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Resumo

RESUMO

Doxiciclina (Dox) ¢ um antimicrobiano pertencente a familia das tetraciclinas com um
amplo espectro de agdo contra bactérias Gram-positivas e Gram-negativas. Além de suas
propriedades antimicrobianas, Dox ¢ atualmente empregada na periodontia como um
modulador da resposta do hospedeiro (MRH), ao inibir a atividade da enzima
metaloproteinase de matriz (MMP), a qual estd relacionada ao processo de destruigdo
tecidual. Neste contexto, este trabalho teve os seguintes objetivos: 1-determinar os
parametros farmacocinéticos e integrar os indices PK/PD da Dox para o plasma, fluido
gengival (FG) e saliva; 2-analisar os efeitos in vitro e in vivo da Dox sobre a
osteoclastogénese com a finalidade de elucidar possiveis propriedades bioldgicas adicionais
deste farmaco como MRH. Para a analise farmacocinética, 12 voluntarios receberam dose
oral unica de 100 mg de Dox. Sangue, FG e saliva foram coletados em tempos pré-
determinados e a concentracdo da Dox nestes fluidos foi determinada por bioensaio. A
analise dos principais indices PK/PD da Dox foi realizada considerando o CIM para P.
gingivalis. Para o segundo objetivo, o efeito da Dox sobre os processos de diferenciacao e
ativagiio osteoclastica foi verificado, respectivamente, pela contagem de células TRAP"
multinucleadas geradas a partir de células precursoras estimuladas com sRANKL na
presenga ou auséncia de Dox e pela andlise das lacunas de reabsor¢do formadas por estas
células, quando cultivadas sobre discos de dentina. In vivo, o efeito da Dox sobre a
osteoclastogénese foi determinado através da inducdo deste processo em calvaria de
camundongo. Solu¢do de sSRANKL/LPS foi injetada na regido da calvaria e os animais
receberam, por gavagem, Dox ou placebo diariamente. Apos 10 dias, a calvaria foi
removida para analise histoquimica. Em acréscimo, a atividade da Dox sobre a expressao
de genes responsaveis pelos processos de diferenciagdo e ativagdo osteoclastica foi
analisada por RT-PCR. Durante os experimentos in vitro € in vivo, a producdo e atividade
da MMP foram verificadas através de Western-blot e Zimograma respectivamente. Os
resultados demonstraram que as maiores concentracdes de Dox foram observadas no
plasma, seguido pelo FG e saliva. A analise dos indices PK/PD da Dox indicou que a dose

de 100 mg foi insuficiente para se obter os valores ideais antimicrobianos preconizados na
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literatura para os parametros ASC/CIM e Cp,/CIM. Os experimentos in vitro € in vivo
sobre o efeito da Dox como MRH demonstraram que este farmaco inibiu os processos de
diferenciagdo e ativacdo dos osteoclastos. Dox também modulou a expressdo de proteinas
diretamente relacionadas a osteoclastogénese, incluindo TRAP, Catepsina K e c-Myec.
Finalmente, embora a sintese da MMP nao tenha sido afetada, a atividade da MMP foi
reduzida na presenga de Dox. Portanto, os resultados do presente estudo sugerem que uma
dose inicial maior do que 100 mg ¢ necessdria para alcangar o valor preconizado para
ASC/CIM e Cmax/CIM, com a finalidade de se obter os melhores resultados clinicos
antimicrobianos. A andalise da Dox como MRH indicou que este firmaco pode atuar neste
processo nao somente pela sua capacidade de inativar a MMP, e sim, por apresentar a
propriedade de inibir a diferenciacdo e ativag¢do osteocléstica, incluindo a modulagdo de sua

expressao génica.

Palavras-chave: Doxiciclina; farmacocinética; osteoclastos; RANKL.



Abstract

ABSTRACT

Doxycycline (Dox), a member of the tetracycline family, is an antimicrobial agent with a
broad-spectrum of activity against Gram-positive and Gram-negative bacteria. In addition
to its antimicrobial properties, Dox is used in the treatment of periodontal diseases as a host
response modulator by inhibiting the activity of an important enzyme, matrix
metalloproteinase (MMP), which is related to the process of tissue destruction. In this
context, this study had the following aims: 1-to determine the pharmacokinetic parameters
of Dox and to integrate the PK/PD indices for plasma, gingival crevicular fluid (GCF) and
saliva; 2-to analyze the effects in vitro and in vivo of Dox on the osteoclastogenesis and on
the osteoclast activation in order to elucidate additional biological properties of Dox on the
host response modulation (HRM). Twelve volunteers received single oral administration of
Dox (100 mg). Blood, GCF and saliva were collected and the concentrations were
measured by bioassay technique. The PK/PD analyses were carried out using the MIC for
P. gingivalis. For the second objective, the effect of Dox on the osteoclast differentiation
and activation processes was determined, respectively, by the counting of TRAP"
multinuclear cells derived from osteoclast precursory cells sSRANKL-stimulated in the
presence or absence of Dox and by the analysis of the resorption areas formed by these
cells when cultured on dentin discs. In vivo, Dox’s effect on the osteoclastogenesis was
verified using the model of osteoclastogenesis induction in mouse calvaria. SRANKL/LPS
was injected in the supra-calvaria area and the animals received Dox or placebo daily by
gavage. After the experimental period of 10 days, the calvariae were removed for
histochemistry analyses. In addition, the effect of Dox on the expression of genes related to
the osteoclast differentiation and activation processes was carried out using RT-PCR
technique. MMP production and activity were ensured during in vitro and in vivo
experiments by Western-blot and Zymography, respectively. The results demonstrated that
Dox achieved the highest concentration in the plasma, following by GCF and saliva.
PK/PD analyses showed that the dose of 100 mg was insufficient to get the antimicrobial
levels indicated in the literature for AUC/MIC and C,./MIC indices. In vitro and in vivo
studies of Dox’s effects on the HRM demonstrated that this drug could inhibit the
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osteoclast differentiation and activation process. Dox also showed an important property of
down-regulation in the expression of proteins directly related to osteoclastogenesis,
including TRAP, Cathepsin K and c-Myc. Finally, although Dox did not affect the
expression of MMP protein, MMP activity was remarkably decreased by Dox. Therefore,
the present study suggests that higher doses than 100 mg would be necessary to obtain
effective antimicrobial levels and the effect of DOX on the HRM can be due to not only by
MMP inhibition but also by the direct effect on RANKL-mediated osteoclast differentiation

and activation, including its gene regulation.

Key words: Doxycycline; pharmacokinetics; osteoclasts; RANKL.
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Introdugdo

1. INTRODUCAO

As doengas periodontais (DP) caracterizam-se como um processo inflamatorio
cronico que acomete os tecidos periodontais, levando a perda progressiva de inser¢do, com
reabsor¢do dssea e migracao apical do epitélio juncional, constituindo-se hoje como uma
das principais causas de perda do elemento dentario (Dumitrescu et al., 2004). O tratamento
mecanico (raspagem e aplainamento radicular) representa ainda hoje a forma mais eficaz
para o controle desta patologia, porém, o reconhecimento de que as DP estdo relacionadas
com um grupo determinado de microrganismos provocou um aumento no interesse do uso
de antimicrobianos como coadjuvante no tratamento destas doengas (Freeman et al., 1992).

A terapia antimicrobiana visa reforgar o tratamento periodontal mecanico e dar
suporte as defesas do hospedeiro, inibindo os microrganismos que permanecem viaveis
apos a terapia convencional. Porém, para que um farmaco seja efetivo no tratamento das
DP, ha a necessidade de niveis terapéuticos adequados no sitio da infec¢do. Atualmente,
apenas alguns antibidticos possuem esta propriedade de se concentrar no fluido gengival
(FG) e na saliva a partir de sua administragdo sistémica, possibilitando assim, a sua
indicagdo na periodontite (Pascale ef al., 1986; Ramberg et al., 2001).

A doxiciclina (CxH»4N,05.H,O) ¢ um antibidtico pertencente ao grupo das
tetraciclinas, produzida a partir de uma cultura mutante de Streptomyces aureofaciens
(Amato Neto, 1994). Este farmaco tornou-se disponivel comercialmente em 1962, sendo
considerado uma tetraciclina de segunda geracao ou de agdo lenta por apresentar meia-vida
mais prolongada, penetragao tecidual mais intensa e maior atividade antimicrobiana (Cunha
et al., 2000).

A doxiciclina (Dox) ¢ um antibidtico de amplo espectro, com atividade contra
microrganismos Gram-positivos e Gram-negativos (Zhanel et al., 2004). Este
antimicrobiano apresenta vantagens sobre os outros membros de seu grupo que incluem:
baixa interferéncia com os alimentos durante o processo de absor¢do, indice reduzido de
efeitos colaterais gastrointestinais e posologia conveniente, a qual favorece a aceitacdo do

tratamento pelo paciente (Barza et al., 1975).
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O mecanismo de ag¢ao da Dox assemelha-se a outras tetraciclinas. Em
concentragdoes adequadas, este antibiotico exerce atividade bacteriostatica por inibir a
sintese protéica ao impedir a ligagdo do t-RNA a subunidade menor do ribossomo
bacteriano - 30S. Em acréscimo, a Dox induz danos na membrana citoplasmatica,
promovendo assim, a perda de nucleotideos e outros componentes celulares (Joshi &
Miller, 1997).

Na atualidade, diferentes métodos vém sendo utilizados na tentativa de
determinar a melhor posologia (dose/freqiiéncia) antimicrobiana a ser empregada na pratica
clinica. De acordo com Van Bambeke & Tulkens (2001), o desenvolvimento de um
esquema posologico efetivo inicia-se com o conhecimento das caracteristicas quimicas da
molécula e culmina com a avaliagdo de sua atividade microbioldgica e entendimento de
suas propriedades farmacocinéticas (informagdes referentes aos processos de absorcao,
distribuicdo, metabolizagdo e excre¢do) e farmacodindmicas (dados sobre os provaveis
mecanismos de acdo e conhecimento da concentracdo inibitéria minima — CIM dos
patogenos envolvidos).

Neste contexto, diferentes autores preconizam a utilizacdo de indices que
correlacionam as propriedades farmacocinéticas (PK) e farmacodindmicas (PD) com a
finalidade de aperfeicoar a posologia destes farmacos, obtendo assim, as melhores taxas de
erradicagdo bacteriana com os menores niveis de resisténcia (Jacobs, 2001; Frimodt-Moller,
2002).

Dentre os principais indices que relacionam PK/PD dos agentes
antimicrobianos, destacam-se a relacdao entre a area sob a curva e a CIM (ASC/CIM), e a
concentragdo maxima e a CIM (Cp,/CIM) para os farmacos concentragdo-dependentes.
Para os farmacos tempo-dependentes, o tempo em que a concentragdo excede o valor de
CIM (T>CIM) constitui-se como o principal parametro a ser estudado (Barger et al., 2003).

Além do aspecto microbiano, estudos atuais na area de Periodontia tém-se
dirigido a elucidacdo do exato mecanismo da reabsor¢ao dssea que ocorre na evolucdo das
DP. Isto se deve ao fato de que embora a placa bacteriana seja considerada como o agente
etiologico necessario para o inicio da DP e subseqiiente degradacdo dos tecidos

periodontais, a direta exposi¢do aos componentes bacterianos isoladamente ¢ responsavel
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apenas por uma propor¢do relativamente pequena da destruicdo periodontal
(aproximadamente 20%). O maior componente da degradacao das estruturas periodontais ¢
o resultado da ativagdo da resposta imuno-inflamatoria local do proprio hospedeiro (Salvi
and Lang, 2005).

O tecido 6sseo ¢ formado por células (osteoblastos e osteoclastos), minerais
(calcio e fosforo) e matriz organica (proteinas coldgenas e ndo-colagenas). Os osteoblastos
sintetizam e mineralizam a matriz protéica com cristais de hidroxiapatita, enquanto os
osteoclastos promovem a reabsor¢do Ossea, mantendo assim uma constante remodelacao
tecidual (Wittrant et al., 2003). Porém, diante de certos quadros patologicos, ha um
desequilibrio em favor da reabsorcdo Ossea, ocasionando assim a perda de sua matriz
(Gravallese et al., 2001).

Recentemente, uma nova proteina da familia do Fator de Necrose Tumoral
(TNF) denominada Ligante do Receptor Ativador do Fator NF-Kappa B (RANKL) tem
sido relacionada com o processo de reabsor¢ao 6ssea (Wittrant et al., 2003). RANKL ¢ uma
proteina de 317 aminoécidos, expressada por osteoblastos e células do estroma (Feng,
2005). A interacdo de RANKL ao Receptor Ativador do Fator NF-Kappa B (RANK),
presente nos osteoclastos e em seus precursores celulares, promovem a ativagdo de
sinalizadores intracelulares, tais como, o Fator Nuclear de célula T ativada (NFAT),
Ca**/Calcineurin, NF-Kappa B e proteinas cinases ativadas por mitogenos (MAPK),
induzindo assim, os processos de diferenciacdo e ativacdo dos osteoclastos (Jimi & Glosh,
2005).

De acordo com Teitelbaum er al. (2000), os osteoclastos sdo células
multinucleadas, formadas pela fusdo de progenitores mononucleares da familia dos
mondcitos/macrofagos, sendo que a sua atividade pode ser avaliada por marcadores
bioquimicos especificos. Um marcador cléssico ¢ representado pela Fosfatase Acida
Tartarato-Resistente (TRAP). TRAP ¢ uma enzima lisossomica, que quando sintetizada
pelos osteoclastos reflete a sua atividade, sendo estes denominados TRAP-Positivos
(TRAP") (Feng et al. 2005).

Além deste papel de marcador biologico, a TRAP possui também uma

importante fun¢do no processo de reabsor¢ao 6ssea, devido a principal proteina da matriz
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Ossea, a osteonectina, constituir-se como um substrato para TRAP, e portanto, promovendo
a degradagdo catabodlica da matriz 6ssea (Oddie et al., 2000). Ek-Rylander et al. (1994)
acrescentam que a TRAP também exerce uma atividade reguladora da adesdo dos
osteoclastos a superficie dssea.

Outras importantes proteinas relacionadas com o processo de reabsor¢ao Ossea
sdo representadas pela metaloproteinase de matriz (MMP) e pela Catepsina K. Esta ultima ¢
responsavel pela degradacdo dos cristais de hidroxiapatita, resultando na exposi¢do do
coldgeno da matriz 6ssea. MMP compreende uma familia de endopeptidases com atividade
proteolitica, a qual pode liderar a destrui¢do do tecido periodontal através da degradagdo do
colageno presente no tecido 6sseo e gengival (Kadoglou & Liapis, 2004). Dentre as
diferentes MMPs, a MMP-9 destaca-se por constituir-se como uma das mais abundantes no
fluido gengival e por desempenhar um importante papel na atividade invasiva dos
osteoclastos em pacientes com periodontite (Preshaw et al., 2005).

Com estes conhecimentos, uma nova alternativa teraputica vem sendo
proposta na tentativa de controlar a progressao da DP, representada pelo processo de
reabsorcdo Ossea. Este “novo” grupo de farmacos foi denominado de moduladores da
resposta do hospedeiro (Salvi & Lang, 2005). Neste contexto, Golub et al. (2001) destacam
o uso da Dox em doses sub-antimicrobianas no controle da perda dssea alveolar, ao inibir a
atividade da MMP e, consequentemente, a degradacdo do coladgeno.

Portanto, em decorréncia da atividade da Dox sobre a microbiota periodontal,
mas, principalmente de sua propriedade na modulagdo da perda 6ssea alveolar através da
inibicdlo da MMP, este farmaco vem se destacando atualmente como coadjuvante no
tratamento periodontal, especialmente na periodontite cronica (Emingil et al., 2004; Lee et
al., 2004; Novak et al., 2002).

Sendo assim, para um correto emprego da Dox na pratica periodontal, torna-se
necessario um  conhecimento prévio das propriedades farmacocinéticas e
farmacodinamicas. Porém, a literatura indexada atual ¢ escassa em trabalhos que
correlacionam estes dois parametros (PK/PD) para este farmaco. Em acréscimo, embora o
efeito da Dox na modulagdo da perda éssea seja atribuido principalmente a sua atividade de

inibicdo da MMP, o exato mecanismo de a¢ao da Dox sobre os processos de diferenciagao
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e ativacao dos osteoclastos permanece ainda desconhecido. Portanto, este trabalho teve os
seguintes objetivos: 1. Determinar os parametros farmacocinéticos e integrar os indices
PK/PD da doxiciclina para o plasma, fluido gengival e saliva apds administragdo oral de
100 mg em 12 voluntarios portadores de doenga periodontal, otimizando assim, a sua
posologia no tratamento das doencas periodontais; 2. Elucidar o efeito da Dox sobre os
processos de diferenciagdo e ativacdo de osteoclastos mediada por RANKL, objetivando
elucidar possiveis propriedades biologicas deste farmaco na modulacdo da resposta do

hospedeiro em processos de destrui¢ao dssea.
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2. CAPITULOS

Esta tese estd baseada na Informagcdo CCPG/002/06 (Anexo 1) e na aprovagao
pela Congregagdo da Faculdade de Odontologia de Piracicaba em sua 105" Reunido
Ordinaria em 17/12/2003, que regulamenta o formato alternativo para tese de Doutorado e
permite a inser¢ao de artigos cientificos de autoria do candidato.

Assim sendo, esta tese ¢ composta de dois capitulos contendo artigos que se
encontram em fase de submissdo ou submetidos para publicacdo em revistas cientificas,

conforme descrito a seguir:

Capitulo 1

Artigo “Pharmacokinetics and PK/PD of doxycycline in plasma, gingival
crevicular fluid and saliva after single oral dose”

Este artigo estd em fase de submissdo ao periddico: Journal Clinical of

Periodontology.

Capitulo 2
Artigo “Suppression of RANKL-mediated bone resorption by doxycycline”

Este artigo estd submetido ao periddico: Bone (Anexo 4).
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Abstract

The aim of this study was to investigate the pharmacokinetics (PK) and pharmacodynamics
(PD) indices of doxycycline (Dox) in plasma, gingival crevicular fluid (GCF) and saliva in
patients with periodontal disease. A single 100 mg oral dose of Dox was administered to 12
volunteers of both genders (6 males and 6 females). Plasma, GCF and saliva were collected
from pre-dose to 24 h. Dox concentration was quantified by a bioassay technique and PK
parameters (Cmax; Tmaxs Ti12; AUCoa24; AUCjo; Vd and Cl) were determined. PK/PD
indices (T>MIC; AUC/MIC and C,x/MIC) were estimated for P. gingivalis. The highest
Dox concentration (Cpay) in plasma, GCF and saliva were 1.8 pg/mL at 2 h, 1.3 pg/mL at 2
h and 0.4 pg/mL at 3 h, respectively. Dox also showed high volume of distribution (VD)
indicating that Dox was able to penetrate into biological membranes and body tissues.
Elimination half-life (T;;) was 15.5 h in plasma, 21.2 h in GCF and 20.6 h in saliva. The
Cinax/MIC and AUC/MIC ratios for P. gingivalis (considering a 0.25 ug/mL MIC) were 7.2
and 86.8 h for plasma, 5.2 and 70.8 h for GCF, and 1.6 and 20 h for saliva, respectively.
These results suggest that it could be necessary higher doses than 100 mg to obtain

effective antimicrobial levels considering a 12 or 24 h dose interval.

Keywords: Doxycyline; pharmacokinetic; pharmacodynamic; periodontal disease.
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Introduction

A successful periodontitis therapy requires a reduction in the number of
bacteria responsible for periodontal infections (Kim er al., 2004). In this context,
systemically administered antibiotics, such as doxycycline (a semi-synthetic tetracycline),
have been widely used as adjuncts to the treatment of different forms of periodontitis (Feres
et al., 1999; Needleman et al., 2001; Ramberg et al., 2001).

Doxycycline (Dox) is a broad-spectrum antibiotic with activity against a wide
range of gram-positive and gram-negative microorganisms (Zhanel et al., 2004). Dox
shows several advantages over other tetracyclines, which include lower dosage and
frequency, prolonged serum half-life, less effect of food during absorption and decreased
gastrointestinal adverse-effects (Barza et al., 1975).

Dox has a similar mechanism of action when compared with other tetracyclines.
At clinical concentrations, Dox is bacteriostatic and inhibits the protein synthesis by
binding to the 30S portion of bacterial ribosomes. This action blocks the entry of
aminoacyl-transfer-RNA into the ribosome preventing the incorporation of amino acids into
the peptide chains (Joshi & Miller, 1997).

In addition to its antimicrobial properties, Dox has shown the ability to inhibit a
group of enzymes called matrix metalloproteinases (MMPs) which are involved in soft- and
hard-tissue destruction during pathological processes such as periodontitis, osteoarthritis
and other diseases (Axisa et al., 2000).

However, before selecting a drug for therapeutical use, the knowledge of its
pharmacokinetic (PK) and pharmacodynamic (PD) properties is very important in clinical
practice. This knowledge is necessary to achieve the beneficial effects with minimal
adverse effects (Freeman et al., 1992; Cheymol, 2000).

The PK characteristics are useful to determine and to understand how
pharmacokinetics parameters, such as absorption, distribution, metabolization, and
excretion, affect the drug regimen and its clinical use. The efficacy and adverse effects are
also directly PK dependent, which consequently affect the drug acceptance by patients
(Patsalos, 2004).
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The PD parameters include the knowledge of the spectrum of activity, potency,
the minimum inhibitory concentration (MIC), and the influence of time/concentration on
drug effect (Frimodt-Moller, 2002).

The integration of PK and PD indices (PK/PD) has been studied in order to
optimize the effect of many antibiotics in vivo (Van Bambeke & Tulkens, 2001; Mouton,
2002). The most PK/PD indices used to determine efficacy of “concentration-dependent”
antibiotics are the ratio between the peak of blood (or other fluids) concentration and MIC
(Cmax/MIC); and the ratio between areca under concentration-time curve and MIC
(AUC/MIC). In addition, the cumulative percentage of time (over a 24 h period) in which
the drug concentration exceeds the MIC (T>MIC) is the most used PK/PD index for “time-
dependent” antibiotics (Barger et al., 2003).

Nowadays, information on PK/PD for Dox is scarce in the literature. Therefore,
the aim of the present study was to investigate the PK/PD indices of Dox in plasma, GCF

and saliva in patients with periodontal disease.

Material and Methods
The protocol was approved by the ethical on research committee
(FOP/UNICAMP, protocol #128/2004). All subjects provided written informed consent

before their participation on study.

Subject population

The study population consisted of twelve healthy volunteers (6 male and 6
female), ranging in age from 20 to 48 years (32.4 + 8.97 years), weight from 50 to 84 kg
(62.5 + 10.88 kg) and height from 1.54 to 1.71 m (1.64 + 0.06 m). The subjects did not
present any disease except for at least two periodontal pockets > 4 mm with attachment
loss. The volunteers had not received neither systemic antibiotics within the last three

months nor any other medication during the two weeks that preceded the study.

10
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Antibiotic administration and clinical protocol

Single oral dose of Dox (Vibramicina® - 100 mg) was administered to the
volunteers in approximately 10 h of fasting conditions.

Blood samples were collected via heparinized cannula at the following times:
pre-dose, 0.5, 1, 2, 3, 4, 6, 8, 12 and 24 hours after Dox administration. Heparinized normal
saline injection solution (1 mL) was flushed after each blood sampling. Samples were
collected in a centrifuge sterile tube containing 10 % EDTA solution. Non-stimulated
whole saliva (£ 2 mL) was collect at the same periods of time. Blood and saliva samples
were centrifuged (3000 rpm x 15 min) and the supernatants were stored at -70°C until the
analyses.

The gingival crevice fluid (GCF) was collected as described by Tenenbaum et
al. (1993). Briefly, before the gingival fluid was sampled, cotton rolls were applied to
prevent contamination of the sampling area with other oral fluids. The sample sites were
gently dried and a standard filter paper (Periopaper, Oralflow Inc., Painview, NY, USA)
were placed subgingivally for 30 seconds. The first GCF sample was discharged. Samples
were obtained in duplicate at the same blood collection periods of time. All collected
samples were stored in previous weighed eppendorf tubes. The volume of GCF was
estimated by the difference between the weight of strips before and after fluid collection by
using an analytical microbalance. The density of the GCF was considered 1.02 (Needleman

et al.,2001). The samples were stored at -70°C until the analyses.

Sample analyses (bioassay)

A sensitive agar diffusion method, which is frequently used to measure small
volumes of antibiotics, was carried out in order to determine the concentration of Dox in
plasma, GCF and saliva (Gordon et al., 1981; Freeman et al., 1992; Sakellari et al., 2000).

A strain of Bacillus cereus (ATCC11778) was incubated aerobically for 24
hours at 37°C. After this time, the broth was adjusted to an optical density of 0.15 at 550
nm (approximately 10® cfu/mL) and seed in 150 mm plastic Petri dishes containing tryptic

soy agar (TSA).

11
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Sterilized stainless steel cylinders (Smm-diameter) with 60 pl samples (plasma
or saliva) were placed in the Petri dishes previously seeded with B. cereus and then
incubated at 37°C for 16 hours. A calibration curve was obtained by known amounts of
Dox (0.125, 0.25, 0.5, 1.0, 2.0 and 4.0 ug/mL) on antibiotic-free plasma or saliva by using
the same technique described above. This calibration curve was used to calculate the
plasmatic and salivary Dox concentrations on the samples.

The concentration of Dox in the GCF was calculated according to Pascale et al.,
(1986). Briefly, standard curves were plotted by using the inhibition area surrounding the
Periopaper and known absolute amounts of antibiotics (0.5, 1, 2, 4 and 10 pg). The
concentration was calculated by the proportion between absolute amount of Dox and the

GCF volume on each Periopaper.

Pharmacokinetics and statistical analysis

In this study, the following Dox PK-parameters were obtained:
- Cmax: the highest concentration observed during the 24-hour study period;
- Thax: the time at which C,,.x occurred;
- Tys: half-life elimination. The time required for the amount of a substance in a biological
system to be reduced to one half of its value by biological processes.
- AUC.»4: the area under the concentration-time curve from baseline to 24 h;
- AUCO-o0: the area under the concentration-time curve from baseline to 24 h plus the
residual area;
- CL: clearance;
- VD: volume of distribution.

These parameters were determined by using a computer software (PK
Solutions, Non-compartmental Pharmacokinetics Data Analysis Excel Template, 2001,
Summit Research Services, Montrose, CO, USA).

In order to study the Dox PK/PD indices, it was considered a MIC value of 0.25

pg/mL of P. gingivalis, which is one of the most common pathogens for periodontal disease

12
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(Chang et al., 1994; Nichols & Rojanasomsith, 2006). The following PK/PD indices were
obtained (Toutain et al., 2002; Barger et al., 2003):

- Cmax/MIC: the peak level divided by the MIC;

- AUC24/MIC: the area under the concentration-time curve over 24 h divided by the MIC;
- T>MIC: the time over a 24 h period in that the drug concentration exceeds the MIC. It is
obtained by simple inspection of the simulated curve and generally expressed as a
percentage of the dosage interval.

The Figure 1 represents a scheme of the mainly PK/PD indices.

C,o/MIC

Concentration

AUC/MIC N

v

Time

Figure 1. A representative scheme of the mainly PK/PD indices used in the therapeutics

(Cumax/MIC; AUC/MIC and T>MIC).

Results
Dox PK in plasma, GCF and saliva

The bioassay method was sensitive to quantify Dox in plasma (limit of
quantification=0.125 pg/mL, R*=0.991); GCF (limit of quantification=0.5 pg, R*=0.986);
and saliva (limit of quantification=0.125 pg/mL, R*=0.993). Antimicrobial activity was not
detected in any of the samples of baseline time (pre-dose). The mean (= SD) of plasma,

GCF and saliva are shown in Table 1 and illustrated in Figure 2.

13



Capitulo 1

Table 1. Average concentration (= SD) in plasma, GCF and saliva following administration

of a single 100 mg oral dose of Dox (12 volunteers).

Time (h) Plasma (ug/mL)  GCF (pg/mL) Saliva (ug/mL)
0 0.000 (£ 0.00) 0.000 (+ 0.00) 0.000 (= 0.00)
0.5 0.841 (£ 0.57) 0.096 (£0.11) 0.094 (£ 0.08)
1 1.293 (£ 0.68) 0.642 (£ 0.51) 0.218 (£0.10)
2 1.772 (= 0.90) 1.337 (£ 0.94) 0.352 (£0.10)
3 1.405 (£ 0.49) 1.066 (£ 0.55) 0.365 (£0.13)
4 1.140 (= 0.41) 1.001 (= 0.36) 0.272 (£ 0.10)
6 1.135 (£ 0.47) 1.032 (£ 0.48) 0.269 (£0.13)
8 0.968 (£ 0.38) 0.972 (£ 0.46) 0.239 (£ 0.07)
12 0.890 (£ 0.31) 0.692 (£ 0.32) 0.197 (£ 0.06)
24 0.520 (= 0.19) 0.467 (£ 0.25) 0.132 (£ 0.07)
2.000 -
—e— Plasma
- 1.600 - —— Gingival Fluid
E —a—Saliva
? 1.200 -
:
0.800 -
g 0.400 -
0.000 : : : : ‘
0 4 8 12 16 20 24
Time (h)

Figure 2. Concentration-time curve of Dox in plasma, GCF and saliva obtained from 12
volunteers after single oral administration (100 mg).

Dox was found 30 minutes following oral administration in all body fluid
analyzed. Cp.x was achieved in plasma (1.8 pg/mL) after 2 hours, GCF (1.3 pg/mL) after 2
hours and saliva (0.4 pg/mL) after 3 h.

14
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Dox also showed a high VD, indicating the likelihood of good penetration of
biological membranes and tissue distribution. The Dox PK-parameters in the different body

fluids are presented in Table 2.

Table 2. Dox PK-parameters in plasma, GCF and saliva after single 100 mg oral

administration (12 volunteers).

Thax Conax Ty Cl Vvd AUCj.4 AUCy.
(h) (ng/mL) (h) (L/h/70kg)  (L/70kg)  (ugh/mL)  (ug.h/mL)
Plasma 2.0 1.8 15.5 34 75.1 21.7 33.3
GCF 2.0 1.3 21.2 35 106.9 17.7 32.1
Saliva 3.0 04 20.6 12.6 375.0 5.0 8.9
PK/PD indices

Plasma showed the highest values for all PK/PD indices. Cpax/MIC and

AUC/MIC ratios were 7.2 and 86.8, respectively considering plasma; 5.2 and 70.8,
respectively considering GCF; and 1.6 and 20, respectively considering saliva.

The time in that concentration of Dox in plasma, GCF and saliva exceeded the

P. gingivalis MIC (T>MIC) were approximately 98%, 96% and 25%, respectively.

Discussion

The knowledge of the PK/PD properties is important to select the correct dose
and dosage regimen. It is also important to minimize the risk to develop microbial
resistance during the treatment (Bonapace, 2002; Frimodt-Moller, 2002).

Dox is readily and almost completely absorbed (95%) from the gastro-intestinal
tract (Cunha, 1999). In the present study, Dox showed a relative high half-life and VD
values in the three compartments studied. According to Joshi & Miller (1997), this relative

high VD of Dox could be explained by its lipophilic nature allowing an excellent tissue
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penetration. In addition, Dox is a well-known time-dependent antibiotic that produces
moderate to prolonged post-antibiotic effect (PAE) against the majority of susceptible
microorganisms (Van Bambeke & Tulkens, 2001; Craig, 2003). Therefore, the Dox time
intervals could be significantly enlarged when compared to other antibiotics with little or
no PAE. These data together indicate that it is possible to maintain effective antimicrobial
levels during a long period and, thus, even once-daily administration could be very
acceptable.

Although Dox is considered time-dependent antibiotic, it has been shown that
the T>MIC parameter is not that important due to its PAE and PK properties. Thus, the
goal of therapy considering Dox is to optimize the amount of drug, being the AUC/MIC
index more important to determine its efficacy.

In general, the PK/PD ratios has been considered as 100 to 125 h for AUC/MIC
and 8 to 12 for C,,/MIC considering concentration-dependent antibiotics and 60% for
T>MIC considering time-dependent antibiotics (Mouton, 2002; Barger et al., 2003). The
present study indicated that the oral administration of 100 mg of Dox was satisfactory for
T>MIC parameter in both plasma and GCF but the values of AUC/MIC and Ciax/MIC
were lower than those indicated in the literature (100 — 125 for AUC/MIC and 8 to 12 for
CinaxMIC) for all compartment studied. Thus, in order to improve these indices, an initial
dose higher than 100 mg should be used. This procedure could increase the Dox
concentration in the body fluids and consequently the AUC and Cp,x values. There are very
few side effects attributed to Dox and an increase on the clinical dose could be safe.

A previous study showed a higher concentration of Dox in GCF than plasma
(Pascale et al., 1986). However, in the present study, we found plasma levels 40% higher
than GCF levels. Probably, this difference occurred because we used a single
administration rather than multiple administrations. According to Golub et al. (1994), Dox
is able to bind to the dental-root surface, favoring its slow release, while it keeps the
antimicrobial activity, and therefore, it could maintain increased GCF concentrations,
especially after multiple doses. However, we could not find in the present study higher
levels of Dox in GCF in comparison to plasma. Probably, the methodology used to collect

the GCF could be responsible for these differences.

16



Capitulo 1

Sakellari et al. (2000) observed that this high GCF levels could be related to
methodology errors. Many studies used long sampling times (2 minutes or more) and, in
this case, it is possible that the samples could have concentrated on the filter paper strips by
evaporation. In order to minimize this effect, the GCF samples in the present study were
collected in just 30 seconds. This sampling short time was shown to be adequate to collect
sufficient fluid for the PK analyses by bioassay method and it minimized the evaporation
since the strips were kept on sealed mini tubes.

In conclusion, the present study suggests that it could be necessary higher doses

than 100 mg to improve the antimicrobial clinical outcomes considering AUC/MIC index.
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Abstract

Inflammatory bone resorption occurs in the context of chronic infectious diseases, such as
periodontal disease, septic arthritis and osteomyelitis. In such infectious bone loss lesions,
receptor activator of NF-kappaB ligand (RANKL) plays a key role in the induction of
osteoclast differentiation and activation. In the present study, we found that doxycycline
(Dox), a semi-synthetic tetracycline antibiotic, was able to suppress RANKL-mediated
bone resorption, both in vitro and in vivo. Dox inhibited RANKL-mediated osteoclast
differentiation from both RAW264.7 cells and mouse bone marrow cells. Dox also
inhibited matrix metalloproteinase-9 (MMP-9) activity in RANKL-stimulated RAW264.7
cells, while the total protein level of MMP-9 up-regulated by RANKL stimulation was not
affected by the presence of Dox. Importantly, systemic Dox administration did not alter the
viability of RAW264.7 cells as well as bone marrow cells, irrespective of RANKL
stimulation, indicating that the reduction of osteoclastogenesis was not due to the loss of
cell number as a result of Dox toxicity. Dox did not affect the RANKL-mediated
phosphorylation of p38-, ERK- or JNK-Mitogen-Activated Protein Kinase (MAPK), key
signal transduction molecules in osteoclast differentiation and activation. Focused DNA
array and RT-PCR analyses revealed that Dox suppresses the mRNA expression of
osteoclast differentiation/activation c-Myc promoter. Systemic Dox administration also
suppressed in vivo induction of TRAP-positive osteoclasts, which were induced in calvaria
tissues by sRANKL/LPS injection, without affecting systemic bone mineral density
(BMD). The suppression function of Dox on MMP-9 enzyme activity has been previously
demonstrated. More important to the present study, however, the results noted above
indicated that Dox also suppresses RANKL-mediated bone resorption by interrupting the
induction of osteoclast differentiation in association with the inhibition of mRNA
expression for c-Myc, TRAP and cathepsin K. In conclusion, the present study indicated
that the efficacy of Dox in the amelioration of inflammatory bone loss lesion seems to
involve novel bio-effects of Dox which inhibit RANKL-mediated osteoclastogenesis, in

addition to its previously known effects as an antibiotic and as an MMP suppressor.

Keywords: Doxycycline therapeutics, RANKL, Osteoclasts, MMP-9, c-Myc.
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Introduction

Bone resorption is facilitated by osteoclasts, multinucleated giant cells, which
are derived from mononuclear precursor cells present in bone marrow. These cells not only
play an important role in the maintenance of homeostatic bone remodeling, but they also
cause pathological bone loss in several diseases, including rheumatoid arthritis,
osteomyelitis, periodontal disease and postmenopausal osteoporosis (9, 39).

Differentiation and activation of osteoclast cells depend on the stimulation of
osteoclast precursor cells with receptor activator of nuclear factor ligand (RANKL) and its
permissive cytokine M-CSF (2). RANKL is a member of the tumor necrosis factor family
and is expressed by osteoblast/stromal cells, as well as by activated lymphocytes (2, 14, 32,
37, 38), under regulation of a complex system of co-stimulatory signals generated by other
cell surface receptors (16). In addition to RANKL, tumor necrosis factor alpha (TNF-a)
was also found to stimulate osteoclastogenesis in an RANKL-dependent or -independent
manner (15, 18).

Host-derived enzymes regulate the remodeling of extracellular matrix proteins
which are important components in both soft tissue and bone. A group of enzymes, called
matrix metalloproteinases (MMPs), is intimately involved in the degradation of
extracellular matrixes, and 26 enzymes are currently known to belong to the MMP family
(22). The importance of MMPs, especially MMP-9 (gelatinase B), derives from their
involvement in the physiologic and pathologic decomposition of hard tissue, particularly
bone, which is composed of both extracellular matrix proteins and calcified mineral
compounds. Originally, MMP-9 was found to be secreted by macrophages and neutrophils,
as these cells migrate towards the inflamed tissues by a process of degrading the matrix
components in the basal membrane (6). Later, MMP-9 was demonstrated to be involved in
the invasive activity of osteoclasts by causing the degradation of extracellular matrix
collagens (12, 29, 43). It is true that MMP-9 (gelatinase B) is recognized as the most
abundant gelatinolytic MMP in mature osteoclasts (25, 44). However, in spite of previously
accumulated knowledge, the specific mechanism underlying matrix metalloproteinase

inhibitors (MMPIs)-mediated inhibition of bone resorption is yet to be elucidated,
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specifically whether MMPIs inhibit bone loss solely by suppressing the MMP activities
without affecting the differentiation or activation of osteoclasts.

MMPIs can inhibit alveolar bone loss induced by local LPS injection in a rat
model of experimental periodontal disease (24). Among clinically applied MMPIs, the use
of doxycycline (Dox), a semi-synthetic tetracycline antibiotic, has been growing in clinical
practice for a range of diseases (28). This essentially results from its robust inhibitory
effects on MMPs, especially MMP-9 (26, 30). Based on the clinical efficacy of Dox, as
demonstrated in its effects on rheumatoid arthritis and periodontal disease, which both
involve inflammatory bone loss, the non-antimicrobial effects of Dox and its derivatives are
therefore indicated as having anti-inflammatory action that involves inhibition of MMPs (8,
28). The inhibitory effect of Dox on bone loss has been attributed to its ability to inhibit
MMP-9 activity and to possibly suppress osteoclast differentiation (8, 27). Still, the precise
mechanism underlying Dox-mediated bone loss inhibition is unclear. Most importantly,
although it has become apparent that RANKL plays a key role in the induction of osteoclast
differentiation and activation of mature osteoclasts, the effects of Dox on the RANKL-
dependent osteoclast differentiation mechanism are totally unknown. To address these
questions, the present study investigated the influences of Dox on RANKL-mediated

osteoclastogenesis, both in vitro and in vivo, that result in bone resorption.

Materials and Methods
Antibiotics
Doxycycline (Dox), Amoxicillin (Amo), Vancomycin (Van), Bacitracin (Bac),

Spectinomycin (Spc) and Gentamicin (Gen) used in this study were purchased from Sigma-

Aldrich Corp., St. Louis, MO, USA.

In vitro osteoclast differentiation and cellular viability assays
A murine macrophage cell line (RAW264.7) (5)(103 cells/well) and BALB/c
mouse bone marrow cells (2x10° cells/well) were stimulated with 50 ng/ml of soluble

RANKL (sRANKL, mouse recombinant, PeproTech Inc., Rocky Hill, NJ, USA) in a-MEM
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supplemented with 15% Fetal bovine serum (FBS) and containing 100 units/ml penicillin
and 10 ug/ml streptomycin (a-MEM complete medium). For the bone marrow culture, M-
CSF (10 ng/ml, PeproTech) was supplemented with SRANKL. The following antibiotics
were additionally applied to this a-MEM complete medium: Dox (0.2 and 2 pg/mL); Amo
(0.5 and 5 pg/mL); Van (2 and 20 pg/mL); Bac (0.2 and 2 pg/mL); Spc (10 and 100 pg/mL)
and Gen (0.5 and 5 pg/mL). The cells were incubated for 6 days at 37°C in 5% CO,
atmosphere. The half volume of culture supernatant was replaced with fresh medium
containing SRANKL (and M-CSF for bone marrow), in the presence or absence of
antibiotics, every three days. After the appropriate incubation time (RAW264.7 cells - 6
days; bone marrow cells - 8 days), the medium and nonadherent cells were removed by
rinsing with phosphate buffered saline solution (PBS). The remaining cells in each well
were fixed with formaldehyde saline and subsequently stained by tartrate-resistant acid
phosphatase (TRAP-staining assay) (13, 14, 40). Osteoclast-like cells with three or more
nuclei were identified as TRAP-positive (TRAP") cells.

In addition, the effect of antibiotics on the viability of RAW264.7 cells and
bone marrow cells was measured using 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl-
tetrazolium bromide (MTT) assay. After incubation of cultured cells in 96-well culture
plates with MTT for 4 hours, the blue formazan that developed in the viable cells was
dissolved by isopropanol, and the intensity of dissolved blue formazan was measured using
(OD at 575 nm). The production of formazan from the treated and control (non-treated)

cells was then compared.

Pit formation assay

In order to determine the bone resorption activity by mature osteoclasts, a pit
formation assay was carried out using dentin discs (diameter = 5 mm; ALPCO Diagnostics,
Windham, NH, USA) (16). The RAW264.7 cells (5x10° cell/well) were cultured on dentin
discs in 96-well culture plates for 6 days with SRANKL (50 ng/mL), with or without Dox
(2 pg/mL). The half portion of culture medium was replaced with fresh medium containing

respective additive every three days. After incubation, the cells were removed by washing
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with 10% sodium hypochlorite, and the dentin discs were then stained by a 0.5% Toluidine

Blue solution (14).

Gelatin Zymogram

For the measurement of gelatinase activity, a gelatin zymography was utilized.
The amount of total protein in each sample was measured using Quant-iT™ protein assay
kit (Invitrogen, Carlsbad, CA, USA). Based on the results of Quant-iT™ protein
measurement, an equal amount of sample protein was separated by electrophoresis in 10%
Tris-Glycine zymogram gelatin gel (Invitrogen) under non-reducing conditions. After
renaturing the proteins separated in the gel, the zymogram gel was developed in
Developing Buffer supplied by the manufacturer (Invitrogen). Subsequently, the developed
gelatin gel was stained with colloidal blue stain (Invitrogen), allowing the proteases to be

visualized as clear bands on the gelatin gel.

Western blot analysis

Total proteins were extracted from the cultured cells with lysis buffer-A that
contains 25 mM Tris-HCI, 150 mM NacCl, 5 mM EDTA, 10% glycerol, 1% Triton X-100,
0.1% SDS, 1% NP-40, 1 mM PMSF, protease inhibitor cocktail (Sigma) and phosphatase
inhibitor I and II (Sigma) (10° cells/100 ul of lysis buffer). Insoluble cellular components
were removed by centrifugation at 10,000 x g at 4°C for 20 min. The cell lysates were
further dissolved in SDS-PAGE loading buffer (Invitrogen, Carlsbad, CA, USA) containing
2-mercaptoethanol. After boiling for 10 min, the cell lysates were subjected to SDS-PAGE,
and the proteins separated in the gel were blotted onto a nitrocellulose membrane. After
blocking with 5% skim milk, the membrane was incubated with specific primary antibodies
to MMP-9 (goat polyclonal, Santa Cruz Biotechnology, Inc., Santa Cruz, CA) and to a-
Tubulin (mouse monoclonal, clone B-7, Santa Cruz), followed by incubation with
peroxidase-conjugated rabbit anti-goat IgG and peroxidase-conjugated goat polyclonal anti-
mouse IgG (Sigma), respectively. The bands recognized by the specific antibody were
visualized using the chemiluminecsence-based ECL™ system (Amersham Biosciences,

Piscataway, NJ) and exposed to an X-ray film (Eastman Kodak, Rochester, NY). In order to
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investigate the effect of Dox on mitogen-activated protein kinase (MAPK) signaling
pathways, phosphorylations of p38, ERK and JNK induced in RAW264.7 cells upon

stimulation with sSRANKL were examined using Western blot.

Reverse transcriptase-polymerase chain reaction (RT-PCR)

Total RNA was extracted from cultured cells by using RNA-Bee (TEL-TEST,
Inc., Friendswood, TX). Complementary DNA (cDNA) was synthesized from the freshly
isolated total RNA (100-500 ng) using SuperScript™-II transcriptase (Invitrogen) following
the manufacturer's instructions. The resulting cDNA was reacted and amplified with
specific PCR primers in the presence of Taq polymerase (Hot Start Taq, Qiagen, Valencia,
CA). The primer sequences are as follows: TRAP, 5'-

ACACAGTGATGCTGTGTGGCAACTC and 3'-
CCAGAGGCTTCCACATATATGATGG (26); cathepsin K, 5'-
CTGAAGATGCTTTCCCATATGTGGG and 3'- GCAGGCGTTGTTCTTATTCCGAGC
(26); c-Myc, 5’-ACGTCTCCACTCACCAGCACAACT and 3’-

GCTCCTCCTCGAGTTAGGTCAGTT; pB-actin, 5-GCTTCCTGGGCATGGAATCCTG
and 3'-GGAGGAGCAACAATCTTGATCTTC. The amplified PCR products were
separated by electrophoresis in 1.5% agarose gels. The PCR products in the gels were

visualized by SYBR safe™ (Invitrogen) and scanned using Alphalmager® (San Leandro,

CA).

In vivo bone resorption assay - Induction of osteoclasts in mouse calvaria tissue

In vivo, the effect of Dox on MMP activity and on osteoclastogenesis was
evaluated using mouse calvaria (21). BALB/c mice (6-week-old males — 5 animals/group)
received a supra-calvaria injection (50 pl/site/day) of a combination of SRANKL (5 pg/ml)
and LPS (500 pg/ml), or control PBS, for three consecutive days. The animals were treated
with daily administration of Dox (30 mg/kg), or PBS by gavage, for 10 days. Zymography
and TRAP staining were carried out on the calvaria tissues removed from the killed animals
on Day 10. All experimental procedures using mice were approved by the Institutional

Animal Care and Use Committee (IACUC) at The Forsyth Institute.
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A half portion of calvaria was homogenized in lysis buffer-B (0.1% SDS, 1%
NP-40, 1% Triton X-100, 25 mM Tris and 150 mM NaCl) without protease inhibitors.
After adjusting the concentration of protein using the Quant-iT™ protein assay Kkit, calvaria
tissue homogenates were subjected to gelatin gel zymography and Western blot analyses
for MMP-9 and a-tubulin, as previously described.

The calvariae were fixed and decalcified in 10% EDTA solution for 21 days.
These calvariae were embedded in Tissue-Tek (Sakura, Torrance, CA), and coronal
sections (8 um in thickness) were obtained using a cryostat. The sections were stained for

TRAP, and the nuclei were counter-stained with methyl green.

Measurement of TRAP activity in the calvaria homogenates

The calvaria tissue was homogenized in the lysis buffer-B. The samples and
standard recombinant TRAP were reacted with p-nitro-phenol-phosphate in 150 mM
tartrate buffer (pH 5.5) supplemented with 1 mM MgCl,. After 2 h of incubation at 37°C,
the reaction was stopped by the addition of 2N NaOH. The absorbance at 405 nm was
measured by a spectrophotometer. This assay system only showed specificity to TRAP, but
did not show reactivity to alkaline phosphatase (ALP). Consequently, ALP activity was
determined by the parallel assay using ALP (Sigma) as a control group, which did not show

color development under the conditions described above.

Effect of Dox on bone mineral density (BMD) — in vivo assay

BALB/c mice (8-week-old males, 5 mice/group) were treated with either Dox
(30mg/kg/day in water solution) or with control water for 30 days (p.o. every single day).
Afterwards, the animals were killed, and the measurement of BMD (g/cm?) of whole body
and femur was performed using PIXImus™ bone mineral densitometer (Lunar Corp.,

Madison, WI).
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Statistical analysis
The results were expressed as mean + standard deviations (SD). Statistical
differences between the mean values of control and experimental groups were analyzed by

using ANOVA or Student’s 7 test at a significance level of 5%.

Results
Dox suppressed RANKL-mediated osteoclast differentiation

To examine the effects of Dox on RANKL-mediated osteoclastogenesis,
RAW264.7 cells were stimulated with SRANKL in the presence or absence of different
antibiotics (Figure 1 A). Compared to the number of TRAP" multinuclear cells induced in
the positive control of RAW264.7 cells, which were stimulated with sSRANKL alone, Dox
concentration at both 0.2 and 2 pg/ml significantly reduced the number of TRAP"
multinuclear cells. The other antibiotics, including Amo, Van, Bac, Spc and Gen, did not
show any suppressive effect on the RANKL-mediated osteoclastogenesis induced in
RAW264.7 cells.

Dox treatment also inhibited the induction of TRAP" multinuclear cells in bone
marrow cells upon sRANKL stimulation in the presence of M-CSF. Since Dox also
inhibited the induction of TRAP" multinuclear cells from bone marrow cells stimulated
with sSRANKL alone, Dox appeared to inhibit the RANKL-mediated differentiation of both
osteoclast precursor cells, as well as intermediately differentiated pre-osteoclasts (Figure
1B). The images of TRAP staining of both RAW264.7 cells and bone marrow cells
stimulated with SRANKL in the presence or absence of Dox are shown in Figure 2 (A-C,
RAW264.7 cells; and D-F, bone marrow cells). Importantly, the increased number of
TRAP" mononuclear cells was observed in both RAW264.7 cells, as well as bone marrow
cells, which were stimulated with sSRANKL in the presence of Dox (Fig. 2 C and F),
suggesting that Dox allowed osteoclast precursor cells to differentiate to TRAP' pre-
osteoclast cells.

The bone resorption activity of mature osteoclasts induced in RANKL-

stimulated RAW264.7 cells was analyzed on dentin slice surfaces (Fig. 2, G-H).
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Stimulation of RAW264.7 cells with SRANKL remarkably increased decalcified areas on
the dentin discs (H) compared to the control non-stimulated RAW264.7 cells (G), which
showed few or no resorption pits. The addition of Dox to the culture of sSRANKL-
stimulated RAW264.7 cells inhibited the formation of resorption pits on dentin discs (I).
These results indicated that Dox not only suppresses RANKL-mediated osteoclast

differentiation, but also inhibits bone resorption activity.
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Fig. 1. Effects of antibiotics on the RANKL-dependent induction of TRAP*
multinuclear cells. A) RAW264.7 cells were stimulated with SRANKL (50 ng/ml) for 6
days in the presence or absence of antibiotics shown in the figure. B) BALB/c mouse bone
marrow cells (6-week-old) were cultured with SRANKL and/or M-CSF in the presence or
absence of two different doses of Dox (0.2 and 2 pg/ml) for 8 days. A half portion of
culture medium was replaced every three days. After respective periods of incubation, the
cells were fixed with formalin and subjected to TRAP staining. TRAP" cells with nuclei
equal to, or exceeding, three were counted. Data represent mean + SD of triplicate cultures.
*Significantly lower than sSRANKL or sSRANKL+M-CSF stimulation by Student’s 7 test
(p<0.05).
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Fig. 2. Microscopic analyses of the effects of Dox on the appearance of osteoclasts
induced by sSRANKL and pit formation assay to determine the effect of Dox on the
osteoclasts’ bone resorption function (Magnification, 20x). RAW264.7 cells (A-C) and
bone marrow cells (D-F) were stimulated with or without SRANKL in the presence or
absence of Dox (2 pg/ml), following the same incubation protocol described in Fig. 1. After
respective periods of incubation (RAW264.7 cells - 6 days; bone marrow cells - 8 days),
the cells were fixed and stained for TRAP, followed by nuclear staining with methyl green.
Pit formation assay (G-H) was carried out on the dentin slices using RAW264.7 cells. After
incubation for 6 days, the cells were removed by washing with 10% sodium hypochlorite,
and the dentin discs were stained by a 0.5% Toluidine Blue solution. The arrows (H)

indicate the decalcified pits formed by activated mature osteoclasts.

In order to evaluate whether the suppression effects of Dox on RANKL-
mediated osteoclastogenesis is due to its toxicity, MTT assay was carried out on the
RAW264.7 cells and bone marrow cells stimulated with sSRANKL in the presence or
absence of Dox (Fig. 3). Dox did not decrease the viability of either RAW?264.7 cells or
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bone marrow cell cultures, irrespective of the presence of SRANKL. These results indicated
that the suppression of RANKL-mediated osteoclast differentiation/activation by Dox was

not due to the presence of any Dox toxicity.

A. RAW264.7
0.8 7

0.6 1

0.4 1

Relative viability
(OD575)

0.2

0
Dox (ug/ml) 0 02 2 0 02 2

Control sRANKL (50 ng/ml)

B. Bone marrow cells

0.4
2
gﬁ.\? 0.3
>
L]
(Ja
20 0.2
(_“\./
£ 01
0
Dox (2 ug/ml) — + - f - -t
Control M-CSF sRANKL  sRANKL

+ M-CSF

Fig. 3. MTT assay for toxic influence of Dox on SRANKL-stimulated RAW264.7 cells
and bone marrow cells. MTT testing was carried out to evaluate the effect of Dox and
sRANKL on cell viability. A) RAW264.7 cells were cultured with or without SRANKL (50
ng/ml) in the presence or absence of Dox for 24 hours. B) Bone marrow cells were cultured
with or without SRANKL (50 ng/ml) and/or M-CSF (10 ng/ml). All groups of cells were
subjected to MTT assay, and relative viability of cells in each well was expressed by
ODS575 of dissolved formazan. The Dox treatment groups did not show any statistically
significant difference compared to the control non-treatment groups. Solid or open columns

indicate “with” or “without Dox treatment”, respectively.
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Dox suppressed MMP-9 gelatinase activity in the RANKL-stimulated RAW264.7 cells

The non-antibiotic property of Dox is implicated in the inhibition of MMP
activities, especially MMP-9 (4). Therefore, the influence of Dox on the MMP-9 activity of
RAW264.7 cells stimulated by sSRANKL was analyzed in gelatin gel zymography (Fig. 4
A). Stimulation of RAW264.7 cells with recombinant SRANKL induced an up-regulation
of MMP-9 activity, whereas Dox nearly abolished this up-regulation (Fig. 4 A).

The influence of Dox on MMP-9 protein expression in RAW264.7 cells was
examined by Western blot (Fig. 4 B). This analysis demonstrated that SRANKL stimulation
up-regulated MMP-9 protein expression. More importantly, the addition of Dox to the
RAW264.7 cell culture did not affect SRANKL-induced up-regulation of MMP-9 protein
expression in the RAW264.7 cells. These results indicated that Dox suppressed MMP-9
activity, but not MMP-9 protein expression (Fig. 4). In summary, stimulation of RAW264.7
cells with SRANKL up-regulated the amount of MMP-9 protein, irrespective of the
presence of Dox, whereas MMP-9 activity was blocked by Dox.

A. Gelatin zymogram B. Western blot

MMP9 * —— —

orTublin e — —

Control  RANKL IiA[l)\loliL Control  RANKL IiADI\LIiL

Fig. 4. Gelatin gel zymography and Western blot analyses for the MMP-9 expressed in
RAW264.7 cells. RAW264.7 cells were incubated with sSRANKL in the presence or
absence of Dox for 24 hours. The amount of protein isolated from harvested cells was
adjusted and subjected to gelatin gel zymography (A) and Western blot for MMP-9 and a-
Tubulin (B). Mature MMP-9 (MW 86 kD) is indicated by arrow shown in the zymogram
gel.
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Dox administration “in vivo” suppressed osteoclast differentiation and MMP-9 activity

In order to examine the effects of Dox on in vivo osteoclast differentiation,
osteoclastogenesis was induced by supra-calvaria injections with a mixture of sSRANKL
and LPS. Since bacterial inflammatory components, such as LPS, are present in the context
of chronic infectious diseases with bone resorption, LPS was applied together with
sRANKL. Ten days after SRANKL/LPS injection, animals were sacrificed, and decalcified
calvaria tissues were analyzed by histochemistry using TRAP staining. The sSRANKL/LPS
injection induced a remarkably increase in the number of TRAP" osteoclast-like cells in the
calvaria bone lacunae compared to the control mice, which received placebo (PBS)
injection (Fig. 5 A, control PBS; B, sRANKL+LPS injection), whereas systemic
administration of Dox reduced the induction of TRAP" osteoclast-like cells in the calvaria
tissues receiving SRANKL/LPS (Fig. 5 C). The injection of SRANKL alone also induced
relatively fewer TRAP' osteoclast-like cells in calvaria than did the sRANKL/LPS
injection (not shown), indicating that inflammatory stimulation caused by LPS augments
RANKL-mediated osteoclastogenesis in calvaria, but that, significantly, Dox can inhibit the
RANKL-mediated osteoclastogenesis in the context of inflammation.

The TRAP enzyme activities measured in the homogenates of calvaria tissues
also demonstrated a similar trend in the histochemical evaluation (Fig. 5 D). In this
analysis, the SRANKL/LPS injection significantly up-regulated the TRAP activities in the
calvaria homogenates compared to the control PBS-injected calvaria tissues, while Dox
administration abrogated such TRAP activities induced by sSRANKL/LPS injection (Fig. 5
D).

The gelatinase activity of MMP-9 in the calvaria tissue homogenates was also
examined using Zymography (Fig. 5 E). Dox treatment abrogated the gelatinase activities
of MMP-9 induced in the calvaria tissues receiving SRANKL/LPS injection. Total MMP-9
protein was similarly increased in the calvaria tissues, irrespective of Dox administration.
These data indicated that systemic Dox administration can inhibit the RANKL-mediated in
vivo osteoclastogenesis accompanied by reduced MMP-9 activities. These results, in turn,

supported the in vitro findings that Dox inhibits SRANKL-mediated osteoclastogenesis, as

34



Capitulo 2

well as MMP-9 activities, while allowing the expression of MMP-9 protein expression in

TRAP" mononuclear cells (Fig. 5 F).
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Fig. 5. Influence of Dox on the in vivo osteoclastogenesis induced in mouse calvaria
tissues. After ten days of supra-calvaria injections with a combination of sSRANKL (5
ug/ml) and LPS (500 pg/ml), or control PBS for three consecutive days, calvaria tissues
were decalcified and stained for TRAP. sSRANKL/LPS-injected groups received systemic
Dox administration (30mg/kg/day) or placebo PBS for 10 consecutive days. Histochemical
results of calvaria tissues stained for TRAP are shown: A) control PBS injection, B)
sRANKL/LPS injection and C) sSRANKL/LPS injection and systemic administration with
Dox (20x magnification; arrows indicate TRAP" cells). TRAP enzyme activities in the
calvaria tissue homogenates from 10-day-old samples were determined (D). *Significantly
higher than control PBS placebo injection by Student’s ¢ test (p<0.05). Using identical
samples of calvaria tissue homogenates, gelatin gel Zymography (E) and Western blot for
MMP-9 (F) were carried out, respectively. Mature MMP-9 (MW 86 kD) is indicated by

arrow in the zymogram gel.
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Systemic administration of Dox shows no effects on systemic bone mineral density

Since Dox could inhibit in vivo RANKL-mediated osteoclastogenesis, the
influence of Dox on homeostatic bone remodeling was examined (Fig. 6). Normal male
BALB/c mice were treated with Dox or control water for 30 days. Bone mineral density
(BMD) of whole body or femur measured on Day 30 did not show any significant
differences between Dox-treated mice and control mice, indicating that Dox does not

influence systemic physiologic bone metabolism during a time period of less than 30 days.
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Fig. 6. Influence of Dox on systemic bone mineral density of mice. BALB/c mice (8-
week-old males, n = 5 mice/group) were treated with either Dox (30mg/kg/day in water
solution) or with control water for 30 days (p.o. every single day). Afterwards, the animals
were sacrificed, and the measurement of BMD (g/cm®) of whole body and femur was
performed using PIXImus™ bone mineral densitometer (Lunar Corp., Madison, WI). The
group treated with Dox did not show any statistically significant difference compared to the

control placebo group receiving PBS.

Modulation of c-Myc expression by Dox.
RANKL ligation to its receptor (RANK) elicits the ubiquitination of the
signaling adaptor molecule, TNF receptor-associated factor 6 (TRAF6), which transduces

the activation signals through NF-kB and MAPK pathways. Such activation signals induce
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the expression of transcription factors required for osteoclast differentiation, including c-
Fos, c-Myc and nuclear factor of activated T-cells c1 (NFATc1) (1, 23, 31, 33, 35). In order
to examine the effects of Dox on the signaling pathways during RANKL-mediated
osteoclastogenesis, the phosphorylation of MAPK pathway molecules, including p38, ERK
and JNK, were examined by Western blot analysis (Fig.7 A). However, phosphorylation of
these three molecules in RAW264.7 cells upon activation by RANKL was not affected by
the presence of Dox, indicating that Dox affects either the downstream signaling of these
three key molecules or other signaling pathways that are cooperative to MAPKs in
RANKL-mediated osteoclastogenesis, such as Ca**/Calcineurin or NF-kB pathways.
RT-PCR analysis, as shown in Fig. 7B, demonstrates that Dox down-regulated
c-Myc and mRNA expressions, as well as cathepsin K and TRAP. These translated proteins
play key functional roles in the mature osteoclasts. Importantly, c-Myc is required in the
up-regulation of mRNA expression of cathepsin K and TRAP during osteoclast
differentiation (1). Therefore, the Dox-mediated, down-regulated mRNA expression of
cathepsin K and TRAP appeared to be associated with the diminished expression of c-Myc
in RANKL-stimulated RAW264.7 cells. These data indicate that the inhibitory effects of
Dox on RANKL-mediated osteoclastogenesis are, at the very least, attributed to its
suppression of c-Myc gene expression. To confirm if Dox suppresses c-Myc during
RANKL-mediated osteoclastogenesis, focused gene expression arrays were employed. The
results revealed that Dox did suppress the gene expression of c-Myc in RAW264.7 cells
upon stimulation with SRANKL, whereas Dox did not suppress gene expression of c-Fos,

which was also increased by RANKL stimulation in RAW264.7 cells (data not shown).
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A. MAPK phosphorylation B. RT-PCR
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Fig 7. Effects of Dox on the phosphorylation of p38, ERK and JNK-MAPK and
mRNA expression of c-Myc by RANKL-stimulated RAW264.7 cells. (A) Western blot
for MAPK was carried out for p38-, ERK-, INK-MAPK. The left hand panel shows kinetic
experiments performed from 5-30 min after stimulation with sSRANKL (50 ng/ml). Results
of RAW264.7 cells stimulated with sSRANKL (50 ng/ml) in the presence or absence of Dox
(2 pg/ml) for 30 min are shown in right hand panel. (B) RT-PCR for mRNA of ¢-Myc;
cathepsin K, TRAP and B-actin of RAW264.7 cells stimulated with SRANKL for 48 h. (B1)
negative control; (B2) sSRANKL (50 ng/ml); (B3) sSRANKL with Dox (2 pg/ml).

Discussion

The growing use of Dox in clinical practice is due to its inhibitory activity
against MMPs in addition to its antibiotic activity. Although Dox is thought to inhibit bone
resorption primarily through its ability to inhibit MMPs (8, 28), its direct influence on
sRANKL-mediated osteoclastogenesis has been unclear. In the present study, however, our
results demonstrate that Dox can inhibit both in vitro and in vivo RANKL-mediated
osteoclastogenesis in association with its suppression of c-Myc gene expression. Moreover,
the present study showed that the inhibitory effects of Dox in RANKL-mediated
osteoclastogenesis, while unrelated to the presence of any Dox toxicity, do, in fact, result
from both the blocking of MMP-9 enzyme activity and suppression of osteoclast

differentiation, especially the multinucleation process from TRAP" pre-osteoclast cells.
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Our results further demonstrated that Dox down-regulated the expression of c-
Myc mRNA along with the diminished mRNA expression for TRAP and cathepsin K (Fig.
7 B), as well as TRAP activity (Fig. 4 A), while Dox lacks such inhibitory effects on MMP-
9 protein expression (Fig. 4 B). These results were supported by the study of Battaglino et
al. (1) who found that expression of c-Myc, a transcription factor, is up-regulated in
response to SRANKL and is required for osteoclast differentiation. They demonstrated this
by the introduction of dominant negative c-Myc expression in RAW264.7 cells which show
remarkably reduced RNA expressions for TRAP and cathepsin K upon stimulation with
RANKL (1). Therefore, it is plausible that the Dox-mediated suppression of TRAP and
cathepsin K mRNA expression found in the present study may be due to the c-Myc down-
regulation induced by Dox.

Three enzymes, including TRAP, cathepsin K and MMP-9, are all considered
functional phenotypic markers for mature osteoclasts. As such, the expression of all three
molecules plays important, but different, roles in osteoclast bone resorption activity (17,
44). TRAP is engaged in bone destruction by dephosphorylation of noncollagenous matrix
proteins in the bone. Cathepsin K functions in solubilization of hydroxyapatite crystals in
the bone that results in exposure of the collagenous bone matrix, creating resorption
lacunae after collagen degradation. MMP-9 degrades collagen types I, III, IV, and V, as
well as gelatins. Therefore, MMP-9 produced by osteoclasts plays a pivotal role in
digesting collagen types I, III and IV, which are present in the bone. Importantly, then, the
inhibitory function of Dox on mRNA expression for cathepsin K and TRAP, accompanied
by suppression of MMP-9 enzyme activity strongly appears to be responsible for the
diminished pit formation activity by RANKL-stimulated RAW264.7 cells (Fig. 2 I).

A number of molecular mechanisms underlying the differentiation, function,
and survival of osteoclasts have been elucidated in the last few years (16, 34, 36, 41).
Holmes et al. (11) showed that Dox can reduce osteoclast differentiation induced from
human peripheral blood mononuclear cells (PBMC) upon stimulation with sSRANKL and
M-CSF. They also demonstrated that Dox at lower concentrations (ranging between 0.25 to
2.5 pg/ml), which are similar to the ranges of Dox used in the present study, reduces

osteoclast formation without induction of apoptosis in PBMC stimulated with sSRANKL
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and M-CSF, while higher concentrations of Dox, those of more than 5 pug/ml, induce
apoptosis in maturely differentiated osteoclast cells (11). This supports the present study in
which we hypothesize that Dox inhibits osteoclastogenesis independent of its toxic effects
inducing cell death. We demonstrated that Dox was not toxic to RAW264.7 cells or bone
marrow cells, irrespective of RANKL stimulation. Furthermore, the results of DNA array
analysis for RAW264.7 cells showed that Dox suppressed one of the apoptosis induction
genes, Bax, induced by RANKL stimulation (data not shown). Additionally, the present
study appeared to show that the inhibitory effects of Dox on sRANKL-mediated
osteoclastogenesis are partly attributable to the inhibition of c-Myc gene expression (Fig. 7)
and not to the induction of cell death (Fig.3). It is, however, still to be elucidated which
molecule is the direct target of Dox that results in the inhibition of c-Myc gene expression,
as well as cathepsin K and TRAP mRNA, in the RANKL-mediated osteoclastogenesis.
Excessive MMP activity, with particular reference to collagenase and/or
gelatinase, has been noted in many disease processes, including rheumatoid and
osteoarthritis, metastatic cancer, aneurysm, adult periodontitis, osteoporosis, corneal
abrasion, and others (20). Specifically, with respect to periodontitis, it has been reported
that MMPI can inhibit alveolar bone loss induced by local LPS injection in a rat model of
experimental periodontal disease (24). Interestingly, although Dox did not affect the
expression of MMP-9 protein in RAW264.7 cells and calvaria tissue upon stimulation with
RANKL, gelatinase activity of MMP-9 in RAW264.7 cells and calvaria tissues was, in fact,
remarkably decreased by Dox. The inhibition of this activity is most likely due to the
pharmacological action of Dox, which binds to the primary and secondary zinc and calcium
ions within the catalytic domain of the MMP (7). Therefore, a decreased activity of MMP-9
would lead to a reduction in both connective tissue degradation and bone resorption, which
are key events involved in the pathogenesis of osteoarthritis, periodontitis, and other
diseases (5, 19, 24). It is true that MMP-9 is produced not only by osteoclast cells, but also
by fibroblasts (10) that comprise the major cellular populations in connective tissues.
Therefore, inhibition of MMP-9 by Dox most likely protects both hard and soft tissues from

destruction.
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Finally, Dox administered orally (30mg/kg/day for 30 days) did not
physiologically interfere with BMD during the entire 30 days of systemic administration,
while the same dose of Dox did inhibit the osteoclastogenesis induced within 10 days after
RANKL injection of calvaria tissues. Brandt et al. studied the effects of Dox on 431 women
with unilateral osteoarthritis of the knee (3). They reported that, after 30 months of
treatment following a regimen of doxycycline, patients experienced reduced progression of
minimum joint space width (JSW) in the index knee compared to the placebo group,
whereas JSW of the contralateral knee was not affected by Dox treatment (3). They
concluded that pathogenic mechanisms in the contralateral knee joint were different from
those in the index knee. Since, even in the same knee lesion, the mechanism of bone
destruction differs, it is conceivable that the mechanism underlying local inflammatory
bone resorption would be different from that of systemic bone resorption in homeostatic
bone remodeling. Although Dox treatment in the present study did not affect systemic
BMD within 30 days, it could, however, affect BMD in long-term administration. This
hypothesis is supported by a study which shows that an 8-week administration of
minocycline (a Dox family agent) prevents the decrease of BMD in ovariectomized rats
(42). To summarize, treating infectious inflammatory bone loss diseases with Dox may be
additionally advantageous in that only bone resorption at the site of the inflamed lesion is
affected, while systemic BMD remains unaffected by Dox.

In conclusion, the present study indicated that the efficacy of Dox in the
amelioration of infectious inflammatory bone loss lesion seems to involve novel bio-effects
of Dox which inhibit RANKL-mediated osteoclastogenesis, in addition to its previously

known effects as an antibiotic and as an MMP suppressor.
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3. CONCLUSAO

1- Os resultados da andlise dos indices PK/PD sugerem que uma dose inicial maior do que

100 mg poderia resultar em melhores resultados clinicos.

2- Os resultados referentes ao efeito da Dox sobre a MMP demonstraram que embora a
Dox nao interfira na produgdo desta enzima, a atividade da MMP foi significantemente

diminuida na presenca deste fAirmaco;

3- A eficéacia clinica observada da Dox, quando de seu emprego como modulador da
atividade do hospedeiro, parece nao se limitar a inativagdo da MMP, mas estar relacionada
também, a propriedades adicionais deste fArmaco sobre os processos de osteoclastogénese e
ativacao osteoclastica mediada por RANKL, incluindo a modulagdo da expressdo de c-

Myc, TRAP e Catepsina K.
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Anexo 1 - Informagao CCPG/002/06

INFORMACAO CCPG/002/06°

Tendo em vista a necessidade de revisdo da regulamentagdo das normas sobre o formato e a
impressédo das dissertagbes de mestrado e teses de doutorado e com base no entendimento exarado
ablnlasiAA~

no Parecer PG n° 1985/96, que trata da possibilidade do formato alternativo ao ja estabelecide, a
CCPG resolve:

Artigo 12 - O formato padric das dissertacdes e teses de mestrado e doutorado da UNICAMP
deverao obrigatoriamente conter:

I. Gapa com formato Unico ou em formato alternative que devera conter informagoes relativas ao
nivel (mestrado ou doutorado) e a Unidade de defesa, fazendo referéncia 4 Universidade
Estadual de Campinas, sendo o projeto grafico das capas definido pela PRPG.

Il. Primeira foclha interna dando visibilidade & Universidade, a Unidade de defesa, aoc nome do
autor, ao titulo do trabalho, ao numero de volumes (quando houver mais de um), ac nivel
(mestrado ou doutorado), a area de concentragdo, ao nome do orientador e co-orientador, ao
local (cidade) e ao ano de deposito. No seu verso deve constar a ficha catalogréfica.

Ill. Folha de aprovacdo, dando visibilidade a Comissdo Julgadora com as respectivas assinaturas.

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

V. Sumario.

VI. Corpo da dissertagdo ou tese dividido em tdpicos estruturados de modo caracteristico & area
de conhecimento.

VIl. Referéncias, formatadas segundo normas de referenciamento definidas pela CPG da Unidade
ou por critério do orientador.

VIll. Todas as péaginas deverdo, obrigatoriamente, ser numeradas, inclusive paginas iniciais,
divisées de capitulos, encartes, anexos, etc... As paginas iniciais poderdo ser numeradas
utilizando-se algarismos romanos em sua forma minuscula.

IX. Todas as paginas com numeragdo "impar" serdo impressas como "frente” & todas as paginas
com numeracao "par" serdo impressas como "verso”.

§ 12 - A critério do autor e do orientador poderde ser incluidos: dedicatéria; agradecimento; epigrafe;
lista de: ilustragbes, tabelas, abreviaturas e siglas, simbolos; glossario; apéndice; anexos.

§ 2° - A dissertacdo ou tese deverd ser apresentada na lingua portuguesa, com excecdo da
possibilidade permitida no artigo 2°desta Informacao.

§ 32 - As dissertacdes e teses cujo conteldo versar sobre pesquisa envolvendo seres humanos,
animais ou bicsseguranca, deverdo apresentar anexos 0s respectivos documentos de aprovagao.

Artigo 22 - A critério do orientador e com aprovagdo da CPG da Unidade, os capitulos e os apéndices
poderdo conter copias de artigos de autoria ou de co-autoria do candidato, j& publicados ou
submetidos para publicagdo em revistas cientificas ou anais de congressos sujeitos a arbitragem,
escritos no idioma exigido pelo veiculo de divulgacao.
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§ unico - O orientador e o candidato deverdo verificar junto s editoras a possibilidade de incluséo dos
artigos na dissertagio ou tese, em atendimento a legislacdo que rege o direito autoral, obiendo, se
necessaria, a competente autorizagdo, deverdo assinar declaragdo de que ndo estdo infringindo o
direito autoral transferido & editora.

Artigo 32 - Dependendo da area do conhecimento, a critério do orientador e com aprovagdo da CPG
da Unidade, a dissertagao ou tese poderd ser apresentada em formato alternativo, desde que
observados os incisos |, II, Il IV, V e VIl do artigo 12.

Artigo 4¢ - Para impressdo, na grafica da Unicamp, dos exemplares definitivos de dissertagbes e
teses defendidas, deverdo ser adotados os seguintes procedimentos:

§ 12 - A solicitagdo para impressao dos exemplares de dissertagdes e teses podera ser encaminhada
4 gréafica da Unicamp pelas Unidades, que se responsabilizarao pelo pagamento correspondente.

§ 2% - Um original da dissertagdo ou tese, em versdo definitiva, impresso em folha tamanho carta, em
uma s6 face, deve ser encaminhado a grafica da Unicamp acompanhado do formulario "Requisicdo de
Servigos Graficos", onde conste o nimero de exemplares solicitados.

§ 3?2 - A grafica da Unicamp imprimira os exemplares solicitados com capa padrdo. Os exemplares
solicitados serdo encaminhados a Unidade em, no maximo, cinco dias uteis.

§ 42 - No formulario "Requisicdo de Servicos Graficos" deverdo estar indicadas as paginas cuja
reproducdo deva ser feita no padrdc "cores” ou “foto”, ficando entendido que as demais paginas
devam ser reproduzidas no padrao preto/branco comum.

§ 5° - As dissertagdes e teses serdo reproduzidas no padréo frente e verso, excecgdo feita as paginas
iniciais e divisbes de capitulos; dissertagdes e teses com até 100 péaginas serdo reproduzidas no
padrao apenas frente, excegdo feita & pagina que contém a ficha catalografica.

§ 62 - As paginas fornecidas para insercac deverdo ser impressas em sua forma definitiva, ou seja,
apenas frente ou frente/verso.

§ 72 - O custo, em reais, de cada exemplar produzido pela gréfica sera definido pela Administragdo
Superior da Universidade.

Artigo 5¢ - E obrigatoria a entrega de dois exemplares para homologagéo.
Artigo 67 - Esta Informagdc entrarda em vigor na data de sua publicagdo, ficando revogadas as

disposigbes em contrério, principalmente as Informacdes CCPG 001 e 002/98 e CCPG/001/00.

Campinas, 13 de setembro de 2006

Profa. Dra. Teresa Dib Zambon Atvars

Presidente
Comissdo Central de Pos-Graduacgdo
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Anexo 3 - Certificado do Comité de Etica em Animais (Capitulo 2)

THE FORSYTH INSTITUTE

Institutional Animal Care & Use Commilttee

June 2, 2005

To:  Dr. Toshihisa Kawai
From: Richard L. Pharo, Interim Chairman

Re:  Animal Protocol Amendment Application # 04-006

The amendment application for use of vertebrate animals in research:
Submitted:  5/22/05
Entitled: Role of oral-bacterial tolerance in periodontal inflammation

has been reviewed and given FULL APPROVAL by the Executive Committee of
the Forsyth Institute's Animal Care and Use Committee on June 1, 2005

Protocol Approval Date: 6/2/04
Amendment Approval Date: 6/1/05
Animal Assurance Number: A3051-01

The protocol approval date and animal assurance number must
appear on your grant application.

Enclosed is a copy of the signed amendment for your records.

RLP:om
cc Animal Quarters
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ANEXO 4 - Comprovante de submissao a publicaciao do Capitulo 2

BOME-5-06-00847[1] pdt==

From: BONE (EL:)

Sent: Tuesday, Movetnber 21, 2006 1:14 PII
To: Eawai, Toshi

subject: Submission Confirmation

Dear Toshi,

Tour submission entitled " Suppression of RANKL-mediated bone resorption by
doxyeycline." has been received by Bone

You may check on the progress of yvour paper by logging on to the Elsevier
Editorial Swstem as an author, The TTEL 1z hitp:ffees. elsevier comibonel.

Tour manuscript will be given a reference number once an Editor has been assigned.
Thank you for submitting vour work to this journal
Eind regards,

Elsevier Editorial System
Bone
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ANEXO 5 - Direitos autorais

v
-\3‘"&0 UNIVERSIDADE ESTADUAL DE CAMPINAS
'{-\' FACULDADE DE ODONTOLOGIA DE PIRACICABA
UNICAMP

DECLARACAOQ

As copias de artigos de minha autoria ou de minha co-autoria, ja publicados ou
submetidos para publicagiio em revistas cientificas ou anais de congressos sujeitos a arbitragem,
que constam da minha Tese de Doutorado intitulada " ANALSE DA FARMACOCINETICA DA
DOXICICLINA NO PLASMA, FLUIDO GENGIVAL E SALIVA E AVALIACAO DE SEU
EFEITO SOBRE O OSTEOCLASTOGENESE MEDIADA POR RANKL'", nio infringem os
dispositivos da Lei n® 9.610/98, nem o direito autoral de qualquer editora.

Piracicaba, 21 de Dezembro de 2006.

GILSON CEY4R NOBRE FRANCO
RG: 27
Autor{a)

et

S e dio _ L"lﬂ
PEDRO Llllw
RG: 11.185.97: 2

Orientador(a)

57



	RESUMO
	Pharmacokinetics and statistical analysis 
	Introduction
	Materials and Methods
	Antibiotics



	In vitro osteoclast differentiation and cellular viability assays
	In vivo bone resorption assay - Induction of osteoclasts in mouse calvaria tissue 
	Dox suppressed RANKL-mediated osteoclast differentiation
	The TRAP enzyme activities measured in the homogenates of calvaria tissues also demonstrated a similar trend in the histochemical evaluation (Fig. 5 D). In this analysis, the sRANKL/LPS injection significantly up-regulated the TRAP activities in the calvaria homogenates compared to the control PBS-injected calvaria tissues, while Dox administration abrogated such TRAP activities induced by sRANKL/LPS injection (Fig. 5 D). 
	The gelatinase activity of MMP-9 in the calvaria tissue homogenates was also examined using Zymography (Fig. 5 E). Dox treatment abrogated the gelatinase activities of MMP-9 induced in the calvaria tissues receiving sRANKL/LPS injection. Total MMP-9 protein was similarly increased in the calvaria tissues, irrespective of Dox administration. These data indicated that systemic Dox administration can inhibit the RANKL-mediated in vivo osteoclastogenesis accompanied by reduced MMP-9 activities. These results, in turn, supported the in vitro findings that Dox inhibits sRANKL-mediated osteoclastogenesis, as well as MMP-9 activities, while allowing the expression of MMP-9 protein expression in TRAP+ mononuclear cells (Fig. 5 F).
	Systemic administration of Dox shows no effects on systemic bone mineral density 
	Discussion                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         



	Acknowledgments

