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RESUMO

Periodontite € a doenga multifatorial que envolvem interagdes entre algumas
espéecies bacterianas, como Porphyromonas gingivalis W83 e células do
hospedeiro. Levando a uma resposta imuno-inflamatéria que causa a destruicao
do tecido 6sseo e gengival Neste contexto, farmacos com a habilidade de modular
este processo imuno-inflamatério podem auxiliar no tratamento da doenga
periodontal (DP). A doxiciclina em dose subantimicrobiana (DDS), apresenta
propriedades anti-inflamatdrias pela sua atuagdo em algumas vias da inflamacéo.
No entanto, ainda é discutido o efeito desta terapia dobre a susceptibilidade
bacteriana por longo tempo. Assim, o objetivo deste trabalho foi analisar os efeitos
da DDS como um modulador da resposta imuno-inflamatéria do hospedeiro na DP
induzidas em ratos e avaliar a susceptibilidade da P. gingivalis cultivadas com
DDS por longo tempo. A DP foi induzida em ratos Wistar machos (SPF)
submetidos a colocagao de ligadura em torno dos primeiros molares inferiores
foram randomizados e divididos em 3 grupos experimentais (n=10
animais/grupo/experimento): 1) grupo controle: ratos sem ligadura e sem
tratamento; 2) grupo ligadura: ratos com ligadura e tratados com solugao NaCl 0,9
%) e 3) grupo ligadura + DDS: ratos com ligadura e tratados com a DDS (5
mg/kg/dia). No tecido gengival, extraidos de animais tratados por 3 dias, foram
avaliadas as expressdes génicas de TNF-a, IL-1B, IL-17 e PAR; através de RT-
PCR. As mandibulas dos ratos tratados por 15 dias foram usadas para
mensuragao da reabsorcao 6ssea alveolar (coradas com Hematoxilina e Eosina) e
da quantidade de fibras colagenas (coradas com Picrosirius- Vermelho). Para a
analise microbioldgica, a P. gingivalis (ATCC BAA-308) foi cultivada por 3 meses
(45 geragdes) em meio de cultura contendo 0,4 ug/mL de DDS e avaliada por
meio de concentragao inibitéria minima (CIM) para Amoxiciclina, Doxiciclina e
Metronidazol. A DDS inibiu significativamente os niveis de RNAm do tecido
gengival para os IL-1B, IL-17, TNF-a e PAR; (P<0,05, ANOVA, teste Tukey). Além

disso, a DDS reduziu a perda 6ssea quando comparada ao grupo ligadura (P<0,05



ANOVA, teste Tukey) e manteve a porcentagem de fibras colagenas com niveis
similares ao grupo controle (P>0,05). Na analise da susceptibilidade de P.
gingivalis a DDS nao apresentou resisténcia multi-antibiética para esta cepa,
entretanto, houve uma alteragdo nos valores de CIM para todos antibiéticos
testados com a P. gingivalis crescida ao longo do tempo. Em conjunto, os dados
demonstram que a DDS diminuiu a resposta inflamatéria, a reabsorcédo éssea e a
degradacéao de colageno no modelo utilizado de DP, indicando sua atividade como
moduladora da resposta do hospedeiro na DP. A alteragdo microbiana com o uso
continuo e de longo periodo de DDS modificou a sensibilidade da P. gingivalis,

entretanto ndo desenvolveu resisténcia antibidtica a doxiciclina.

Palavras-chave: doenga periodontal, doxiciclina em dose subantimicrobiana,
inflamacao, modulacédo da resposta do hospedeiro, reabsor¢cao 6ssea, colageno,

Porphyromonas gingivalis, resisténcia bacteriana.
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ABSTRACT

Periodontitis is a multifactorial disease involving interactions between some
bacterial species, as Porphyromonas gingivalis W83, and host cells. Leading to an
immune-inflammatory response that causes the destruction of bone and gingival.
In this context, drugs with the ability to modulate immuno-inflammatory process
that may aid in the treatment of periodontal disease (PD). Doxycycline dose
subantimicrobiana (DDS) has anti-inflammatory properties because of its role in
some pathways of inflammation. However, it is still discussed the effect of this
therapy fold the bacterial susceptibility for a long time. The objective of this study
was to analyze the effects of DDS as a modulator of the immune-inflammatory
response in the host DP induced in rats and to evaluate the susceptibility of P.
gingivalis grown with DDS for a long time. The DP was induced in male Wistar rats
(SPF) submitted of ligature around the first molars and divided into three
experimental groups (n = 10 animals/group/experiment): 1) control group: rats
without ligature and without treatment; 2) ligature group: rats with ligature and
treated with 0.9% NaCl solution and 3) ligature + SDD group: rats with ligature and
treated with SDD (5 mg/kg/day). In gingival tissue, extracted from animals treated
for 3 days, we assessed the gene expression of TNF-qa, IL-1p3, IL-17 and PAR2 by
RT-PCR. The jaws of rats treated for 15 days were used for measurement of
alveolar bone resorption (stained with Hematoxylin and Eosin) and collagen fibers
(stained with Picrosirius-Red). For microbiological analysis, P. gingivalis was grown
for 3 months (45 generations) in culture medium containing 0.4 ug/mL of SDD and
evaluated by minimum inhibitory concentration (MIC). SDD significantly inhibited
mRNA levels of the gingival tissue for IL-1B, IL-17, TNF-a and PAR; (p<0.05,
ANOVA, Tukey test). In addition, SDD has reduced bone loss when compared to
the ligature group (p<0.05 ANOVA, Tukey test) and also maintained the
percentage of collagen fibers at levels similar to the control group (p> 0.05). In the

analysis of susceptibility to P. gingivalis SDD showed no multi-antibiotic resistance

Xii



for this strain, however, there was a change in the MIC values for all antibiotics
tested with P. gingivalis growth to long-time. Together, these data demonstrate that
SDD reduced the inflammatory response, bone resorption and collagen
degradation in PD, indicating its activity as a modulator of the host response in PD.
Furthermore, SDD affected the sensitivity of P. gingivalis, however not developing

antibiotic resistance with 3 months therapy.

Keywords: Periodontal Disease, Subantimicrobial Dose of Doxycycline,
Inflammation, Modulation of Host Response, Bone Reabsorption, Collagen,

Porphyromonas Gingivalis, Bacterial Resistance.
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1- INTRODUGCAO

A doenca periodontal (DP) caracteriza-se como um processo inflamatério
cronico, causada por infecgao microbiana biofilme dependente que acomete os
tecidos periodontais, levando a perda progressiva de insercdo, com reabsorgao
O0ssea e migracao apical do epitélio juncional (Dumitrescu et al., 2004). Esta
patologia se constitui como uma das principais causas de perda do elemento
dentario, além de representar um fator modificador da saude sistémica dos
pacientes (Garlet et al., 2005).

Desde o classico trabalho de Ldée et al.(1965) intitulado “Gengivite
experimental em humanos”, o biofilme bacteriano foi relacionado como o fator
etiolégico primario da DP (Loée et al., 1965). Atualmente, ja foram isoladas e
identificadas mais de 500 espécies, entretanto poucas destas estdo associadas
com a DP sendo que a bactéria Porphyromonas gingivalis é reconhecidamente o
patdégeno de maior importancia no desenvolvimento da DP (Cortelli et al., 2008).

A colonizacdo por P. gingivalis, uma bactéria gram-negativa anaerdbia,
resulta em lesao tecidual, através da produgcdo de uma variedade de fatores de
viruléncia, tais como os lipopolissacarideos (LPS) e as proteases (hemaglutinina,
gingipainas) (Goulbourne & Ellen, 1991). O LPS é responsavel pelo recrutamento
de células inflamatérias como neutrdfilos, linfécitos e macrafégos, bem como pela
liberacao de citocinas pro-inflamatérias como interleucina 1 (IL-18), interleucina 17
(IL-17) e fatores de necrose tumoral (TNF-a) (Beklen et al., 2007; Emingil et al.,
2011).

Interleucina-1 (IL-1) e fator de necrose tumoral (TNF-a) sao citocinas pro-
inflamatodrias e pluripotentes, que desempenham um importante papel na DP cuja
relagcado apresenta-se bem consolidada na literatura em modelos in situ, in vitro e in
vivo com animais e humanos (lde et al., 2003; Kinane et al., 2011; Bostanci et al.,
2011). A presencga destas citocinas no tecido gengival leva ao recrutamento e
ativacao dos leucocitos, aumenta a permeabilidade vascular, induz a liberagao de

outras interleucinas (IL-6 e IL-8), aumenta a producédo de proteinases de matriz



(MMPs), bem como, tem a capacidade de ativar osteoclastos que induzem a
reabsorcao 6ssea (Kotake et al., 1999).

Nas ultimas décadas, foi descoberto que a interleucina-17 (IL-17) apresenta
efeito sinérgico potencializador associado as IL-1B e TNF-a (Chen et al., 1992;
Takahashi et al.,, 2005; Vernal et al., 2005). Além disso, alguns autores tem
relatado que a IL-17 também esta relacionada ao aumento da producédo das
MMPs e na inducdo do ligante do receptor ativador do fator nuclear kappa B
(RANKL), o principal fator estimulante para a diferenciacdo e ativacdo dos
osteoclastos, levando assim aos sinais classicos da DP (Kotake et al., 1999;
Beklen et al., 2007).

Nas ultimas décadas, a descoberta de um “novo” fator de viruléncia da P.
gingivalis, as gingipainas, tem mostrado que essa enzima podem agir diretamente
sobre as células imunolégicas com a produgao de citocinas responsaveis pela
destruicao tecidual observada na DP (Nakayama, 2003; Grenier et al., 2011). Além
disso, foi demonstrado que gingipainas também podem ativar as proteases
ativadoras de receptor 2 (PAR;) (Belibasakis et al., 2010), que € um receptor de
proteina G acoplado a uma variedade de tipos de células como: células epiteliais,
endoteliais, fibroblastos, osteoblastos, neutrdfilos, midcitos, neurbnios e astrocitos
(Abraham et al. 2000; Lourbakos et al., 2001; Miike et al., 2001; Uehara et al.
2003; Ossovskaya & Bunnett 2004), bem como, esta relacionada a diversas
doengas imune-inflamatéria (Howells et al., 1997; Lourbakos et al., 2001, Miike et
al., 2001). Além disso, estudos tém demonstrado que PAR; pode ativar a
producao de citocinas pro-inflamatdrias, incluindo TNF-a e diversos subtipos de
interleucinas como IL-1pB, IL-6 e IL-8 (Lourbakos et al., 2001; Uehara et al., 2003).
PAR;, também esta relacionada ao relaxamento dos vasos sanguineos, aumento
da permeabilidade vascular, infiltragdo de granuldcitos, adesao leucocitaria, dor e
reabsorcdo 6ssea (Cocks & Moffatt, 2000; Vergnolle et al., 2001; Coughlin &
Camerer, 2003), sinais classicos da reacao inflamatéria periodontal.

Desta forma, além do aspecto microbiano, a periodontia tem tentado

elucidar os exatos mecanismos imunologicos envolvidos na destruicdo o0ssea e



gengival, que ocorre na evolugdo da DP (Taubman et al., 2005). E assim, uma
nova modalidade terapéutica vem sendo introduzida como coadjuvante ao
tratamento mecanico para o controle da progressao da DP. Trata-se de um “novo”
grupo de farmacos denominado de “modulador da resposta do hospedeiro” (MRH),
justamente por controlar a resposta imuno-inflamatéria local (Lee et al., 2004).
Como exemplo, desta abordagem terapéutica tem o uso de farmacos inibidores da
formacgao do acido araquidénico, com o uso de anti-inflamatoérios ndo esterdides
(AINEs) (Seymour & Heasman, 1988; Reddy et al., 2003), e também com drogas
que atuam na inibicao do fator de necrose tumoral (TNF-a) (Delima et al., 2001) e
das metaloproteinases de matriz (MMPs) (Peterson, 2004).

Desde 1973, os AINEs tém sido estudados como uma alternativa no
controle imuno-inflamatério, porém esse grupo de drogas ndo € comumente usado
no tratamento e prevencao da periodontite devido os efeitos colaterais sistémicos,
que podem ser mais graves do que a DP quando prescritos sistemicamente e por
longos periodos (Seymour & Heasman, 1988). Ja o uso de antagonistas ao TNF-a
tem sido investigado por uma reducgao significativa na perda de tecido conjuntivo,
porém esta abordagem € nova e os efeitos sistémicos desta terapia precisam ser
investigados (Delima et al., 2001; Salvi & Lang, 2005).

Neste contexto, farmacos usados principalmente para outros fins
terapéuticos tém demonstrado efeito imuno-inflamatério como é o caso da
fluoxetina, um medicamento usado como antidepressivo, com resultados
promissores na terapia de DP por sua acdo na inibicdo de citocinas pro-
inflamatodrias e também na diminuicdo da perda déssea em modelos animais
(Branco-de-Almeida et al., 2011). No entanto, estudos em humanos séao
necessarios para que possamos considera-lo uma alternativa ao MHR.

Outro farmaco, a doxiciclina (Dox) € um agente antibacteriano pertencente
a classe das tetraciclinas. Recebe um destaque terapéutico pelo seu amplo
espectro de agao e baixo efeito colateral (Roberts, 2003). Além da atividade
antimicrobiana, a Dox apresenta uma importante propriedade na inativagcao das

enzimas MMPs, em doses subs-antimicrobianas (Emingil et al., 2004; 2006).



Golub et al. (1983) mostraram que a Dox em dose sub-antimicrobiana
(DDS), é capaz de inibir colagenases (MMPs) e propb6s que essa propriedade
pode ser util no tratamento da DP. Assim, este farmaco vem sendo usado na
periodontia como um possivel coadjuvante em pacientes em que a terapia
mecanica isolada nao apresentou resultados satisfatérios. Desde 1998, o
Periostat® (doxiciclina, 20mg) é o Unico farmaco aprovado pela Food and Drug
Administration/EUA (FDA) para o tratamento da DP (Lee et al., 2004), sendo o0 uso
prescrito por 2 vezes ao dia, durante um periodo variado de 2 semanas a 12
meses de tratamento (Caton et al., 2000; Emingil et al., .2004; Choi et al., .2004).

Estudos publicados mostraram que além da atividade sobre as MMPs, a
DDS tem atividade inibitéria em varias citocinas pro-inflamatérias como as IL-18 e
TNF-a (Emingil et al., 2011; Kinane et al., 2011), e também a DDS mostrou uma
alta eficacia no processo de inibicdo da diferenciacdo osteoclastica utilizando-se
modelos de estudo in vitro e in vivo (Franco et al., 2011).

Baseado nesse mecanismo de acgédo reconhecido, varios estudos clinicos
em pacientes portadores de diferentes estagios de periodontite, tém demonstrado
que a terapia coadjuvante com dose sub-antimicrobiana da Dox promoveu uma
melhora significativa nos parametros clinicos quando comparada a terapia
mecanica isolada (Gurkan et al., 2008; Novak et al., 2008). Alguns estudos
mostraram uma significativa reducdo da DP com 3 meses de uso diario (Emingil et
al., 2006; Haffajee et al., 2008) e outros estudos mostraram melhorias nos
parametros clinicos com o uso diario por um periodo de 9 meses de uso sistémico
da DDS (Caton et al., 2000; Novak et al., 2002; Preshaw et al., 2004; Walker et al.,
2007).

Em decorréncia dos resultados clinicos satisfatorios obtidos com a Dox,
torna-se plausivel a hipétese de que este farmaco também possa atuar em outras
vias relacionadas com a resposta imuno-inflamatéria na DP. Assim, o presente
estudo contribui com a continuidade ao processo de verificagcdo da existéncia de
propriedades moduladoras da dose sub-antimicrobiana de Dox em outras vias da

resposta imuno-inflamatéria observada na DP.



Apesar do grande numero de relatos na literatura, a investigagcéo sobre esta
terapia no tratamento periodontal € ainda recente e, portanto, outros estudos
também s&o necessarios para estabelecer seu real beneficio clinico e
microbioldgico, principalmente em relagcdo a manuteng¢ao dos resultados obtidos a
longo prazo, para que se possa estabelecer a sua correta indicagéo. Isto se torna
importante quando vemos um aumento do numero de prescricbes nos EUA (mais
de 1,5 milhdes) com o uso diario e prolongado da sub-dose de Dox (Lee et al.,
2004).

Em acréscimo, ha uma importante controvérsia na literatura, pois alguns
estudos mostram que a Dox, nesta sub-dose, ndao apresenta atividade
antimicrobiana e como consequéncia, ndo promove a resisténcia bacteriana,
mesmo com o uso diario e prolongado (Caton et al., 2001; Preshaw et al., 2004;
Walker et al., 2007; Haffajee et al., 2008). Entretanto, outros estudos mostram
uma relativa atividade antimicrobiana e sugerem um possivel desenvolvimento de
resisténcia bacteriana a este farmaco mesmo em dose subantimicrobiana (Feres
et al., 1999a; 1999b).

Com isso, é importante avaliar a influéncia deste farmaco, em sub-dose,
sobre a susceptibilidade da P. gingivalis, a propria dose e a outros
antimicrobianos, uma vez que a P. gingivalis esta diretamente relacionada com a
DP e a sua permanéncia em um foco infeccioso € potencialmente perigosa a
saude do hospedeiro, pois prolonga a resposta imuno-inflamatéria e pode lavar ao
desenvolvimento da DP (Li et al., 2002).



2. PROPOSIGAO

O presente trabalho teve como objetivo geral analisar os efeitos in vivo da
doxiciclina em dose sub-antimicrobiana sobre as principais vias de modulacéo da
resposta imuno-inflamatéria do hospedeiro em modelo de doenca periodontal e
avaliar a susceptibilidade ou a resisténcia bacteriana de P. gingivalis em dose sub-
antimicrobiana de Dox por um periodo de até 3 meses de terapia.

Os objetivos especificos do presente estudo foram:

a) Avaliou-se os niveis de expressdao do RNA mensageiro presente no tecido
gengival de ratos com doencga periodontal induzida por ligadura e tratados
com Dox em dose sub-antimicrobiana por 3 dias, para as seguintes
citocinas : IL-183, IL-17, TNF-a e PARy;

b) Determinou-se a area de reabsorgao alveolar 6ssea e a porcentagem de
degradacéao de fibras colagenas na regiao do primeiro molar dos dentes de
ratos com ligaduras e tratados com Dox, por 15 dias, em sub-dose;

c) Determinou-se as concentragdes inibitérias minimas (CIM) da Amoxiciclina
(Amox), Metronidazol (Met) e Dox em culturas de P. gingivalis W83
previamente exposta a terapia de DDS durante um periodo de 3 meses

continuos (45 geracoes).



3. PREAMBULO DOS CAPITULOS

Esta tese estda baseada na Informagdo CCPG/002/06/UNICAMP, que
regulamenta o formato alternativo para a tese de Doutorado e permite a insergéo
de artigos cientificos de autoria ou co-autoria do candidato (Anexo 1).

Dessa forma, esta tese apresenta um capitulo, composto pelo estudo que

encontra-se em fase de submissao, cujo titulo esta descrito abaixo:

Capitulo 1
Titulo: Subantimicrobial Dose of Doxycycline in Periodontal Disease:

Immunological, Histological and Microbiological Aspects.

Autores: Myrella L. Castro’, Gilson C. N. Franco?, Luciana S. Branco-de-
Almeida', Ana Lia Anbinder®, Sheila C. Cortelli?, Simone Duarte*, Deepak

Saxena®, Pedro L. Rosalen'*

Este estudo esta em processo de submissdo ao European Journal of

Pharmacology (fator de impacto = 2.150).
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ABSTRACT

Background: Specific products of Porphyromonas gingivalis activates the immune-
inflammatory response which releases interleukins (IL)-18 and IL-17, tumor
necrosis factor (TNF)-a, matrix metalloproteinases (MMPs) and protease-activated
receptor-2 (PARy). Subantimicrobial dose doxycycline (SDD) has been used as an

adjunct in periodontal therapy by reducing the immune response. However, it is still



questionable whether possible changes may occur in the susceptibility of P.
gingivalis with its long-term use. In this context, the aim of this investigation was to
evaluate the molecular and histological effects of SDD as a modulator of the host
response (MHR) in the ligature-induced periodontitis in rats. Additionally, in vitro
susceptibility of P. gingivalis in long-term treatment with SDD was analyzed.
Methods: Male Wistar rats were randomly assigned into three groups (n=10
animals/group/experiment): 1) control group: rats without ligature and without
treatment; 2) ligature group: rats with ligature and treated with 0.9% NaCl solution
and 3) ligature + SDD group: rats with ligature and treated with SDD (5 mg/kg/day).
The animals were treated with SDD for 3 days and reverse transcriptase-
polymerase chain reaction (RT-PCR) were performed to analyze the mRNA
expression of interleukin IL-1B, IL-17, TNF-a and PAR; activity, respectively, in
gingival tissue samples. Histological analyses were performed on the furcation
region and mesial of mandibular first molars of rats sacrificed at 15 days after the
ligature-induced PD. For the microbiological analysis, P. gingivalis was cultivated
for 3 months (45 generations) in medium cultures containing 0.4 ug/mL of SDD and
evaluated the antimicrobial susceptibility by minimum inhibitory concentration
(MIC) test. Results: Compared to the ligature group, alveolar bone loss was
reduced in the SDD group (p<0.05), and the amount of collagen fibers in the
gingival tissue was maintained. Moreover, in the gingival tissue sampled 3 days
after ligature attachment, SDD administration reduced IL-17 and PAR, of mRNA
expression (p<0.05). SDD down-regulated IL-1 and TNF-a activity mRNA
expression induced by ligature, compared to the ligature group (p<0.05). These
data suggested that SDD suppresses pro-inflammatory responses induced by
ligature. SDD used long-term did not cause resistance of the P. gingivalis strain,
but caused a change in the antimicrobial values, showing that SDD may interfere
with the bacterial culture. Conclusions: SDD reduced the bone resorption and
collagen destruction, for his role in IL-1B, IL-17, TNF-a and PAR,. The microbial
alteration with continuous use of SDD over a long period changed the P. gingivalis

susceptibility to antibiotics, though it did not develop resistance to doxycycline.



However, despite the positives results immuno-inflammatory over the long term,
antimicrobial studies are needed to consider it a safe modulator of the host

response.

Key-words: Subantimicrobial Dose of Doxycycline, Periodontal Disease, Host
Response Modulation, Inflammation, PAR;, Interleukins-17, Bone Reabsorption,

Collagen Fibers.

INTRODUCTION

Periodontitis (PD) is a chronic inflammatory disease that is results of the
interaction between a complex biofilm and protective immunological mechanisms
(Caton et al., 2011; Shaddox et al., 2011; Kinane et al., 2011). Among the different
microbial species involved in PD, Porphyromonas gingivalis is a Gram-negative
bacterium that plays a key role in the initiation and progression of chronic
periodontitis due to its ability to produce different proteases, such as gingipains
(Nakayama, 2003; Grenier et al., 2011). Gingipains can act directly on the immune
cells with the cytokines production responsible for tissue destruction observed in
PD (Nakayama, 2003; Grenier et al., 2011).

Recently, it was demonstrated that gingipains can also activate Proteinase-
Actived Receptor-2 (PAR;) (Belibasakis et al., 2010) which is a seven-
transmembrane G-protein-coupled receptor expressed in oral epithelial and non-
epithelial cells (neutrophils, gingival fibroblasts, osteoblasts and others) and
activated by proteases present during inflammation (mast cell tryptase and factor
Xa) (Abraham et al., 2000; Howells et al., 1997; Lourbakos et al., 2001; Miike et al.,
2001). Studies have demonstrated that PAR; is overexpressed in patients with PD
(Holzhausen et al., 2010) and it is associated with bone resorption. In addition,
PAR; may stimulate the production of proinflammatory mediators, including tumor
necrosis factor (TNF)-a and interleukin 1 (IL)-1(Amiable et al., 2009).
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Besides gingipains, the colonization by P. gingivalis produces the release of
lipopolysaccharide (LPS) that is responsible for the recruitment of inflammatory
cells and release of proinflammatory cytokines such as in IL-13, IL-17 and TNF-a
(Kotake et al., 1999; Vernal et al., 2005; Takahashi et al., 2005). These cytokines
are related to chronic PD signs, since their presence in gingival tissues are able to:
a) increase vascular permeability, b) induce the release of other interleukins (IL-6
and IL-8), c) increase the production of proteinases (MMPs), and d) activate
osteoclasts to induce bone resorption (Vernal et al., 2005; Takahashi et al., 2005;
Beklen et al., 2007).

Due to this better understanding of the pathogenesis of periodontal disease,
systemic therapies involving the modulation of the immuno-inflammatory host
response (MHR) were suggested as complementary to conventional
mechanical/chemical procedures in the treatment of PD (Kinane et al., 2011;
Sgolastra et al., 2011). Nowadays, doxycycline (Dox), an antimicrobial agent of the
tetracycline group, is the major MHR drug used in PD (Kinane et al., 2011,
Sgolastra et al., 2011).

Sub-antimicrobial dose of Dox (SDD) is able to inhibit the activity of matrix
metalloproteinases (MMPs) and to reduce the degradation of macromolecules in
the periodontal tissue such as collagens, fibronectin and elastin (Golub et al.,
1983). In 1998, the Food and Drug Administration (FDA) approved the use of SDD
(20 mg, twice daily) as an adjunct in the treatment of PD based on its mechanism
of action and on the clinical results of decreased pocket depth levels, attachment
level and bleeding (Sgolastra et al., 2011). In addition to this property, our group
demonstrated that Dox can also inhibit osteoclast differentiation/activation using
both in vitro and in vivo models (Franco et al., 2011).

In spite of its efficacy, a main concern regarding the clinical use of SDD is
the possibility of selection of microbial resistance during long period treatment as
indicated in dentistry and its impact on the treatment of other infectious disease
(Pallasch, 2004).

In this context, the aim of this investigation was to evaluate the molecular
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and histological effects of Dox as a MHR in the ligature-induced periodontitis in
rats. Additionally, in vitro susceptibility of P. gingivalis to long-term treatment of Dox

and other non-tetracycline antibiotics was analyzed

MATERIAL AND METHODS
In vivo Study
Animals and periodontitis induction:

The experimental protocol of the present study was approved by the Ethical
Committee on Animal Research (Protocol # 1591-1) at the State University of
Campinas. Sixty male rats (Wistar-Specific Pathogen Free, weighting from 250 to
300 g) were obtained from CEMIB (Multidisciplinary Center for Biological
Research, State University of Campinas/SP - Brazil), housed in temperature,
humidity and light-dark cycle controlled rooms and received food and water ad
libitum.

PD was induced in rats using gingival bilateral ligatures in the 1% molars
(Rodini et al., 2008). To obtain this result, the rats were anesthetized with an
intramuscular injection of ketamine (90 mg/kg) and xylazine (10 mg/kg). The
animals were randomly allocated into the following three or fifteen days
experimental groups (n=10 animals/group/experiment) (Holzhausen et al. 2002;
Rodini et al. 2008): 1) control group: rats without ligature and without treatment; 2)
ligature group: rats with ligature and treated with 0.9% NaCl solution and 3) ligature
+ SDD group: rats with ligature and treated with SDD (5 mg / kg / day). (Golub et
al., 1994; Buduneliet al., 2004). Doxycycline hyclate was obtained from Sigma-
Aldrich (St. Louis, MO) and dissolved in water. All treatments (Dox or NaCl 0.9%)
were given by gavage 1 hour before the PD induction and daily during
experimental periods. The behavior and physical appearance of the animals were
noted daily and their weight were assessed at the beginning and end of each

experimental period.

RNA isolation, cDNA synthesis and RT-PCR.
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Thirty rats were sacrificed after 3 days and the gingival tissues of the first
molar area were removed. The total RNA from these tissues were extracted using
TRIzol® reagent (Invitrogen®, Carlsbad, CA) according to the manufacturer’s
guidelines. The RNA pellet was resuspended in ultrapure DNase/RNase free water
and stored at -80°C. Total RNA concentration and quality were determined using a
Nanodrop Spectrophotometer (ND-3300, NanoDrop Technologies, USA). DNase |°
(Invitrogen ®) was used to eliminate DNA contamination. Isolated total RNA (0.5
Mg) was reverse transcribed with the SuperScript synthesis system in the presence
of random primers (Invitrogen®). The subsequent complementary DNA was
amplified by PCR with Tag DNA polymerase (Invitrogen®) as described by the
manufacturer. Amplification of cDNA was performed using specific primers shown
in Table 1. PCR conditions were 30—-35 cycles of 94°C for 30 s; 55-60°C for 30 s;
72°C for 1 min. The size of the PCR products was determined by comparing with
the 100 bp ladder (Invitrogen®). The agarose gels containing the amplified products
were scanned and analyzed by imaging software (ImageJ®, NIH), through
comparison of gel band intensity allowed a semi-quantitative comparison between
target genes and the internal control gene [glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)] (Branco-de-Almeida et al., 2011).

Histological Analysis

Thirty rats were sacrificed after 15 days of oral treatment and their left
hemimandibles were removed, immediately fixed with 10% neutral buffered
formalin and then decalcified with 10% EDTA aqueous solution for 60 days. The
specimens underwent routine histological preparation. Paraffin semi-serial sections
(5 wm) were obtained in a mesiodistal direction and stained with Hematoxylin and
Eosin (H&E) for measurement of bone loss or with picrosirius red for collagen
content evaluation (Branco-de-Almeida et al., 2011).

Histological images of sections stained with H&E were scanned at a
magnification of x50. Periodontal bone loss was assessed histometrically by a

single examiner, blind and using an imaging software (ImageJ®, NIH) to measure
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the area (mm?) of bone loss in the furcation area, indicating destruction of the
periodontal ligament and/or bone loss area of the furcation to the top of the
alveolar bone crest (Nociti et al., 2000).

The images of the sections stained with picrosirius red were obtained by
polarization microscopy and the areas of connective tissue immediately above the
bone crest, in the area corresponding to the mesial of first molar, were digitized at
x400 of magnification. The percentage of collagen fibers was assessed using both
the Imaged (Imaged®, NIH) and Adobe Photoshop® 7.0.1 (Adobe Systems
Incorporated, San Jose, CA, USA) programs. First, the images of red hue collagen
fibers were selected with the aid of the Adobe Photoshop 7.0.1 image-processing
software. The selected images were binarized, and the percentage of area filled by
collagen fibers was calculated (Rich & Whittaker, 2005).

In Vitro Study
Microbial Analyses

An aliquot (100 uL) of Porphyromonas gingivalis (strain ATCC BAA-308 /
W83) was reactivated and an aliquot of 4.9 mL of Fastidious Anaerobe Broth (FAB)
medium for 48 h and another 10 uL was reactivated in Fastidious Anaerobe Agar
(FAA) plates, cultured for 4 days. Both were incubated under anaerobic conditions
(80% N2, 10% Hz and 10% CO3) (Cogo et al. 2008). After bacterial growth, this was
considerated 1% generation, with an inoculum 0.7 at 660 nm in a
spectrophotometer (equivalent to 2 x 10° cfu/mL). Three groups were used for
antimicrobial susceptibility determination: 1) subantimicrobial dose Dox (0.4
pMg/mL); 2) antimicrobial dose Dox (4 pg/mL), and 3) control containing culture
medium without Dox (Caton, 1999; Haffajjee et al., 2008). Under anaerobic
conditions, an aliquot (100 uL) of the first tube was transferred to a new tube
containing fresh culture medium with or without Dox. This was considered to be the
2"? generation. Triplicate tubes were made of the testing and control. We follow this

procedure for 45 generations, equivalent to 3 months of therapy with sub-
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antimicrobial dose of Dox (Emingil et al., 2004, Choi et al., 2004, Haffajee et al.,
2008).

For each generation, an inoculum was prepared to evaluate the
susceptibility or the resistance of P. gingivalis through the Minimum Inhibitory
Concentration (MIC) test it was considered the change in bacterial susceptibility
when MIC values exceeded the known values in the first generation and the known
values in the literature of antimicrobial activity for two or more drugs, following the
guidelines of the CLSI, M11-A4 (1997). The determination of MIC was performed
using a method described by CLSI (1997).

The FAB medium was inoculated with bacterial suspension, as described
above, in the 1:20 ratio, to obtain a bacterial concentration of about 1 x 107 cfu/mL.
Antimicrobial doses of Dox 100 mg, Amoxicillin (Amox) 500 mg and Metronidazole
(Metr) 750 mg (Sigma-Aldrich; St. Louis, MO) (Thomas et al., 2000; Walker et al.,
2007; Haffajee et al., 2008). Each antibiotic was tested in concentration increasing
two-fold from 0.05 to 16 ug/mL following the serum concentration of antibiotics and
the recommendations of CLSI (1997). MIC was determined at the lowest
concentration that could inhibit bacterial growth. Three repetitions were made for

each antimicrobial drug.

STATISTICAL ANALYSIS

Data from assays are presented as means = standard deviation (SD). The
results were subjected to one-way analysis of variance (ANOVA), and statistical
differences among the three groups were analyzed using the Tukey test at a
significance level of 5%. Data were analyzed using statistical software BioEstat 5.0

(Sociedade Civil Mamiraua, Belém-PA, Brazil).

RESULTS
Gene expression data in the ligature induced gingival tissues and control are
presented in relation to GAPDH values. Systemic administration of SDD affected

the levels of MRNA expression in the 4 genes analyzed in RT-PCR (p<0.05).
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Data analysis showed that the SDD group had significantly reduction levels
of PAR; mRNA expression in the gingival tissue (Fig. 1) compared to the ligature
group (p<0.05). Similarly, statistical analysis revealed a higher difference in the
expression of IL-17 gene, showing results very close to the control group (Fig.1).
To confirm the effect of SDD on the reduction of proinflammatory cytokines mRNA
levels of TNF-a, IL-1B were tested. The Figure 1 shows a significant difference
between the SDD and ligature groups (P<0.05).

Experimental periodontitis model was confirmed, since there was an
increase in bone loss during the period of 15 days after placement of the ligature.
SDD therapy reduced the total area of bone loss in the furcation of first molar when
compared with the NaCl 0.9% group (p<0.05, Fig.2). After the connective tissue
collagen assessment, it was found less picrosirius red staining pattern in the
ligature group compared to either control or the ligature + SDD (P<0.05, Fig. 2).

The sensitivity of P. gingivalis W83 for the groups SDD and control are listed
in Table 2. Furthermore, it was illustrated the patterns of susceptibility
recommended by CLSI for anaerobic microorganisms to the antibiotics studied:
Dox, Amox and Metr. The reactivation of P. gingivalis was considered the first
generation, it was sensitive to most antimicrobial agents tests with MIC values of
0.2 yg/mL to Dox. After 3 months, P. gingivalis cultured without Dox showed MIC
values of 0.4ug/mL, and their growth with Dox had MIC values of 0.8 ug/mL. These
values of MIC indicate no resistance to P. gingivalis under CLSI guidelines for of
sensitivity anaerobic (CLSI, 1997).

DISCUSSION

In the present study, Dox was able to reduce the gene expression of
different proinflammatory mediators along with a reduction of bone resorption and
collagen degradation. In special, to the author’s knowledge, this is the first paper to
show a diminished PAR, gene expression in the animal model of periodontitis
treated with Dox. This result can indicate a new mechanism of action of this drug

on the modulation of the immuno-inflammatory host response (MHR) in PD.
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PAR family is composed of four members (PAR{, PAR,, PAR3; and PAR,)
distributed by several types of body cells. Nowadays, PAR; is the most studied due
to its direct association with chronic inflammatory diseases, including arthritis and
PD (Holzhausen et al., 2005; Kelso et al., 2006). Holzhausen et al. (2005)
demonstrated that topical application at the mesial gingival sulcus of the
mandibular first molar of PAR; agonist (SLIGRL-NH2) induced significant alveolar
bone loss and gingival granulocyte infiltration in rats. In another study, it was
demonstrated that PARy-deficient mice (PAR,”) had less bone loss after P.
gingivalis subcutaneous inoculation when compared to wild-type (WT) mice
(PAR,"*) (Holzhausen et al., 2006).

Since PAR; is activated by proteases present in inflammation sites and Dox
is considered a strong protease inhibitor, this drug can modulate PAR; by a dual
mode, downregulating the gene expression and decreasing its posterior activation
by proteases. These effects can enhance the efficacy of Dox in diseases involving
PAR..

PD is characterized by an increase in the expression of proinflammatory
cytokines (Shaddox et al., 2011). Our study showed that Dox downregulated the
expressions of TNF-a, IL-18 and IL-17. Although TNF-a and IL-1B are well-
documented cytokines involved in the breakdown of tooth-supporting tissues in PD,
IL-17 was just recently associated with PD (Oda et al., 2003; Johnson et al., 2004;
Emingil et al., 2011). IL-17, a proinflammatory cytokine, is mainly produced by
active CD4+ T-cells/Th17 (Aarvak et al., 1999) and it induces RANKL production
by osteoblast and also stimulates fibroblast to produce other inflammatory
mediators such as TNF-a and IL-1B3 (Takahashi et al., 2005; Beklen et al., 2007).
Yi and collaborators, (2011) using a rat model of experimental auto-immune
neuritis (EAN), demonstrated that IL-17 is related to the progression of EAN and
the treatment of Dox, in high dose (40 mg/kg/day), was able to reduce the levels of
this cytokine, contributing to attenuate the severity of EAN. In periodontitis model,
the present study was the first demonstration of a reduction of IL-17 gene

expression by a low dose of Dox (5 mg/kg/day).
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These results taken together can support the microscopical finds of the
present study which were represented by a reduction of bone alveolar loss and
lower collagen degradation in the Dox group.

It is crucial for the success or failure of SDD therapy to consider changes in
bacterial susceptibility (Thomas et al., 2000). Treatment with SDD over time was
tested for resistance to antibiotics and was measured by a change in the Dox MICs
and different classes of antibiotics. Pharmacokinetic studies in humans showed
that 20 mg of Dox, produces blood serum concentrations of 0.4 ug/mL free Dox
(CollaGenex Pharmaceuticals, 1996). These values are lower than 3 to 4 ug/mL in
blood with antibiotics produced by doses of 100-200mg (Walker et al. 2000). The
SDD level of free Dox in plasma is considerably below the MIC determined in vitro
for the vast majority of bacteria isolated from normal human flora (Sutter et al.,
1983).

Our results for the first generation of P. gingivalis are in agreement with
literature data, which shows similar values of MIC for various strains of P. gingivalis
with the antibiotics tested Amox, Dox and Met (0.3, 0.1 and 0.2 pg/mL,
respectively) (Aldridge et al., 2001; Haffajee et al., 2008), However, we found 0.2
pMg/mL in the MIC for Dox, and thus the concentration of 0.4 ug/mL was two times
higher than MIC found in this study for P. gingivalis, showing that the 0.4 pg/mL is
antimicrobial dose contradicts the literature (Thomas et al., 2000; Walker et al.,
2007; Haffajee et al., 2008). The results obtained from the groups with SDD and
control (no-dox) for the three drugs tested showed a slight change in the sensitivity
of the P. gingivalis that can be observed from the 38" generation (about 2.5
months) and this MIC value remained for up to 3 months or 45 generations. The
results showed a change in MIC intervals, however remained in the range
intermediate classification according to the CLSI (1997). Thus, we can understand
that over 3 months P. gingivalis may not develop resistance to any of the
antibiotics tested, but was able to change the sensitivity of the P. gingivalis with the
antimicrobials tested. Interesting to note that the presence of SDD decreased

sensitivity of P. gingivalis to metronidazole, as shown in Table 2, three months
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after the MIC increased from 0.1 pg/mL to 0.8 pg/mL. Further studies are needed
to discover the mechanisms involved in this finding because metronidazole is an
antibiotic commonly indicated for the treatment of PD (Silva et al., 2011).

Generally, our results are consistent with the literature as in several clinical
studies on SDD treatment over long periods which shows that the SDD causes no
resistance to the oral biofilm bacteria, intestinal and vaginal flora (Thomas et al.,
2000; Walker et al., 2005; Haffajee et al., 2008). However, many of these studies
show that while SDD does not develop bacterial resistance, it causes changes in
the number of bacteria and also reduction in the sensitivity to diverse classes of
drugs with MIC values slightly higher when compared to placebo groups (Feres et

al., 1999a; 1999b). These results are similar to those found by our research group.

CONCLUSION

SDD may be beneficial in periodontal treatment by reducing the alveolar
bone resorption and maintaining the amount of collagen fibers probably by acting
at inhibition of the expression IL-13, IL-17, TNF-a and PAR,. However we need
more studies with respect to bacterial susceptibility with a long-term use of SDD,
since resistance was not found for P. gingivalis but a marked alteration of the
antimicrobial values. Thus it shows that SDD interfere in some way in the bacterial

culture susceptibility to Doxycycline and Metronidazole.
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Table 1. Primers sequences and amplicon length for each gene used for RT-PCR

amplification
Gene Sequence gene (5’2 3’) Lenght (bp)
IL-18 ForwardTCCATGAGCTTTGTACAAGG 237 bp
Reserve GGTGCTGATGTACCAGTTGG
PAR ; ForwardGCGTGGCTGCTGGGAGGTATC 441 bp
Reserve GGAACAGAAAGACTCCAATG
TNF-a ForwardTACTGAACTTCGGGGTGATTGGTCC 295 bp
Reserve CAGCCTTGTCCCTTGAAGAGAACC
IL-17 Forward CTTCACCCTGGACTCTGAGC 286 bp
Reserve TGGCGGACAATAGAGGAAAC
GAPDH Forward ACCACAGTCCATGCCATCAC 450 bp

Reserve TCCACCACCCTGTTGCTGTA
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Table 2. Minimum inhibitory concentrations (MICs) and values established by the

CSLI for the classification of bacteria.

Antimicrobial 1'G  45G 45G Susceptibl Intermediate Resistant

agent without with e (CLSI) (CLSI) (CLSI)
Dox Dox

Amoxicillin* 0.4 1 1 <0.2 >0.2to<8 >8

Doxycycline 0.2 04 0.8 <0.2 >0.2to<8 >8

Metronidazole 0.1 0.2 0.8 <0.5 >0.5to <16 =16

G= generations
The values is expressed in pg/mL.
Each antibiotic was tested in increasing two-fold concentration ranging from 0.05 to 16 pg/mL

* Amoxicillin is considered to have an MIC similar to ampicillin.
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Figure 1. Effects of subantimicrobial dose of doxycycline (SDD) treatment on
expressions of PAR2, IL-17, IL-18 and TNF-a mRNA levels monitored in

gingival tissues, presented by ratio: mMRNA expression level/l GAPDH.

mRNA expression levels (ratio of PCR products for target gene/GAPDH measured in agarose gel) of respective genes,
PAR2, IL-17, IL-18 and TNF-a in the gingival tissues were calculated. Data represents the mean = standard deviation (SD) of
10 rats for each group. Data were collected from the samples isolated from the gingival tissues of 1) control, 2) ligature and
3) ligature + SDD on Day-3. Different letters on the top of each bar indicate statistical differences (PAR,: A vs. B, p<0.05; IL-
17: Avs. B, p< 0.01; IL-1B: A vs. B, p< 0.05; TNF-a: A vs. B, p< 0.05; ANOVA followed by Tukey test).
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Figure 2.Effects of subantimicrobial dose of doxycycline (SDD) treatment on
alveolar bone loss and collagen content in a rat model of ligature induced
periodontitis.

Data represents the mean =+ standard deviation (SD) of 10 rats for each group. A) Measurement of bone loss (mmz) in the
furcation region of first molars of control, ligature and ligature + SDD groups after 15 days of periodontal disease induction.

B) Quantitative analysis of red-stained collagen fibers (% area) in the connective tissue immediately above the bone crest in

23



the mesial of the mandibular first molars of control, ligature and ligature + SDD groups after 15 days of periodontal disease

induction. SDD reduced alveolar bone loss as compared to ligature group (p<0.05) and maintained collagen fiber levels

similar to control group (p>0.05). Different letters on the top of each bar indicate statistical differences (Figure 1 A: A vs. B,
P< 0.01; A vs. C, p<0.05; Bvs C, P<0.01; Figure 1 B: A vs. B, P< 0.01; ANOVA followed by Tukeytest). C, D, and E are the

images of H&E staining at the furcation region of control, ligature, and ligature + SDD groups, respectively (Hematoxylin and

Eosin staining, magnification of x50). F, G, and H are images of the collagen fibers stained with picrosirius-polarization

microscopy in the connective tissue immediately above the bone crest in the mesial of mandibular first molars of control,

ligature, and ligature + SDD groups, respectively (picrosirius red stain, magnification of x400).
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5. CONCLUSOES GERAIS

A doxiciclina em dose subantimicrobiana foi capaz de modular a resposta do
hospedeiro na DP, pois reduziu os niveis de mediadores inflamatérios como PAR;
e IL-17, bem como, diminuiu outras vias da resposta inflamatéria, como a
reabsorcdo Ossea e a degradacdo de colageno na DP. A DDS modificou o
crescimento da P. gingivalis, entretanto ndo desenvolveu resisténcia antibidtica a

multidrogas ao longo de 3 meses.

31



6. REFERENCIAS’

1.

Aarvak, T., Chabaud, M., Miossec, P. & Natvig, J. B. IL-17 is produced by
some proinflammatory Th1/ThO cells but not by Th2 cells. The Journal of
Immunology.1999; 162, 1246-1251.

Abraham LA, Chinni C, Jenkins AL, Lourbakos A, Ally N, Pike RN, et al.
Expression of protease-activated receptor-2 by osteoblasts. Bone. 2000;
26:7-14.

Aldridge KE, Ashcraft DA, Cambre K, Pierson CL, Jenkins SG, Rosenblatt
JE. Multicenter Survey of the Changing In Vitro Antimicrobial Susceptibilities
of Clinical Isolates of Bacteroides fragilis Group, Prevotella, Fusobacterium,
Porphyromonas, and Peptostreptococcus Species Antimicrob. Agents
Chemother. 2001; 45(4):1238.

Amiable N, Tat SK, Lajeunesse D, Duval N, Pelletier JP, Martel-Pelletier J,
Boileau C. Proteinase-activated receptor (PAR)-2 activation impacts bone
resorptive properties of human osteoarthritic subchondral bone osteoblasts.
Bone. 2009 Jun;44(6):1143-50

Belibasakis GN, Bostanci N, Reddi D. Regulation of protease-activated
receptor-2 expression in gingival fibroblasts and Jurkat T cells by
Porphyromonas gingivalis. Cell Biol Int. 2010; 34(3):287-92.

Beklen A, Ainola M, Hukkanen M, Glrgan C, Sorsa T, Konttinen YT. MMPs,
IL-1, and TNF are regulated by IL-17 in periodontitis. J Dent Res. 2007;
86(4):347-51.

Bostanci N, Akgul B, Tsakanika V, Allaker RP, Hughes FJ, McKay IJ.
Effects of low-dose doxycycline on cytokine secretion in human monocytes
stimulated with Aggregatibacter actinomycetemcomitans. Cytokine. 2011;
56(3):656-61.

" De acordo com a norma da UNICAMP/FOP, baseadas na norma do International Committee of

Medical Journal Editors- grupo de Vancouver. Abreviatura dos periédicos em conformidade com o
Medline.

32



8. Branco-de-Almeida LS, Franco GC, Castro ML, Dos Santos JG, Anbinder
AL, Cortelli SC, Kajiya M, Kawai T, Rosalen PL. Fluoxetine Inhibits
Inflammatory Response and Bone Loss in a Rat Model of Ligature-Induced
Periodontitis. J Periodontol. 2011; Oct 3. [Epub ahead of print].

9. Buduneli E, Vardar S, Buduneli N, Berdeli AH, Turkoglu O, Baskesen A,
Atilla G. Effects of combined systemic administration of low-dose
doxycycline and alendronate on endotoxin-induced periodontitis in rats. J
Periodontol. 2004;75(11):1516-23.

10.Cocks TM and Moffatt JD. Proteinase-activated receptors: sentries for
inflammation? TIPS. 2000; 21: 103-108.

11.Caton JG. Evaluation of Periostat for patient management. Compend Contin
Educ Dent. 1999; 20(5):451-6, 458-60, 462; quiz 463. Review

12.Caton JG, Ciancio SG, Blieden TM, Bradshaw M, Crout RJ, Hefti AF,
Massaro JM, Polson AM, Thomas J, Walker C. Treatment with
subantimicrobial dose doxycycline improves the efficacy of scaling and root
planing in patients with adult periodontitis. J Periodontol. 2000; 71(4):521-
32.

13.Caton JG, Ciancio SG, Blieden TM, Bradshaw M, Crout RJ, Hefti AF,
Massaro JM, Polson AM, Thomas J, Walker C. Subantimicrobial dose
doxycycline as an adjunct to scaling and root planing: post-treatment
effects. J Clin Periodontol. 2001; 28(8):782-9.

14.Caton J, Ryan ME. Clinical studies on the management of periodontal
diseases utilizing subantimicrobial dosedoxycycline (SDD). Pharmacol Res.
2011; 63(2):114-20. Review.

15.CLSI -Clinical Laboratory and Standards Institute (National Committee for
Clinical Laboratory Standards), 1997. Methods for Antimicrobial
Susceptibility Testing of Anaerobic Bacteria, 4th Edition. Approved Standard
M11-A4. National Committee for Clinical Laboratory Standards, Wayne, PA.

33



16.Cogo K, Montan MF, Bergamaschi Cde C, D Andrade E, Rosalen PL,
Groppo FC. In vitro evaluation of the effect of nicotine, cotinine, and caffeine
on oral microorganisms. Can J Microbiol. 2008; 54(6):501-8.

17.Collagenex Pharmaceuticals I. (1996) New Drug Application #50-744 (50—
744). Food and Drug Administration.

18.Cortelli JR, Aquino DR, Cortelli SC, Nobre Franco GC, Fernandes CB,
Roman-Torres CV, Costa FO. Detection of periodontal pathogens in oral
mucous membranes of edentulous individuals. J Periodontol. 2008;
79(10):1962-5.

19.Coughlin SR and Camerer E. PARticipation in inflammation. J Clin Invest.
2003; 111:25-27.

20.Chen Z, Potempa J, Polanowski A, Wikstrom M, Travis J. Purification and
characterization of a 50-kDa cysteine proteinase (gingipain) from
Porphyromonas gingivalis. J Biol Chem. 1992 Sep 15;267(26):18896-901.

21.Choi DH, Moon IS, Choi BK, Paik JW, Kim YS, Choi SH, Kim CK. Effects of
sub-antimicrobial dose doxycycline therapy on crevicular fluid MMP-8, and
gingival tissue MMP-9, TIMP-1 and IL-6 levels in chronic periodontitis. J
Periodontal Res. 2004; 39(1):20-6.

22.Delima AJ, Oates T, Assuma R, Schwartz Z, Cochran D, Amar S, Graves
DT. Soluble antagonists to interleukin-1 (IL-1) and tumor necrosis factor
(TNF) inhibits loss of tissue attachment in experimental periodontitis. J Clin
Periodontol. 2001; 28(3):233-40.

23.Dumitrescu AL, Abd-El-Aleem S, Morales-Aza B, Donaldson LF. A model of
periodontitis in the rat: effect of lipopolysaccharide on bone resorption,
osteoclast activity, and local peptidergic innervation. J Clin Periodontol.
2004; 31(8):596-603.

24 Emingil G, Atilla G, Sorsa T, Luoto H, Kirilmaz L, Baylas H. The effect of
adjunctive low-dose doxycycline therapy on clinical parameters and gingival
crevicular fluid matrix metalloproteinase-8 levels in chronic periodontitis. J
Periodontol. 2004; 75(1):106-15.

34



25.Emingil G, Gurkan A, Atilla G, Berdeli A, Cinarcik S. Adjunctive low-dose
doxycycline therapy effect on clinical parameters and gingival crevicular
fluid tissue plasminogen activator levels in chronic periodontitis. Inflamm
Res. 2006; 55(12):550-8

26.Emingil G, Gurkan A, Atilla G, Kantarci A. Subantimicrobial-dose
doxycycline and cytokine-chemokine levels in gingival crevicular fluid. J
Periodontol. 2011; 82(3):452-61.

27.Feres M, Haffajee AD, Goncalves C, Allard KA, Som S, Smith C, Goodson
JM, Socransky SS. Systemic doxycycline administration in the treatment of
periodontal infections (l). Effect on the subgingival microbiota.J Clin
Periodontol. 1999a; 26(12):775-83.

28.Feres M, Haffajee AD, Goncalves C, Allard KA, Som S, Smith C, Goodson
JM, Socransky SS. Systemic doxycycline administration in the treatment of
periodontal infections (llI). Effect on antibiotic resistance of subgingival
species. J Clin Periodontol. 1999b; 26(12):784-92.

29.Franco GC, Kajiya M, Nakanishi T, Ohta K, Rosalen PL, Groppo FC, Ernst
CW, Boyesen JL, Bartlett JD, Stashenko P, Taubman MA, Kawai T.
Inhibition of matrix metalloproteinase-9 activity by doxycycline ameliorates
RANK ligand-induced osteoclast differentiation in vitro and in vivo. Exp Cell
Res. 2011; 317(10):1454-64.

30.Garlet GP, Avila-Campos MJ, Milanezi CM, Ferreira BR, Silva JS.
Actinobacillus actinomycetemcomitans-induced periodontal disease in mice:
patterns of cytokine, chemokine, and chemokine receptor expression and
leukocyte migration. Microbes Infect. 2005; 7(4):738-47.

31.Golub LM, Lee H M, Lehrer G, Nemiroff A, McNamara TF, Kaplan R, Rama-
murthy NS. Minocycline reduces gingival collagenolytic activity during
diabetes. Preliminary observations and a pro- posed new mechanism of
action. Journal of Periodontal Research.1983; 18, 516-526.

32.Golub LM, Evans RT, McNamara TF, Lee HM, Ramamurthy NS. A non-

antimicrobial tetracycline inhibits gingival matrix metalloproteinases and

35



bone loss in Porphyromonas gingivalis-induced periodontitis in rats. Ann N
Y Acad Sci. 1994; 732:96-111.

33.Goulbourne PA, Ellen RP. Evidence that Porphyromonas (Bacteroides)
gingivalis fimbriae function in adhesion to Actinomyces viscosus. J
Bacteriol. 1991; 173(17):5266-74.

34.Grenier D, Roy E, Mayrand D. Modulation of Porphyromonas gingivalis
proteinase activity by suboptimal doses of antimicrobial agents. J
Periodontol. 2003; 74(9):1316-9.

35.Gurkan A, Emingil G, Cinarcik S, Berdeli A. Post-treatment effects of
subantimicrobial dose doxycycline on clinical parameters and gingival
crevicular fluid transforming growth factor-betal in severe, generalized
chronic periodontitis. Int J Dent Hyg. 2008; 6(2):84-92.

36.Haffajee AD, Patel M, Socransky SS. Microbiological changes associated
with four different periodontal therapies for the treatment of chronic
periodontitis. Oral Microbiol Immunol. 2008; 23(2):148-57.

37.Holzhausen M, Rossa Junior C, Marcantonio Junior E, et al. Effect of
selective cyclooxygenase-2 inhibition on the development of ligature-
induced periodontitis in rats. J Periodontol. 2002; 73:1030-1036.

38.Holzhausen M, Spolidorio LC, Vergnolle N. Role of protease-activated
receptor-2 in inflammation, and its possible implications as a putative
mediator of periodontitis. Mem Inst Oswaldo Cruz. 2005; 100 Suppl 1:177-
80. Review.

39.Holzhausen M, Spolidorio LC, Vergnolle N. Proteinase-activated receptor-2
(PAR2) agonist causes periodontitis in rats. J Dent Res. 2005; 84(2):154-9.

40.Holzhausen M, Spolidorio LC, Ellen RP, Jobin MC, Steinhoff M, Andrade-
Gordon P, Vergnolle N. Protease-activated receptor-2 activation: a major
role in the pathogenesis of Porphyromonas gingivalis infection. Am J Pathol.
2006; 168(4):1189-99.

36



41.Holzhausen M, Cortelli JR, da Silva VA, GC, Cortelli SC, Vergnolle N.
Protease-activated receptor-2 (PAR(2)) in human periodontitis. J Dent Res.
2010; 89(9):948-53.

42.Howells GL, Macey MG, Chinni C, Hou L, Fox MT, Harriott P, Stone SR:
Proteinase-activated receptor-2: expression by human neutrophils. J Cell
Sci. 1997; 110:881-887.

43.1de M, McPartlin D, Coward PY, Crook M, Lumb P, Wilson RF. Effect of
treatment of chronic periodontitis on levels of serum markers of acute-phase
inflammatory and vascular responses. J Clin Periodontol. 2003; 30:334-340.

44.Johnson RB, Wood N, Serio FG. Interleukin-11 and IL-17 and the
pathogenesis of periodontal disease. J Periodontol. 2004; 75(1):37-43.

45.Kelso EB, Lockhart JC, Hembrough T, Dunning L, Plevin R, Hollenberg MD,
Sommerhoff CP, McLean JS, Ferrell WR. Therapeutic promise of
proteinase-activated receptor-2 antagonism in joint inflammation. J
Pharmacol Exp Ther. 2006; 316(3):1017-24.

46.Kinane DF, Preshaw PM, Loos BG; Working Group 2 of Seventh European
Workshop on Periodontology. Host-response: understanding the cellular
and molecular mechanisms of host-microbial interactions--consensus of the
Seventh European Workshop on Periodontology. J Clin Periodontol. 2011;
38 Suppl 11:44-8

47.Kotake S, Udagawa N, Takahashi N, Matsuzaki K, Itoh K, Ishiyama S, et al.
IL-17 in synovial fluids from patients with rheumatoid arthritis is a potent
stimulator of osteoclastogenesis. J Clin Invest. 1999; 103:1345-1352.

48.Lee HM, Ciancio SG, Tuter G, Ryan ME, Komaroff E, Golub LM.
Subantimicrobial dose doxycycline efficacy as a matrix metalloproteinase
inhibitor in chronic periodontitis patients is enhanced when combined with a
non-steroidal anti-inflammatory drug. J Periodontol. 2004; 75(3):453-63.

49.Li L, Messas E, Batista EL Jr, Levine RA, Amar S. Porphyromonas

gingivalis infection accelerates the progression of atherosclerosis in a

37



heterozygous apolipoprotein E-deficient murine model. Circulation. 2002;
105(7):861-7.

50.Loe H, Theilade E, Jensen SB. Experimental gingivitis in man. J
Periodontol. 1965; 36:177-87.

51.Lourbakos A, Potempa J, Travis J, D'Andrea MR, Andrade-Gordon P,
Santulli R, et al. Arginine-specific protease from Porphyromonas gingivalis
activates protease-activated receptors on human oral epithelial cells and
induces interleukin-6 secretion. Infect Immun. 2001; 69:5121-5130.

52.Miike S, McWilliam AS, Kita H. Trypsin induces activation and inflammatory
mediator release from human eosinophils through protease-activated
receptor-2. J Immunol. 2001; 167:6615-6622.

53.Nakayama K. Molecular genetics of Porphyromonas gingivalis: gingipains
and other virulence factors. Curr Protein Pept Sci. 2003; 4(6):389-95.
Review.

54.Nociti FH Jr, Nogueira-Filho GR, Primo MT, et al. The influence of nicotine
on the bone loss rate in ligature-induced periodontitis. A histometric study in
rats. J Periodontol 2000; 71:1460-1464.

55.Novak MJ, Johns LP, Miller RC, Bradshaw MH. Adjunctive benefits of
subantimicrobial dose doxycycline in the management of severe,
generalized, chronic periodontitis. J Periodontol. 2002; 73(7):762-9.

56.Novak MJ, Dawson DR 3rd, Magnusson |, Karpinia K, Polson A, Polson A,
Ryan ME, Ciancio S, Drisko CH, Kinane D, Powala C, Bradshaw M.
Combining host modulation and topical antimicrobial therapy in the
management of moderate to severe periodontitis: a randomized multicenter
trial. J Periodontol. 2008; 79(1):33-41.

57.0da T, Yoshie H, Yamazaki K. Porphyromonas gingivalis antigen
preferentially stimulates T cells to express IL-17 but not receptor activator of
NF-kappaB ligand in vitro. Oral Microbiol Immunol. 2003; 18(1):30-6.

38



58.0ssovskaya, Valeria S., and Nigel W. Bunnett. Protease-Activated
Receptors: Contribution to Physiology and Disease. Physiol Rev. 2004; 84:
579-621.

59.Pallasch T. Subantimicrobial doses of tetracycline. Arterioscler Thromb
Vasc Biol. 2004; 24 (9):e163; author reply e163.

60.Peterson JT. Matrix metalloproteinase inhibitor development and the
remodeling of drug discovery. Heart Fail Rev. 2004; 9(1):63-79.

61.Preshaw PM, Hefti AF, Jepsen S, Etienne D, Walker C, Bradshaw MH.
Subantimicrobial dose doxycycline as adjunctive treatment for periodontitis.
A review. J Clin Periodontol. 2004; 31(9):697-707. Review

62.Reddy MS, Geurs NC, Gunsolley JC. Periodontal host modulation with
antiproteinase, anti-inflammatory, and bone-sparing agents. A systematic
review. Ann Periodontol. 2003; 8(1):12-37. Review.

63.Rich L, Whittaker P. Collagen and picrosirius red staining: a polarized light
assessment of fibrillar hue and spatial distribution. Braz J Morphol Sci.
2005; 22: 97-104.

64.Roberts MC. Tetracycline therapy: update. Clin Infect Dis. 2003 Feb
15;36(4):462-7.

65.Rodini CO, Batista AC, Dionisio TJ, Santos CF, Cunha FQ, Lara VS.
Morphologic evaluation and expression of matrix metalloproteinases-2 and
9 and nitric oxide during experimental periodontal disease in rat. J Mol
Histol. 2008; 39(3):275-82.

66.Salvi GE, Lang NP. Host response modulation in the management of
periodontal diseases. J Clin Periodontol. 2005; 32(Suppl 6):108-29.

67.Seymour RA, Heasman PA. Drugs and the periodontium. J Clin Periodontol.
1988; 15:1-16.

68. Shaddox LM, Wiedey J, Calderon NL, Magnusson |, Bimstein E, Bidwell JA,
Zapert EF, Aukhil I, Wallet SM. Local inflammatory markers and systemic
endotoxin in aggressive periodontitis. J Dent Res. 2011; 90(9):1140-4.

39



69. Sgolastra F, Petrucci A, Gatto R, Giannoni M, Monaco A. Long-term efficacy
of subantimicrobial-dose doxycycline as an adjunctive treatment to scaling
and root planing: a systematic review and meta-analysis. J Periodontol.
2011; 82(11):1570-81

70.Silva MP, Feres M, Sirotto TA, Soares GM, Mendes JA, Faveri M,
Figueiredo LC. Clinical and microbiological benefits of metronidazole alone
or with amoxicillin as adjuncts in the treatment of chronic periodontitis: a
randomized placebo-controlled clinical trial. J Clin Periodontol. 2011
Sep;38(9):828-37.

71.Sutter, V. L.,Jones, M. J.& Ghoneim, A. T. M. (1983) Antimicrobial
susceptibilities of bacteria associated with periodontal disease. Antimicrobial
Agents and Chemotherapy 23, 483—-486.

72.Takahashi K, Azuma T, Motohira H, Kinane DF, Kitetsu S. The potential role
of interleukin-17 in the immunopathology of periodontal disease. J Clin
Periodontol. 2005; 32(4):369-74.

73.Taubman MA, Valverde P, Han X, Kawai T. Immune response: the key to
bone resorption in periodontal disease. J Periodontol. 2005; 76(11
Suppl):2033-41.

74.Thomas J, Walker C, Bradshaw M. Long-term use of subantimicrobial dose
doxycycline does not lead to changes in antimicrobial susceptibility. J
Periodontol. 2000; 71(9):1472-83.

75.Uehara A, Muramoto K, Takada H, Sugawara S. Neutrophil serine
proteinases activate human nonepithelial cells to produce inflammatory
cytokines through protease-activated receptor 2. J Immunol. 2003;
170:5690-5696.

76.Vergnolle N, Wallace JL, Bunnett NW, Hollenberg MD. Protease-activated
receptors in inflammation, neuronal signaling and pain. Trends Pharmacol
Sci. 2001; 22:146-152.

77.Vernal R, Dutzan N, Chaparro A, Puente J, Antonieta Valenzuela M,

Gamonal J. Levels of interleukin-17 in gingival crevicular fluid and in

40



supernatants of cellular cultures of gingival tissue from patients with chronic
periodontitis. J Clin Periodontol. 2005; 32(4):383-9.

78.Walker C, Thomas J, Nango S, Lennon J, Wetzel J, Powala C. Long-term
treatment with subantimicrobial dose doxycycline exerts no antibacterial
effect on the subgingival microflora associated with adult periodontitis. J
Periodontol. 2000; 71(9):1465-71.

79.Walker C, Preshaw PM, Novak J, Hefti AF, Bradshaw M, Powala C. Long-
term treatment with sub-antimicrobial dose doxycycline has no antibacterial
effect on intestinal flora. J Clin Periodontol. 2005; 32(11):1163-9.

80.Walker C, Puumala S, Golub LM, Stoner JA, Reinhardt RA, Lee HM, Payne
JB. Subantimicrobial dose doxycycline effects on osteopenic bone loss:
microbiologic results. J Periodontol. 2007; 78(8):1590-601.

81.Yi C, Zhang Z, Wang W, Zug C, Schluesener HJ, Zhang Z. Doxycycline
attenuates peripheral inflammation in rat experimental autoimmune neuritis.
Neurochem Res. 2011; 36(11):1984-90.

41



ANEXO 1: Resolugao do formato alternativo para a defesa da tese de Doutorado.

INFORMAGCAC CCPGMO2I06

Tendo em vista a necessidade de reviso da regulamentagdo das normas sobre o formato
£ a impress3o das disseragies de mestrado e teses de doutcrade & com base no
entendimente exarado no Parecer PG n® 1885/88, que trata da possibilidade do formato
alternativo ao ja estabelecido, a CCPG resaolve:

Artigo 1% - O formato padrio das dissertagies e teses de mestrado e doutorado da
UNICAMP deverdo obrigatoriamente conter:

|. Capa com formato Onico ou em formato altemnativo que dewera conter
informagdes relativas ac nivel (mestrado ou doutorado) & & Unidade de defesa,
fazendo referéncia a Universidade Estadual de Campinas, sendo o projeto
grafico das capas definido pela PRPG.

Il. Primeira folha interna dandao visibilidade & Universidade, a Unidade de defesa, ao
nome do autor, ao fitule do frabalho, ao ndmers de volumes (guando houwver
mais de um}, ao nivel (mestrade ou doutorado), a area de concentragdo, ao
nome do orientador e co-orientador, ao local (cidade) e ao ano de depdsite. No
seu verso deve constar a ficha catalografica.

. Folha de aprovagdo, dando visibilidade & ComissSoc Julgadora com as
respectivas assinaturas.

V. Resumo em portugués e em inglés (ambos com no maximo 500 palavras).

V. Sumario.

VI. Corpo da dissertagio ou tese dividide em topicos estruturados de modo
caracteristico 3 drea de conhecimentao.

VIl. Referéncias, formatadas segundo normmas de referenciamento definidas pela
CPG da Unidade ou por critéric do orentador.

Vill. Todas as paginas deverdo, obrigatoriamente, ser numeradas, inclusive paginas
iniciais, divisdes de capitulos, encartes, anexos, etc.. As paginas iniciais
poderdo ser numeradas utilizando-se algarismos romanos em sua forma
minlscula.

[¥. Todas as paginas com numeragdo “impar” serdo impressas como “frente” e
todas as paginas com numeracds “par” serdo impressas como “verso’.

& 1° - A crtéeric do awtor e do orienfador poderdo ser incluidos: dedicatoria;
agradecimento; epigrafe; lista de: ilustragdes. tabelas, abreviaturas e siglas, simbolos:
glossano; apéndice; anexos.

§ 2° - A diszertagdo ou tese deverd ser apresentada na lingua portuguesa, com excepdo
da possibilidade permitida no artige 2° desta Informagao.

§ 37 - As dissertagies & teses cujo conteddo versar sobre pesquisa envolvendo seres
humanos, animais ou bicsseguranga, deverdo apresentar anexos o5 respectivos
documentos de aprovagio.

Artigo 2° - A critério do orentador & com aprovagdo da CPG da Unidade, os capitulos
os apéndices poderdo conter copias de artigos de autoria ow de co-autoria do candidato,
ja publicados ou submetides para publicagio em revistas cientificas ou anais de
congressos sujeites a arbitragem, escritos no idioma exigido pelo veiculo de divulgagéo.
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ANEXO 2: Certificado de aprovacdo do Comité de Etica na experimentacéo
animal CEEA/UNICAMP

Vg, e
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uNICAMP

CEEA/Unicamp

Comissio de Etica na Experimentagio Animal
CEEA/Unicamp

CERTIFICADO

Certificamos que o Protocolo n® 1591-1, sobre "Avaliacdo in vivo de dose sub-
antimicrobiana de doxiciclina_sobre a modulacdo da resposta imuno-

inflamatdria do hospedeiro em modelo de doenca periodontal induzida em

ratos", sob a responsabilidade de Prof. Dr. Pedro Luiz Rosalen / Prof. Dr.

Gilson César Franco / Myrella Lessio Castro, est4 de acordo com os Principios

Eticos na Experimentagdo Animal adotados pelo Colégio Brasileiro de
Experimentagdo Animal (COBEA), tendo sido aprovado pela Comissao de Etica
na Experimentacao Animal — CEEA/Unicamp em 15 de setembro de 2008.

CERTIFICATE

We certify that the protocol n® 1591-1, entitled "In vivo evaluation of the activity

of sub dose doxycycline in_host response in_periodontal disease", is in

agreement with the Ethical Principles for Animal Research established by the
Brazilian College for Animal Experimentation (COBEA). This project was approved
by the institutional Committee for Ethics in Animal Research (State University of

Campinas - Unicamp) on September 15, 2008.

Campinas, 25 de setembro de 2008.
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Profa(p(a@ma Maria A. Guaraldo Fatima Alonso

Presidente Secretaria Executiva

CEEA - Unicamp Telefone: (19) 3521-6359
Caixa Postal 6109 E-mail: comisib@unicamp.br
13083-970 Campinas, SP — Brasil http://www.ib.unicamp.br/ceea/
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ANEXO 3: Comprovante de submissao a revista

Mensagem Original
Assunto: Submission Confirmation for Subantimicrobial dose of doxycycline
in periodontal disease: Immunological, Histological and Microbiological
Aspects.

De: "The European Journal of Pharmacology" <ejp-office@pharm.uu.nl>
Data: Sab, Fevereiro 25, 2012 4:10 pm

Para: rosalen@fop.unicamp.br

Dear Dr Pedro L Rosalen,

Your submission entitled "Subantimicrobial dose of doxycycline in
periodontal disease: Immunological, Histological and Microbiological
Aspects." has been received by journal European Journal of Pharmacology

You will be able to check on the progress of your paper by logging on to
Elsevier Editorial System as an author. The URL is
http://ees.elsevier.com/ejp/.

Your manuscript will be given a reference number once an Editor has been
assigned.

Thank you for submitting your work to this journal.
Kind regards,

European Journal of Pharmacology

kkkkkkkkhhkkkkhkhkhkhkkkhkkkkkkhkkhkhhkkkkkkkkkkkk

For any technical queries about using EES, please contact Elsevier Author
Support at authorsupport@elsevier.com

Global telephone support is available 24/7:

For The Americas: +1 888 834 7287 (toll-free for US & Canadian customers)
For Asia & Pacific: +81 3 5561 5032

For Europe & rest of the world: +353 61 709190

For further assistance, please visit our customer support site at
http://support.elsevier.com. Here you can search for solutions on a range
of topics, find answers to frequently asked questions and learn more about
EES via interactive tutorials. You will also find our 24/7 support contact
details should you need any further assistance from one of our customer
support representatives..
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ANEXO 4: Comprovante de corregcdoo da Lingua Inglesa presente no

Capitulo 1.

Campinas, April 11, 2012.

European Journal of Pharmacology

Dear Editors

This is to certify that the paper: "Subantimicrobial Dose of Doxycycline in
Periodontal Disease: Immunological, Histological and Microbiological Aspects"
has been duly reviewed by language professionals.
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Redator de Textos Tgcmcos
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CGU = UNIGAMP
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