estabelecido, ¢ dificil reverter este
processo (Peat et al., 1995). O mecanismo de agdo ocorre pela inibicdo da funcdo dos
osteoblastos, levando ao decréscimo da formacao ossea, enfraquecimento da arquitetura
e consequente reducdo da densidade mineral 6ssea e risco de fraturas (De Nijs et al.,
2008). A perda oOssea tem inicio com 3 meses e seu pico ocorre apds 6 meses de
tratamento (Grossman et al., 2010). E evidenciada principalmente em ossos com alto

teor trabecular como vértebras.

O risco de osteoporose induzida por glicocorticoide pode ser reduzido com o uso
da menor dose e num curto periodo de tempo (De Nijs et al., 2008). Entretanto, ha outros fatores
que interagem na perda ossea induzida por glicocorticdides tais como: sexo e idade, historia
familiar de fraturas, uso de alcool, tabagismo, baixo IMC, pulsoterapia intravenosa (Grossman

etal., 2010).

Intimeras medidas sdo recomendadas na preveng@o e no tratamento da osteoporose
induzida por glicocorticéides, tais como: evitar fumo e alcool, ingesta de alimentos ricos em
calcio e Vitamina D, calcitotina, bifosfonados, suplementos de célcio, analogos de Vitamina D,
Terapias Hormonais (Peat et al., 1995). Entretanto, at¢é o momento, ndo ha nenhum consenso

sobre como ou quando estes agentes devem ser introduzidos na pratica clinica.

Desta forma, considerando o carater inflamatorio do uso de glicocorticoide na perda
oOssea alveolar, parece ser interessante o emprego de novos agentes que possam interferir neste

processo inflamatério e consequentemente modular o metabolismo dsseo.

Assim, considerando-se o efeito adverso dos GCs em osteoblastos e o papel da

inflamacdo periodontal em osteoclastos, o estudo de meios farmacoldgicos que
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modulem o metabolismo 6sseo parece ser interessante. Neste caso, as estatinas podem
ser uma  ferramenta  importante. A  atorvastatina  (ATV) ¢

O metabolismo dsseo ... A reabsor¢do Ossea alveolar ¢ uma consequéncia da doenca
periodontal grave. As estatinas s3o utilizadas na pratica clinica como
hipolipemiantes.70 mecanismo de acdo das estatinas envolve a inibicdo da
hidroximetilglutaril coenzima A redutase (HMG-CoA) , enzima da via do mevalonato.8
Isto resulta no declinio dos niveis endogenos de colesterol e aumento dos niveis dos
isoprendides, uma substancia envolvida no processo de sinalizacdo celular, levando a
alterac¢do na transcrigdo e transducdo da sinalizagdo intracelular, o que em contrapartida
tem impacto nas diversas funcdes celulares.9 Portanto, as estatinas tém mostrado
interessantes efeitos pleiotropicos, como imunomodulador, anti-oxidante, atividade anti-
inflamatoria e anabolico 6ssea.9 Estudos mostram efeitos positivos da estatina no tecido
0sseo, em ambos animais e humanos, atuando na expressdo da BMP-2, levando a
diferenciagdo dos osteoblastos e interferindo na atividade dos osteoclastos
(Chuengsamarn 2010). Entre os varios tipos de estatinas, a atorvastatina (ATV) tem
destaque, porque ¢ altamente hidrofobica, apresentando efeitos.9 pleiotropicos mais
pronunciados. Desta forma, parece interessante estudar o efeito de ATV na perda dssea
alveolar em ratas com osteoporose induzida por glicocorticéides submetido a

periodontite.

As estatinas sdo bem empregadas no tratamento de pacientes com fatores de risco
cardiovasculares e na prevencao secundaria da aterosclerose. Também apresentam atividade nos
osteoblastos pelo aumento da sintese da proteina- 2, na formagdo 6ssea (Bone et al., 2007). O
seu uso na pratica clinica é bem tolerado independente da dose utilizada (Bone et al., 2007). As
estatinas sdo consideradas como agindo na func@o dos osteoclastos por agirem em um novo sitio
diferente do sitio que agem os bifosfonados (Mundy 1999), tendo a capacidade de anabolismo
6sseo (Chan 2001).

A Atorvastatina (ATV) age como inibidor da enzima hidroximetilglutaril coenzima
A redutase (HMG- CoA) (Pérez- Castrillon et al., 2008). Tem sido largamente utilizada na
prevencdo de eventos cardiovasculares, e além de ser um agente hipolipemiante, tem efeitos
secundarios, incluindo agdo antiinflamatéria, imunomoduladora, antioxidante, antitrombotica e
estabilizadora do endotélio, assim como agdo na angiogénese e incremento da diferenciacéo dos

osteoblastos (Goes et al, 2010).
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Mesmo baixas doses de ATV mostram uma tendéncia a reducdo da perda Ossea,
que ¢ tanto maior quanto maior a dose utilizada. Tem sido descrito que as estatinas reduzem a
producdo de muitas citocinas pré-inflamatdrias, tais como IL-6 e IL-8, produzidas nas células
epiteliais, assim como agdo na resposta imune, protegendo o tecido dsseo da destruigdo (Pérez-
Castrillon et al., 2008). Elevadas doses de ATV reduzem a inflamag@o periodontal, segundo
estudos anteriores (Subramanian 2013), sugerindo seu efeito pleiotropico. Sendo assim,
evidenciam-se outros beneficios além de sua agdo na aterosclerose, reduzindo a inflamagdo
extra- arterial (Subramanian 2013). Outros estudos em humanos, mostraram que sinvastatina e
ATV, em qualquer dose utilizadas por um ano, ndo tiveram nenhum efeito sobre os niveis de

25- hidroxivitamina D, mas tiveram efeito positivo na densidade mineral dssea.

Por outro lado, a ATV também ¢ capaz de induzir o anabolismo 0sseo, realizado

pela proteina morfogenética 2 (BMP-2), aumentando o volume trabecular nas tibias.

Portanto, considerando o efeito antiinflamatério da ATV, parece ser interessante

avaliar o uso deste agente modulador do processo inflamatorio na perda éssea.

Sabendo que a osteoporose apresenta importante base inflamatoria, resultando em
reabsor¢do Ossea alveolar, e que esta doenga é fator de risco para periodontite, aliado aos
conhecimentos de que a Atorvastatina apresenta efeitos pleiotropicos importantes tais como,
efeito antiinflamatorio e antirreabsortivo, parece-nos interessante investigar a atividade desta

substancia na perda 6ssea alveolar de ratas com osteoporose induzida por glicocorticdide.
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2- PROPOSICAO

Os objetivos do presente trabalho, segundo o artigo relacionado adiante foram:

1. Objetivo Geral
e Avaliar o efeito antirreabsortivo da ATV em ratas com osteoporose induzida por
glicocorticoide, sujeitas a periodontite
o Analise macroscopica da perda Ossea alveolar
o Analise dos parametros sistémicos tais como: leucograma, disfungdo hepatica
através dosagem das transaminases (AST e ALT), bem como dosagem dos

niveis séricos de Fosfatase Alcalina Total (FAT) e Ossea (FAO)

2. Objetivos Especificos

e Avaliacdo do efeito da Atorvastatina na denssidade radiografica alveolar em
ratas com osteoporose induzida por glicocorticoide sujeitas a periodontite,
através de:

o Analise comparativa da densidade radiografica e mensuragdo

macroscopica da perda dssea alveolar

III - ARTIGOS CIENTIFICOS
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Esta dissertacdo esta baseada no Artigo 46 do Regimento Interno do Programa
de Pos-graduacdo em Ciéncias da Saiude da Universidade Federal do Ceara que
regulamenta o formato alternativo para dissertagdes de Mestrado e teses de Doutorado e
permite a inser¢do de artigos cientificos de autoria ou coautoria do candidato.

Por se tratar de pesquisa envolvendo animais, os protocolos utilizados neste
trabalho foram submetidos a apreciagio e devidamente aprovados pelo Comité de Etica
em Pesquisa com Animais da Universidade Federal do Ceara (Anexo 1).

Dessa forma, a presente dissertagdo ¢ composta por artigo cientifico redigido de
acordo com a revistas cientifica escolhida para a devida publicagdo, como apresentado
adiante:

LIJArtigo:
"Effect of Atorvastatin on alveolar bone loss in rats with glucocorticoid-induced
osteoporosis subjected to periodontitis”. Goes P, Moura E.V, Teixeira L.H., Queiroz A.
L, Isaias P. H. C, Linhares A. G, Rego R. O. C. C, Freitas R. S, Chaves H, Marques M.
Este artigo seguiu normas de publicagdo do periddico Journal of Periodontology (ISSN
1600-0722).

ARTIGO

Effect of Atorvastatin on alveolar bone loss in rats with glucocorticoid-induced

osteoporosis subjected to periodontitis.
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ABSTRACT
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Background: Periodontal disease (PD) is an inflammatory disease that can be amplified
by several systemic conditions specially osteoporosis. Glucocorticoid-induced
osteoporosis (GIOP) is an important cause of secondary osteoporosis. Atorvastatin
(ATV), a cholesterol-lowering drug, has shown important pleiotropic effects such as
anti-inflammatoryand bone anabolic activities that may be interesting to prevent bone
loss in GIOP and PD. This study evaluatesthe effects of the ATV on alveolar bone loss
in rats with GIOPsubjected to PD.

Methods: GIOP was induced by administration of dexamethasone 7 mg/kg once/week
for 5 weeks (i.m.). PD was induced by ligature placement around the maxillary left
second molar of rats per 11 days. Groups of 6 animals received oral saline or ATV (27
mg/kg/day) until the euthanasia. Alveolar bone loss was determined by macroscopic
and radiographic analysis. Radiographic density (RD) of femur was analyzed. Gingival
TNF-a and IL-1B levels were investigated. The serum levels of transaminases, total
alkaline phosphatase (TALP) and bone-specific alkaline phosphatase (BALP) were

evaluated.

Results: ATV prevented alveolar bone loss, which was corroborated by RD reduction
in hemimaxillae and femur, showingananti-resorptive effect. ATV reduced the gingival
levels of TNF-a and IL-1Band reversed the systemic leukocytosis and neutrophilia. No
difference was found in transaminases serum levels. ATV (27 mg/kg) increased the
activity of TALP and BALP when compared to GIOP+PD group,confirming its

anabolic bone effect.

Conclusions:This data suggest that ATV prevents alveolar bone loss in GIOP+PD,
which may be mediated by its anti-resorptive, anti-inflammatory and anabolic bone

effects.

KEYWORDS

Atorvastatin; Bone Loss; Periodontitis; Glucocorticoid-induced

Osteoporosis.
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INTRODUCTION

Periodontitis is a high prevalent infectious-inflammatorydisecase that affects the
supportive dental tissues,'and presents a multifactorial etiology.’Dental biofilm is an
important factor that initiates the disease, however the inflammatory processes,which
produces cytokines, matrix metalloproteinases (MMPs), among others,leads to bone

loss.

Considering that the host response has an importantroleon the initiation and
progression of inflammatory bone loss, seen in periodontitis, recent literature has
studied the participation of systemic disease that interfere on immune/inflammatory
process of the host and by consequence on periodontitis.”’In this context, many
diseases, such as diabetes, renal chronic diseases among many others, have been pointed
out. Nevertheless, glucocorticoid-induced osteoporosis (GIOP) is highlighted,

considering the wide and chronic use of this drug and its adverse effect.*

Glucocorticoids (GCs) have been widely used in clinical practice, in order to
treat mainly rheumatologic diseases, due to its immunosuppressive and anti-
inflammatory effects.”’However, the long-term and/or high-dose use of GCs can induce
the development of osteoporosis, animportant adverse effect. GIOPis characterized by
reduction of bone mass increasing bone fragility, whichleads to high rates of morbidity
among patients.*Osteoblasts are the main affected cells in GIOP,along with the fat cells
originated from the bone marrow-derived mesenchymal stem cells (BMMSCs). GCs
promote the differentiation of BMMSCs into adipocytesby the time it
inhibitsosteoblastsdifferentiation from BMMSCs, thus leading to an imbalance between
osteoblast and osteoclasts, promoting bone loss.’This condition in a patient with
periodontitis may be even worse, because it is well known that inflammatory mediators,
related to periodontitis, such as TNF and interleukins can interfere on RANK-RANKIL-

OPG axis favoring osteoclastogenesis.’
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Thus, considering the adverse effect of GCs on osteoblast and the role of
periodontal inflammation on osteoclast,the study of a pharmacological
approachwhichcan modulate bone metabolism seems interesting. In this case, statins
can be an important tool. Statins are used on clinical practice in orderto reduce
cholesterol levels.”The mechanism of actionof statinsinvolves the inhibition
ofhydroxymethylglutaryl coenzyme A (HMG-CoA) reductase enzymegon mevalonate
pathway. Thisresults indeclineofendogenouscholesterol and increase onisoprenoides
levels, a substanceinvolvedin the process ofcell signalingleading to alteration
ontranscription andtransductionofintracellular signaling, which in turnhinder the action
ofeffector proteinswithimpact ondiverse cellularfunctions.”Meanwhile, statins have
shown interesting pleiotropic effects, as immunomodulatory, antioxidant, anti-
inflammatory activity and anabolic bone effect.” Among the several types of statins,
Atorvastatin (ATV) points out, because it is highly hydrophobicand therefore presents
more pronounced pleiotropic effects.” In this way, it seems interesting to study the
effect of ATV on the alveolar bone loss in rats with glucocorticoid-induced osteoporosis

subjected to periodontitis.
MATERIAL AND METHODS
Animal selection

24females Wistar rats (Rattus norvegicus) from our own facilities weighing 180-220 g,
were used. These animalswere acquired fromCentralAnimal Facility of thePici Campus
— UFCand transferred to theSectorAnimal Facilityof the Faculty ofMedicine — Sobral
Campus, whichwere kept in appropriatecages in anumber of6animals in each. Therats
were acclimatized for 1 weekbefore the assay and housed undernormal conditions, in an
environment with controlled temperature at 23+3°C, relative air humidity of 55+£15%,
and a 12 h light-dark cycle,with laboratorychow and water available adlibitum. The
experimental protocolswere performedfollowing therecommendations presented in
theGuide for theCare and Useof LaboratoryAnimals(DHEW Publication,Bethesda, MD,
USA). Experimental protocols were executed following the ethical principles for
laboratory animal use and were approved by the Institutional Ethical Committee of
Animal Research (protocol no. 49/2012).The animals wererandomly divided
intodgroups: Periodontaldisease (PD), Glucocorticoid-induced osteoporosis(GIOP),

Glucocorticoid-induced ~ osteoporosis  and  periodontal  disease(GIOP+PD),
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Glucocorticoid-induced  osteoporosis and periodontal disease treated with
Atorvastatin(ATV).During the experiment, all participantswereblindedto the groups of

animals.
Glucocorticoid-induced osteoporosis (GIOP)

For induction of osteoporosis, the animals received injectionsof glucocorticoid
dexamethasone’at a dose of 7mg/kg once a week, for 5 weeks intramuscularly, once a

week. '
Ligature-induced inflammatory bone loss

Alveolar boneloss was induced wusing the periodontalmodel, previously
described,'"'**by placing a nylon ligature aroundthe cervix of the second left
uppermolar of rats anesthetized and the ligature was knotted on the buccalside. The
contralateral side was usedas an unligated control (Normal group). Rats wereobserved
for 11 days, the day of the mostintense alveolar bone loss andthen euthanized under

anesthesia.! "%

Experimental groups

> Periodontal Disease group (PD): Six animals received 0,5 mlof 0.9 % sterile
saline solution (SAL) intramuscularly for 5 weeks (once a week). Then they
received 2 ml/kg of 0,9 % SAL by gavage 30 min before ligature placement.
The same volume of SAL was administered daily after ligature placement for
more 11 days when the rats were euthanized.(Figure 1)

» Glucocorticoid-induced osteoporosis group (GIOP):Six animals were
subjected to GIOP. Then these animals received 2 ml/kg of 0.9 % SAL by
gavage 30 min before sham oral surgery, where no ligature was placed. The
same volume of SAL was administered daily for 11 days, when the rats were
euthanized.(Figure 1)

» Glucocorticoid-induced osteoporosis+ Periodontal Disease group (GIOP +
PD): Six animals were subjected to GIOP. Then these animals received 2 ml/kg
of 0.9% SAL by gavage 30 min before ligature placement. The same volume of
SAL was administered daily, after ligature placement, for 11 days when the rats

were euthanized.(Figure 1)
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» Atorvastatin group (GIOP + PD + ATV):Sixanimals were subjected to GIOP.
Then these animals received 27 mg/kg of ATV#by gavage 30 min before ligature
placement.”’. The same dose of ATV was administered daily after ligature

placement until day 11, when the rats were euthanized.(Figure 1)
Morphometric analysis of alveolar bone tissue

The maxillae were removed on day 1lafter ligature placement and fixed, for24 h, in
10% formaldehyde”.Morphometric analysis was performedas follows: the maxillae
were separatedin half, defleshed, stained with 1%aqueous methylene blue*placed on

Tt

microscopeslides and photographed using a digitalcamera''. Resorption area was

measuredincluding the occlusal tipsof the vestibular side of the teeth tothe bone border

in the entire maxilla. The images were evaluated using Image J software*, 1213

Radiographic density (RD) of hemimaxillae

The same specimens used for morphometric analysis were radiographed using Digora
SoredexSystem®*". The hemimaxillae were posed overthe sensor. Radiographic images
were acquired using63 kVp, 8 mA, 0.06 s of time exposure and 30 cm focaldistance.
These images were evaluated by Image J software**. A region of interest (ROI) of 128
pixelswas selected and posed underthe cement-enamel junction from mesial to distal, of
second molar in the diseased side as well as on itscontra lateral normal side. Gray tone
differences fromboth areas were considered as a value of radiographicdensity. The
radiographic density analysiswas done by the histogram tool of Image J
software*,which uses a 256 grey tone scale, where zero indicates theblack and 255 the

white color."!
Radiographic Density (RD) of Femur

The right femurs of animals were removed on day 11after ligature placement and fixed,
for24 h, in 10% formaldehyde**. The radiographic density was performedusing
DigoraSoredexSystem®*". The femurs were posed overthe sensor. Radiographic images
were acquired using the same configuration as for the maxilla. These images were
evaluated by Image J software**. A region of interest(ROI) was created measuring 0,5
(w) 0,5 (y), in the form ofa square, with 473 x 229 pixels, andwas positionedin

theproximal femur diaphysis, and the same evaluator drew all ROIs panel. A
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standardized method was used to analyze the ROI of each image.Grey tone differences
fromboth areas were considered as a value of radiographicdensity. The radiographic

density analysiswas done similarly to the ones of maxilla.'""*

Gingival levels of TNF-a and IL-1f

Tumor necrosis factor (TNF) -a, interleukin (IL) -1Bconcentrations were determined in
the buccal gingiva surrounding the maxillary left molars by the time of euthanasia in all
experimental groups. The gingival tissue was removed and stored at -80 °C. The
material was homogenizedin a solution of RIPA Lysis Buffer Sys‘cemH I The cytokines
were quantified by the following kits: TNF-o—Rat TNF-alpha/TNFSF1A Quantikine
ELISA Kit"; IL-1p-Rat IL-1 beta/ IL-1F2 Quantikine ELISA Kit™. All procedures
followed the instructions of the manufacturer R&D Systems. The absorbance was

measured at 450 nm. IL-1p and TNF-o concentrations were expressed as pg/mL."
Leukogram

The method foranalysis of total white blood cell, neutrophiland mononuclear cell counts
was asfollows: 20 pL of blood was takenfrom the rat tail and added to 380 pLof Turk
solution. Total white bloodcell counts were performed using aNeubauer chamber, and
the differentialcounts were made using smearsstained by a rapid Instant Prov StainSet™.
Whiteblood cell counts of the groups of ratsfrom all experimental groups in the

beginning and at the end of the assay.'>"

Serum levels of transaminases and total alkaline phosphatase

Blood samples werecollected,from the orbital plexus after localanesthesiain ratsfrom all
groups in the beginning and at the end of the assay.Serum levels of Total alkaline
phosphatase (TALP), aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) were calculated.These analyses wereperformed following the manufacturer

. . Rk 1213
Instruction . 7

Serum levels of Bone-Specific Alkaline Phosphatase

Blood samples werecollected from the orbital plexus ofanesthetized ratsfrom all groups

in the beginning and at the end of the assay.Bone-specific alkalinephosphatase (BALP),
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a thermosensible isoform of total alkaline phosphatase,was evaluated using
athermoactivation method. The sampleswere heated to 56°C for 10 min.'® Serum levels
of BALP were calculatedby subtracting the concentrationof heated alkaline phosphatase
inserum from the concentration of totalalkaline phosphatase (TALP) in serum.

. . . sk
Theseanalyses were performed according tothe manufacturer instruction” .'>"

Statistical Analysis

The data obtained in the analyses were grouped and presented as mean+standarderror of
the mean (S.E.M). ANOVAfollowed by the Bonferroni or T-Student testwere used to
comparethe means. A p value of p < 0.05 was consideredto indicate significant
differences.All calculations were performedusing the GraphPad Prism 5 software''". All

protocols and analyses were performed in a blinded manner.
RESULTS

All animals tolerated the experimental procedures well and remained healthy throughout
the experimental period.No significant differences regarding body weight variation were

observed among groups (p>0.05). (Not shown data)
Examiner Calibration

There were no significant differences between the measurements performed by the same
examiner in all analyses when the first and the second evaluations were compared
(p>0.05). There was also a significant correlation between the measurements obtained

by the two examiners (r>0.90).
Effect of ATV on bone structure

On macroscopic analysis, the animals subjected to PD showed important bone
resorption(5.24+0.39 mmz), marked by furcation lesion and root exposure (Figure
3D).GIOPdid not causebone loss (0.61+0.12 mm?®) (Figure 3G) when compared to PD
group (p>0.05) (Figure 3A). However the animals subjected to GIOP+PD showed a
greater bone resorption(7.53+0.75 mm?)(Fig. 3J) when compared to PDorGIOP
(p<0.05). The treatment with Atorvastatin (ATV) reduced alveolar bone loss (4.68+0.39
mm?) (Figure 3M) when compared to GIOP+PD(p<0.05) (Figure 2A).
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Considering the radiographic density (RD) of hemimaxillae, the animals subject
to periodontitis showed significant reduction on RD (PD=160.17+4.67 grey
tones)(Figure 3E) when compared normal hemimaxillae (196.85+2.61) (Figure 3B).
GIOP did not change significantly, RD of hemimaxillae (181.17+3.57) (Figure 3H)
when compared to the Normal ones. On the other hand, the hemimaxillae of animals
subjected to GIOP+DP showed lowerRD (138.41+5.05) (Figure 3K) when compared to
Normal, PDorGIOPgroups (p<0.05). The treatment with ATV prevented RD reduction
(166.42+1.93) (Figure 3N) when compared to GIOP+PD group(Figure 2B).

Evaluating the RD offemurs of animals, the ones subjected to PD (164.27+5.10
grey tones) (Figure 3F) did not show significant difference when compared to bone of
Normal group (163.10£2.82) (Figure 3C). GIOP cause a significant reduction on RD on
femur (133.77+1.43) (Figure 31) when compared to Normal or PD groups. The animals
subjected to GIOP+DP showed reduced RD of femur (134.15+1.48) (Figure 3L) when
compared to Normal and PD groups (p<0.05). ATV prevented the reduction of RD of
femur (157.20£5.06) (Figure 30) when compared to GIOP+DP group (p<0.05) (Figure
20).

Effect of ATV on gingival TNF-a and IL-1f levels

The induction of PD caused a significant increase in gingival TNF-a and IL-1B levels
when compared to Normal tissue. GIOP did not alter the gingival levels of these two
pro-inflammatory cytokines. The gingival tissue of animals subjected to GIOP+PD
showed increase on TNF-a and IL-1f levels when compared to normal tissue (p<0.05).
However the treatment with ATV prevented the increase of TNF-a and IL-1p levels
when compared to tissue of animals from groups PD orGIOP+PD (p<0.05). (Table 1)

Effect of ATV on Leukogram

Regarding total leukocyte counts, it was observed thatPD caused leukocytosis after
ligature(17.50+0.95 leukocytes x 10°/mm’) (Figure 4A), when comparedto Baseline
data (7.27£0.39). This leukocytosis wasmarked (p <0.05) by neutrophilia
(5.85+0.28neutrophil x 10°/mm®), when compared to Baseline(2.70+0.28) (Figure 4B).
It was observed a leukocytosis on group GIOP (14.17+£0.92) as well as in GIOP+PD
group (15.89+1.78) (Figure 4A) also marked by neutrophilia (GIOP=5.41+0.36 and
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GIOP+DP=6.33+0.46) (Figure 4B). The treatment with ATV reduced (p<0.05)
leukocytosis (8.57+0.75) (Figure 4A) and neutrophilia (3.10+0.53) (Figure 4B) when
compared to all groups,showing no difference fromBaseline.No alteration was seen on

mononuclear cell count in any experimental group (Figure 4C).
Serum dosage of Transaminase and Total Alkaline Phosphatase (TALP)

For AST and ALT there was no statistical difference in the any experimental group
when compared to Baseline. However, a significant decrease in TALPserum levels was
observed in the animals from PD and in GIOP groups, when compared to Baseline data.
The animals from group GIOP+PD showed an even greater reduction of TALP serum
levels when compared to Baseline (p<0.05). The treatment with ATV showed a
significant increase on TALP serum levels when compared to GIOP+PD group (Table
2).

Bone-specific AlkalinePhosphatase (BALP)

Periodontal disease and GIOP caused a significant decrease in BALPserum levels when
compared to baseline data. The animals from group GIOP+PD showed greater reduction
of BALP serum levels when compared to baseline and PD group (p<0.05). The
treatment with ATV showed a significant increase on BALP serum levels when

compared to GIOPorGIOP+PD groups (Table 2).
DISCUSSION

In this study, we intended to evaluate the effect of ATV in animals subjected to GIOP
and PD, and from the best of our knowledge, this is the first time that this effect was
demonstrated. Periodontitis is an important inflammatory disease that causes alveolar
bone resorption.“’lz’13 Inflammatory periodontal diseases also exhibit an association
with multiple systemic conditions such as diabetes, cardiovascular disease, respiratory
diseases, rheumatoid arthritis, certain cancers, erectile dysfunction, kidney disease,

dementia and specially osteoporosis.'’

Osteoporosis is characterized by low bone mineral density (BMD) and loss of
the structural and biomechanical properties that are required to maintain bone

homeostasis. It can be associated with aging, postmenopausal status, and have
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secondary causes, including chronic illnesses, lifestyle issues or medications.
Glucocorticoids (GCs) are most commonly associated with drug-induced
osteoporosis. *TheGIOPmodeladopted in thisstudy caused important bone loss as seen
on radiographic density analysis of femurs. In this way considering that the goal for
osteoporosis therapy is the inhibiting bone resorption and/or stimulating bone formation
several pharmacological agents have been pointed out and Atorvastatin (ATV), is one of
them."’ ATV has been widely used in order totreat the dyslipidemias, but it has also
showed pleiotropic effects including antiinflammatory, immunomodulatory, antioxidant
properties, as well as angiogenesis promotion and increase of osteoblastic
differentiation, inducing bone formation*which might be interesting for osteoporosis

treatment.

It was observed that GIOP+PDcaused intense alveolar bone loss, evaluated by
macroscopic and radiographic analysis, inflammation, as observed by increase on TNF-
a and IL-1B gingival levels and on leukocytosis marked by neutrophilia, as well as
alteration on bone metabolism due to reduction of TALP and BALP. The treatment with

ATV reversed all findings of bone resorption and inflammation observed.

It has been reported that GCs have both direct and indirecteffects affecting bone
metabolism. GIOP occurs in two phases, a rapid phase of bone loss mediatedthrough
osteoclastic bone resorption and a later phase of bone loss caused bydecreased bone
formation.”' Considering the osteoclast bone resorption, GCs have been reported to
increase the expression of RANKL and decreaseOPG expression in osteoblasts and
stromal cells.”> GCs also increase theexpression of interleukin-6, which stimulates
osteoclastogenesis,”and it can also decrease the apoptosis of osteoclasts.”* These
changesresult in an initial increase in the number of osteoclasts capable of resorbing
bone. PD can even amplify bone loss increasing the production of reactive oxygen
species (ROS) which upregulateRANKL expression”’leading to osteoclastogenesis and
intense bone resorption.26Therefore these finding can explain the greater bone loss on
GIOP+PD group. On the other hand, the treatment with ATV significantly lowered
bone loss. The antiresorptive effect of ATV may be related to its antioxidative’s effect.
It has been reported that ATV can increase GSH and SOD levels, as well as reduction of
lipid peroxidation and malondialdehyde,?” which converge to reduction of ROS.* ATV

can also reduce serum IL-6 levels,”’downregulate RANKL and increase OPG levels.”’
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The bone metabolism it was also evaluated by the serum levels of TALP and
BALP.TALP, as an enzyme associated with the plasma membrane of cells, such as
osteoblasts. Beyond bone tissue, alkaline phosphatase is also found in the liver, intestine
and placenta.**’BALP represents <40 % of serum TALP, it is produced only by activated
osteoblast and has stood out as an excellent and specific indicator of global bone
formation activity.”' In this study GIOP+PD caused a decrease on BALP serum levels.
GCs are known to decrease bone formation, by decreasing the formation of osteoblasts
and by increasing osteoblast apoptosis.’”> GCs can also shift the differentiation of
pluripotent stromal cells away from osteoblasts toward the adipocyte lineage by
induction of peroxisome proliferator activated receptor y (PPARY).”>GCs also suppress
canonical Wnt/B-catenin signaling, a key regulator of osteoblastogenesis.3 * The bone
morphogenetic protein (BMP) pathway, involved in stimulating osteoblast
differentiation and bone formation, is also suppressed by GCs. Reduction of BALP
serum levels in PD has been already reported.'>" However, ATV prevented the
reduction on these serum bone markers.Mundy et al,’showed that statins possess
anabolic action due to enhanced BMP-2 expression. One hypothesis for this anabolic
effect is that,by inhibiting the mevalonate pathway and preventing the prenylation and
function of small GTPase, BMP-2 expression may be stimulated, causing increased
osteoblast expression and differentiation and subsequent enhancement of bone
formation.*® Statins can also inhibit adipogenesis and enhance osteoblast differentiation
by inducing BMP-2 expression.”’ WNT canonical pathway might be another interesting
way to explain the anabolic effect of ATV on bone tissue, since it has been related that

ATV decreased DKKI levels, an antagonist of WNT/B-catenin signaling.3 8.39

Considering the inflammatory process, the animals subjected to
GIOP+PDshowed a significant neutrophilia. GCs have been reported to increase the
expression of GM-CSF, ICAM-1, VCAM, P selectin??which influences on the raise of
leukocyte on peripheral blood.*’PD can contribute to inflammation, also causing
neutrophilia.'*"® Neutrophils have been considered the first line of defense against
infectious agents. Neutrophils can destroy periodontal pathogens by both oxygen-
dependent (the “respiratory or oxidative burst and oxygen-independent (lytic and
proteolytic enzymes) mechanisms.*' The respiratory burst is an important pathway for
microbial killing and involves the generation of ROS inside phagossome. However,

they may be released into the extracellular microenvironment increasing the oxidative
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stress, that in close proximity to alveolar bone can activate forkhead box O3 and Wnt
signaling pathways, triggeringRANKL-mediated bone resorption.42 In this study ATV
reversed neutrophilia, as in accordance to previousstudy,“due to ICAM-1, VCAM, P-

selectin inhibition.

GIOP+PD alsoincreasedgingival TNF-a and IL-1B levels. GCs have been
reported to inhibit gonadotropin secretion, leading to hypogonadism, which in turn
enhances secretion of cytokines such as IL-6, TNF-a.**High levels of TNF-o and IL-
1Bare frequently seen in periodontal sites. During periodontal inflammation
neutrophils, among other cells, produce large amount of TNF-o and IL-1p that can
stimulate bone resorption.**ATV, in turn, reduced gingival TNF-a and IL-1p levels, as

seen previously.27This anti-inflammatory effect may contribute to the bone protection.

Transaminases (AST and ALT) are considered markers of liver injury. It has
been reported that serum liver enzymes may increase during statin therapy specially the
hydrophilic ones,"” nevertheless ATV is a lipophilic statin, which in fact was confirmed
by our findings since no significant change was seen on AST and ALT serum levels.
However, on this study ATV was administered for a short period of time (11 days),
while most treatment regimens, in humans, described in literature used ATV for longer

periods.* Clinical trials may consider frequent evaluation of liver function.

CONCLUSIONS

In summary, considering our findings,we can suggest that ATV can be potential agent
for preventing bone resorption in periodontitis associated with glucocorticoid-induced
osteoporosis. Even though the used dose of ATV is not equivalent to the one
recommended to control cholesterol levels in humans, this study can be important on
providing information on the anti-resorptive, anabolic bone and anti-inflammatory
effect of ATV which may be an interesting pharmacological tool to the treatment of

periodontitis associated to glucocorticoid-induced osteoporosis.
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animals per group. C) Effect of ATV on radiographic density of femur of in rats with
PD, GIOP and GIOP+PD. Bars represent the mean+SEM of 6 animals per group.
*Signiﬁcant difference (p<0.05) compared to Normal. #Signiﬁcant difference (p<0.05)
compared to PDgroup. §Signiﬁcant difference (p<0.05) compared to GIOPgroup.
&Signiﬁcant difference (p<0.05) compared to GIOP+PDgroup. (ANOVA followed by

Bonferroni Test).

Figure 3.

Macroscopic and radiographic images of hemimaxillae and femur of animals. A, B and
C) shows hemimaxillae and femur of animals from group Normal. D, E and F) shows
hemimaxillae and femur from animals from PDgroup. G, H and I) shows hemimaxillae
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and femur from animals from GIOPgroup. J, K and L) shows hemimaxillae and femur
from animals from GIOP+PDgroup. M, N and O) shows hemimaxillae and femur from

animals from ATVgroup.

Figure 4.
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*Significant difference (p<0.05) compared to PDgroup. *Significant difference (p<0.05)
compared to GIOPgroup. “Significant difference (p<0.05) compared to

GIOP+PDgroup. (ANOVA followed by Bonferroni Test; T-Student Test).

TABLES

Table 1.Effect of ATV on Gingival levels of TNF-a and IL-1p of rats subjected to PD,
GIOP orGIOP+PD.

Groups

Normal PD GIOP GIOP+PD ATV
TNF-o (pg/ml) 2.77+0.17 4.77£0.25°  3.27+0.35 4.61+0.53" 2.53+0.09™¢
IL-1B (pg/ml)  4.50+0.17 6.26£0.43°  4.07+0.38 63320317  3.96+0.24™%

Data are reported as mean=SEM of 6 animals per group
"Significant difference (p<0.05) compared to Normal.
*Significant difference (p<0.05) compared to PDgroup.
SSignificant difference (p<0.05) compared to GIOPgroup.
&Significant difference (p<0.05) compared to GIOP+PDgroup.

(ANOVA followed by Bonferroni Test).
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Table 2.Effect of ATV on serum levels of Transaminases (AST/ALT) Total alkaline
phosphatase (TALP) and bone-specific alkaline phosphatase (BALP)of rats subjected to

PD, GIOP or GIOP+PD.

Groups

Baseline PD GIOP GIOP+PD ATV
AST (U/L) 44.57+1.59 44.07+1.68 40.84+1.59 42.70+£2.73 42.11£2.81
ALT (U/L) 24.29+1.78 23.70£2.56 23.49+1,75 21.1542.47 21.36+3.16
TALP (U/L) 76.47+3.26 56.88+2.70%  49.68+£5.72*  29.10+3.55%* 57.554+2.98%%
BALP (U/L) 29.52+0.93 21.64+0.78*%  17.39+0.81*  13.25+0.66*" 25.56+1.73%%

Data are reported as mean+SEM of 6 animals per group

"Significant difference (p<0.05) compared to Baseline.

*Significant difference (p<0.05) compared to PDgroup.

YSignificant difference (p<0.05) compared to GIOPgroup.

&Significant difference (p<0.05) compared to GIOP+PDgroup.

(ANOVA followed by Bonferroni Test; T-Student Test).
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5. DISCUSSAO GERAL

A doenca periodontal corresponde a segunda maior patologia bucal
que mais afeta a populacdo humana no mundo (PETERSEN & OGAWA, 2005).
Por esta razao, um melhor entendimento sobre sua etiologia, patogénese,
diagnostico e tratamento faz-se necessario a mudancga deste quadro
epidemioldgico, especialmente porque estudos recentes vém demonstrando
uma mudanga interessante de paradigma dentro da periodontologia
(PRESHAW et al., 2004). Durante muito tempo, o biofilme bacteriano foi
entendido como o fator etioldgico primario para a destruicao periodontal.
Entretanto, quando de forma isolada, a presenca deste agente tem se
mostrado insuficiente para explicar a progressao e severidade da periodontite
(SALVI & LANG, 2005). Assim, o papel do hospedeiro na etiologia das doencas
periodontais ganha destaque, pois 0 maior componente responsavel pela
destruigdo tecidual periodontal resulta da ativagao da resposta
imunoinflamatéria do hospedeiro, como conseqiiéncia ao desafio microbiano
(MADIANOS et al., 2005).

De fato, bactérias periodontopatogénicas estimulam células que
induzem os tecidos periodontais a expressar varios mediadores inflamatorios
tais como interleucinas (IL)-6 (RADVAR et al., 2008) e IL-1, fator de necrose
tumoral (TNF) (ASSUMA et al., 1998), 6xido nitrico (NO) (DI PAOLA et al.,
2004), ou o ligante de receptor ativador do fator nuclear (RANKL).
Subseqiientemente, estes mediadores podem ativar a produgéo de
metaloproteinases de matriz (ACHONG et al., 2003) e prostaglandinas
(ALPAGOT et al., 2007), além de induzir o recrutamento de células
inflamatoérias, como neutrofilos, monocitos, linfocitos (SALVI & LANG, 2005), e
a diferenciacdo de osteoclastos, resultando em destruigao irreversivel de tecido
conjuntivo e reabsor¢do o0ssea alveolar (HONDA et al., 2006).

Varias sdo as maneiras de se estudar a periodontite. Porém, o longo

curso da doenga e os principios éticos envolvidos fazem dos modelos animais
meios interessantes para o entendimento da patogénese e a determinagao de
novas estratégias terapéuticas para essa doenca (WEINBERG & BRAL, 1999).
Manipulacdo da dieta (ROBINSON etz al., 1991), o uso de ligadura em molares
(SALLAY et al., 1982) ou inoculagdo de bactérias periodontopatogénicas
(JORDAN et al., 1972; FIEHN et al., 1992) estdo entre os principais modelos
utilizados que, por sua vez, tém sido realizados em macacos, ratos, cachorros

e hamsters. O modelo de periodontite induzido por ligadura em ratos tem se
sobressaido principalmente pela facilidade na técnica de indugdo da doenga,
acessibilidade e custos reduzidos para sua realiza¢do. Contudo, a mais
importante vantagem deste modelo baseia-se na grande similaridade dos
tecidos periodontais entre humanos e ratos (WEINBERG & BRAL, 1999).

Atualmente temos utilizado o modelo de periodontite desenvolvido por LIMA et
al. (2000; 2004), acrescido de algumas modificagdes, tais como modificagcdo no
método de obtengao da area de reabsor¢ao
Nesse estudo, a periodontite, induzida pela colocagdo de um fio de
nailon (000), em torno dos segundos molares superiores esquerdos dos ratos,
causou intensa destruicao ossea alveolar, ao final dos 11 dias, avaliada através
de estudo macroscopico. Tais achados foram confirmados pela analise
histopatologica, onde se observou que 11 dias de ligadura causou reabsor¢ao
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completa do processo alveolar, intenso infiltrado inflamatoério e dano no
cemento radicular. Ainda corroborando com os achados prévios desse estudo,
a analise radiografica mostrou uma redugao significante da densidade
radiografica na regido da ligadura.

Estes resultados estdo de acordo com aqueles publicados por outros
autores, os quais demonstram que, através de estudo morfométrico, ratos
submetidos a periodontite de forma semelhante apresentaram reabsor¢ao
oOssea alveolar significante (LIMA et al.,2000, 2004; CAVAGNI et al., 2005;
NAPIMOGA et al., 2008). A analise histologica, também foi visto que a
periodontite induz intensa reabsor¢ao dssea, com presenca marcante de
infiltrado inflamatoério (JIN et al., 2007; BEZERRA et al., 2008; CAl et al., 2008),
e, no estudo radiografico, tal dano 6sseo decorrente da indugao da periodontite
foi caracterizado pela perda de densidade radiografica (CESAR-NETO et al.,
2005; HWANG et al., 2008).

A homeostase dssea relaciona-se estreitamente com 0 processo
inflamatorio. Linfocitos e macrofagos, mantidos pela inflamagéo, produzem
citocinas, tais como TNF e IL-1, dentre outras, que recrutam e ativam células
inflamatorias adicionais (XING et al., 2005). A superexpressao destes
mediadores, por sua vez, acaba por desempenhar papel importante na
patogénese da periodontite, ativando o sistema RANK/RANKL e inibindo OPG,
0 que promove intensa osteoclastogénese e reabsor¢do dssea (XING et al.,
2005). Além desses, muitos outros fatores ativadores de osteoclastos t€m sido
identificados como participantes do processo de reabsor¢ao, tais como: fator
transformador de crescimento (TGF)-[1, fator estimulador de colonia de
macrofagos (M-CSF), fator de crescimento de hepatocitos (HGF),
metaloproteinases de matriz (MMPs) e proteina inflamatéria de macrofagos
(MIP)-1111(TAKAYANAGI, 2005 )

Com relacdo aos achados hematologicos, nossos resultados
mostraram que a periodontite alterou a contagem total e diferencial dos
leucocitos no sangue periférico dos animais. A leucocitose observada foi
marcada por neutrofilia, na 6* hora e posteriormente por linfomonocitose nos 7°
e 11° dias. Essas observacdes estdo de acordo com alguns autores que ja
demonstraram ocorrer leucocitose na presenga de periodontite induzida em
ratos (SAMEJIMA et al., 1990; LIMA et al., 2000; BEZERRA et al., 2000).
Quanto a variagdo de massa corporea, verificou-se que os animais
submetidos a periodontite apresentaram perda de massa corporea nos dois
primeiros dias apos colocacdo da ligadura, provavelmente devido ao trauma
durante a instalacdo do fio, pois o estabelecimento e progressdo da perda
Ossea alveolar em ratos no sofre influéncia da massa corporea (SIMCH et al.,
2008). Posteriormente, apesar do ganho de massa corpodrea, estes ratos ndo
conseguiram acompanhar a curva de perda de peso de animais normais,
corroborando achados de outros estudos (LIMA et al., 2000; 2004).

Uma vez verificados os efeitos locais da ligadura dos molares dos
animais, seguiram-se as avaliagdes no intuito de se verificar possiveis
repercussoes sistémicas. Assim, os animais submetidos a periodontite foram
também avaliados quanto a possiveis alteracdes hepaticas e renais. Neste
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estudo observou-se que esta doenga ndo induz lesdes nesses 6rgaos, uma vez
que as respectivas enzimas séricas apresentaram poucas variagdes entre os
dias 0 e 11. Tais achados foram corroborados pelas analises histologicas
realizadas. Contudo, apesar da protecao observada, os niveis de fosfatase
alcalina total (FAT), considerados um forte indicador de doencas hepaticas,
mostraram variagdes importantes, provavelmente porque alteracdes de suas
concentracdes plasmaticas podem refletir outros problemas de origens diversas
(FERNANDEZ & KIDNEY, 2007), como por exemplo, patologias 6sseas
(GIANINNI, et al., 2005).

Assim, para confirmar os achados prévios sobre nivel sérico de FAT,
buscou-se avaliar o comportamento da isoenzima 6ssea da fosfatase alcalina
(FAO). De fato, animais submetidos a 11 dias de periodontite mostraram uma
variagdo dos niveis de FAO bastante importante, indicando uma redugdo da
concentragao sérica esta isoenzima, 11 dias ap6s o estimulo inflamatério, o
que foi corroborado por outros estudos (KELES et al., 2005; SHOJI et al.,
20006).

Dado o proeminente papel do processo inflamatorio na patogénese
da periodontite, o presente trabalho buscou utilizar uma ferramenta
farmacologica que permita a modulacdo de mediadores, e conseqiientemente a
resposta do hospedeiro, sobressaindo-se como uma nova abordagem de
tratamento (BUDUNELI ez al., 2007; PRESHAW et al., 2004). Assim, a

Atorvastatina (ATV), farmaco indicado para o tratamento da hiperlipidemia, mas

que também apresenta efeitos secundarios importantes, foi utilizada
(KRONMANN et al., 2007).

Neste estudo, observou-se que animais, submetidos a 11 dias de
periodontite induzida por ligadura e tratados com ATV diariamente,
apresentaram protecao significante dos tecidos de sustentacdo dentaria.
Macroscopicamente, animais tratados com ATV (1, 3, 9 e 27 mg/kg)
demonstraram reducao da destrui¢ao dssea de 35%, 39%, 53% e 56%,
respectivamente. A analise histologica confirmou os achados macroscopicos,
uma vez que animais com periodontite, tratados com ATV (27 mg/kg),
apresentaram preservagdo do processo alveolar e cemento, associado ao
discreto infiltrado inflamatorio. Ainda, corroborando os achados prévios deste
estudo, as densidades radiograficas da regido de segundo molares de animais
submetidos a periodontite e tratados com ATV (1, 3, 9 mg/kg) mostraram-se
preservadas em 5%, 9% e 20%, respectivamente, sendo apenas a maior dose
estatisticamente significante.
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Nossos resultados, em consonancia aos publicados na literatura,

podem ser explicados pelo efeito anabolico dsseo exercido pela ATV. Este
farmaco promove aumento na producdo de osteoprotegerina (OPG) (VIERECK
et al., 2005), e na transcricao dos genes de fator de crescimento endotelial
vascular (VEGF) e Cbfal (KAJINAMI et al., 2003), presentes em células
osteoblasticas (MAEDA et al., 2003). Essas células, por sua vez, sdo
responsaveis pela diferenciagdo e mineralizacdo do tecido 6sseo (MAEDA et
al., 2003), induzindo assim o aumento da densidade dssea, vista em animais
(KAWANE et al., 2004) ou em humanos (PEREZ-CASTRILLON et al., 2008)
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apos o uso de ATV. Desta forma, destaca-se o papel estabilizador da ATV em
0SSO0.

Efeito adicional pleiotropico da Atorvastatina, também relacionado a

processos reabsortivos, consiste em sua atividade antiinflamatoria. Estudos
mostram que a ATV inibe a expressdo de marcadores de estresse oxidativo,
causadores de destruicao tecidual, como isoprostanos, 6xido nitrico sintetase
induzida (NOSIi) e peroxinitritos (NAWAWTI et al., 2003; MATTHEWS et al.,
2007; CANGEMI et al., 2007; LEE et al., 2007; HEEBA et al., 2007). Em adicao,
diversos marcadores pro-inflamatorios, tais como: ICAM, IL-6 (NAWAWI et al.,
2003); IL-1 (WAEHRE et al., 2004); TNF, proteina C-reativa (ARNAUD et al.,
2005; MOZAFFARIAN et al., 2005); NF-[B, bem como RNAm de proteina
quimioatraente para monécitos (MCP-1) (ORTEGO et al., 1999; TANIMOTO et
al., 2007) e proteinas inflamatorias de macrografos (MIP-101100e MIP-117), IL-8 e
seus receptores (CCR1 e CCR2), TNF-[1e IL-10[1(RIAD et al., 2007) sofrem
reducdo da sua expressao apos o uso de ATV. Assim, esses achados sugerem
que a ATV possui um importante papel na modulagdo da resposta inflamatoria,

o que pode explicar os resultados do estudo hematologico, uma vez que os
animais submetidos a periodontite e tratados com ATV tiveram revertidos os
picos de leucocitose, vistos nos animais do grupo Salina. Portanto, a ATV foi
capaz, de certa forma, de modular a resposta inflamatoria.

Analisando a variagdo de massa corporea dos animais submetidos a

periodontite e tratados com ATV, foi possivel observar que o tratamento
farmacologico reverteu a perda de peso inicial apos a ligadura, vista no grupo
Salina, mas ndo foi capaz recuperar a massa corporea perdida durante o
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experimento, o que pode ser explicado pelo fato de que a terapia com estatinas
ndo interfere, de forma significante, no indice de massa corporea
(GEORGESCU & GEORGESCU, 2007).

Considerando que a utilidade clinica de um farmaco baseia-se, além

de sua eficacia, também na seguranca, buscou-se avaliar o tratamento com

ATV em relacdo a possiveis danos hepaticos ou renais. Foi observado que a
ATV nao provocou alteragdes importantes nestes 6rgaos, quando analisada
através de dosagens bioquimicas séricas, com excecao dos niveis de

creatinina. No entanto, analises histoldgicas confirmaram o perfil de seguranca
da ATV utilizada nesse estudo.

Este foi um achado interessante, pois a elevagdo na concentragao

sérica de transaminases muito se associa ao uso de estatinas, principalmente

as hidrofilicas (DALE et al., 2007), porém, a ATV ¢ uma estatina lipofilica, o que
provavelmente explica os achados obtidos em relagdo as transaminases
(STOLLEY & ITO, 1999). Dosagens séricas de fosfatase alcalina total (FAT)
também foram realizadas, com intuito de corroborar os resultados sobre
integridade hepatica, uma vez que uma injuria induzida por farmacos, neste
orgdo, em geral apresenta um padrdo de colestatico, caracterizada por

aumento desta enzima (GIANNINI, ez al., 2005). Entretanto, foi observado que
os animais tratados com ATV mantiveram os niveis de FAT, confirmando a
seguranga da ATV (KIYICI et al., 2003; STOJAKOVIC et al., 2007).

Em relacao a atividade renal, embora alguns ensaios tenham

demonstrado que a terapia com estatinas nao induz disfuncao tubular
(PAULSEN et al., 2008) ou altera filtracdo glomerular mesmo em altas doses
(EPSTEIN et al., 2007), nosso achados sugeriram uma alteragao significante
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induzida pela ATV apenas nos niveis séricos de creatinina. Contudo, apesar de

a creatinina refletir filtragdo renal (WU & PARIKH, 2008), esta ndo esta
linearmente relacionada a taxa de filtragdo glomerular, sendo freqiientemente
associada a vieses (SOLOMON & SEGAL, 2008) e considerada, portanto,

como um biomarcador de baixa especificidade (VAIDYA et al., 2008). Assim, as
analises histologicas dos rins foram preponderantes para a determinagdo de

que a ATV nao induziu lesao renal.

Analisando as variagoes dos niveis de FAO dos animais submetidos
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a periodontite e tratados com ATV, observou-se que esta isoenzima pouco
mostrou alteracdo em suas concentracoes entre os dias 0 e 11, indicando
manuten¢do dos niveis de FAO, mesmo apo6s o estabelecimento da lesdao
periodontal. A FAO ¢ considerada um marcador bioquimico de formagao 6ssea
(KELES et al., 2005), e o aumento na sua expressao (KAJINAMI et al., 2003;
MAIJIMA et al., 2007), bem como de outros relacionados a formagao dssea, tais
como a osteocalcina e o gene da proteina morfogénica 6ssea-2 (BMP-2)
(KAJINAMI et al., 2003; RUIZ-GASPA et al., 2007) também foi observado apds
o uso de ATV, confirmando, assim, nossos achados.
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6. CONCLUSOES GERAIS

Em suma, os resultados deste estudo mostraram que a ATV
promoveu protecao dos tecidos periodontais, avaliada através de analise
macroscopica, histologica e radiografica. Além disso, o tratamento com ATV
mostrou-se seguro, pois reverteu a leucocitose, ndo causou alteracdes
significantes em figado e rins, manteve os niveis de FAO e ndo afetou,
significativamente, a massa corporal, quando comparada a animais controle.

Portanto, sugere-se que a ATV pode ser uma importante ferramenta

farmacoldgica a ser ensaiada clinicamente como adjuvante a terapia
periodontal.
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