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RESUMO

BIOCOMPATIBILIDADE DE SCAFFOLDS NANOFIBROSOS CONTENDO
METRONIDAZOL OU CIPROFLOXACINA EM MODELO DE IMPLANTACAO
SUBCUTANEA EM RATOS

AUTORA: Patricia Cabral Passos
ORIENTADORA: Karla Zanini Kantorski

Evidéncias mostram que ndo ha membranas ideais, ou seja, biocompativeis, biodegradaveis, com
propriedades mecanicas e fisicas adequadas que permitam a reestruturacdo dos tecidos periodontais. A
técnica do eletrospinning tem demonstrado bons resultados no processamento de scaffolds
confeccionados a partir de polimeros. As nanofibras formadas por esta técnica possuem caracteristicas
gue se assemelham a matriz extracelular. O objetivo do presente estudo foi avaliar a
biocompatibilidade de scaffolds nanofibrosos de polidioxonona (PDS 11®) contendo metronidazol ou
ciprofloxacina em modelo de implantacdo subcutdnea em ratos Wistar. A PDS 1I® é um poliéster
biocompativel com diversas aplicacbes na area médica. Nossa hipGtese conceitual considerou que
scaffolds com antimicrobianos teriam semelhante comportamento inflamatério quando comparados ao
controle positivo PDS. Sessenta ratos machos adultos foram randomizados em seis grupos: controle
negativo (SHAM) - animais com incisdo e loja cirlrgica, ausentes de scaffolds; controle positivo
(PDS) - animais com scaffolds de PDS, 1 scaffold PDS com 25%wt de metronidazol (IMET), 2
scaffolds PDS com 25%wt de metronidazol (2MET), 1 scaffold PDS com 25%wt de ciprofloxacina
(1CIP), 2 scaffolds com 25%wt de ciprofloxacina (2CIP). Os animais foram eutanasiados em 3 (n=30)
e 30 dias (n=30), correspondendo a resposta inflamatéria inicial e tardia, respectivamente. Os
desfechos avaliados foram degradacao de fibras colagenas (Picrosirius Red e Tricrébmico de Masson),
atividade de enziméticas celulares (mieloperoxidase e N-Acetil B-D-Glicosaminidase) e perfil
oxidativo local [espécies reativas de oxigénio (ROS), peroxidacdo lipidica (LP), proteina carbolinada
(PC), catalase (CAT), vitamina C (VIT.C) e glutationa reduzida (GSH)]. Os dados foram analisados
estatisticamente (p<0,05) através do teste Two-way ANOVA (tratamento e tempo). Coletivamente, 0s
resultados mostram que scaffolds com antibidticos possuem menor resposta inflamatéria se
comparado ao grupo PDS. Entre as nanofibras com antibidticos, o grupo que apresentou melhor
resposta inflamatdria inicial e tardia foi 2 CIP. Os achados desta pesquisa sugerem o potencial estudo
destes scaffolds com metronidazol e ciprofloxacina em modelos regenerativos, capazes de confirmar a
efetividade dessas matrizes artificiais para a regeneracdo periodontal.

Palavras-chave: Antibidticos. Biomateriais. Eletrospinning. Eletrospun. Engenharia tecidual
Polidioxonona. Regeneracéo.



ABSTRACT

BIOCOMPATIBILITY OF NANOFIBERS SCAFFOLDS CONTAINING METRONIDAZOLE
OR CIPROFLOXACIN IN SUBCUTANEOUS IMPLANTATION MODEL

AUTHOR: Patricia Cabral Passos
ADVISOR: Karla Zanini Kantorski

Evidence shows there is no ideal membrane, i.e., biocompatible, biodegradable, with adequate
mechanical and physical properties that enable reorganization of periodontal tissues. Eletrospinning
technique has demonstrated good processing results on scaffolds made from polymers. Nanofibrous
formed by this technique have characteristics that resemble the extracellular matrix. The aim of this
study was to evaluate the biocompatibility of nanofibrous polydioxanone scaffolds (PDS 1I®)
containing metronidazole or ciprofloxacin in subcutaneous implantation model in rats Wistar. PDS 1I®
is biocompatible polyester having various applications in the medical field. Our conceptual hypothesis
considers that scaffolds with antimicrobials have similar inflammatory behavior when compared to
PDS positive control. Sixty adult male rats were randomized into 6 groups: negative control (SHAM)
— animals with incision and surgical pocket, without scaffold; positive control (PDS) — animals with
PDS scaffolds; IMET — animals with one PDS scaffold containing 25%wt metronidazole; 2MET —
animals with two PDS scaffolds containing 25%wt metronidazole, 1CIP — animals with PDS scaffolds
containing 25%wt ciprofloxacin; 2CIP — animals with two PDS scaffolds containing 25%wt
ciprofloxacin. Animals were euthanized at 3 days (n=30) and 30 days (n=30), corresponding to initial
and late inflammatory responses, respectively. Outcomes measures were the degradation of collagen
fibers (Picrosirius Red and Masson’s trichrome), activity of cellular enzyme (Myeloperoxidase activity
and N-acetyl-p-D-glucosaminidase activity) and local oxidative profile (reactive oxygen species, lipid
peroxidation, protein carbonyl, vitamin C, catalase and reduced glutathione). Dara were analyzed
statistically (p<0.05) by two-way ANOVA (treatment and time). Collectively, results show that
antibiotics scaffolds have a lower inflammatory response compared to PDS group. Among the
nanofibers with antibiotics, the group showed better early and late inflammatory response was 2CIP.
The findings of this research suggest the potential study of these scaffolds with metronidazole and
ciprofloxacin in regenerative models, able to confirm the effectiveness of these artificial matrices for
periodontal regeneration.

Keywords: Antibiotics. Biomaterials. Electrospinning. Electrospun. Polydioxanone. Regeneration.

Tissue enginnering.
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1 INTRODUCAO

A periodontite € uma doenca infecto-inflamatdria que afeta os tecidos periodontais de
suporte, podendo resultar, caso ndo tratada, na perda do elemento dentario (PAGE et al.,
1997). A resposta imuno inflamatdria resultante da interacdo, hospedeiro susceptivel e
biofilme bacteriano, promove a destruicdo dos tecidos periodontais. A alta prevaléncia da
periodontite (ALBANDAR et al., 1999; KASSEBAUM et al., 2014; PETERSEN et al., 2005;
SUSIN et al., 2004) e suas sequelas, como defeitos dsseos, recessdo gengival e bolsas
periodontais, tem levado ao estudo de técnicas que permitam o restabelecimento dos tecidos
periodontais especificos perdidos (BOTTINO et al., 2011; KARRING et al.,1993; WANG,
2005).

Modalidades terapéuticas utilizando uma variedade de procedimentos, tais como
cirargicos (WALTER et al., 2009), enxertos 6sseos combinados ou ndo com proteinas (JUNG
et al, 2003; TAHERI et al, 2009), materiais osteocondutores\osteoindutores
(STAVROPOULOS; WIKESJO, 2012; TROMBELLI et al., 2010), fatores exdgenos de
crescimento (CHEN et al., 2010; HOSOKAWA et al., 2000; KNOW et al., 2010), tecnologia
baseada em células e genes (CHEN et al., 2010; YANG et al., 2013), estdo sendo estudadas.
Neste contexto, a regeneracdo tecidual guiada (RTG) é considerada uma técnica promissora
para reestruturar os tecidos periodontais perdidos. Esta técnica consiste na utilizacdo de uma
membrana como interface entre o tecido conjuntivo ou epitelial e ligamento/osso alveolar
(Figura 1). Estas barreiras sdo essenciais uma vez que o tipo de célula que repovoa a
superficie radicular ap6s a cirurgia determina a natureza da inser¢cdo que se formara
(MELCHER, 1976). Assim, a membrana funciona como uma barreira mecanica que impede o
tecido conjuntivo e epitelial de migrar para o interior do defeito, favorecendo a recolonizagédo
do local pelas células progenitoras localizadas do ligamento remanescente e ou células
sanguineas, para diferenciagdo em novo aparato periodontal (BOTTINO et al., 2012).

Figura 1 - Esquema do posicionamento ideal da membrana durante a regeneracdo tecidual guiada.
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Porém, o sucesso desta técnica tem sido limitado pela auséncia de membranas ideais,
ou seja, biocompatives, biodegradaveis, com propriedades mecanicas e fisicas adequadas, tais
como estabilidade, resisténcia a forca de rasgamento, flexibilidade, capacidade de manter a
funcdo de barreira protetora 4-6 semanas que permita a reorganizacdo dos tecidos
periodontais, e com porosidade suficiente que possibilite a troca de nutrientes e células
(BECKER et al., 1987; BEHRING et al., 2008; BOTTINO; THORMAS; JANOWSKI, 2011;
GENTILE et al.,, 2011; KARRING et al., 1993; SUSIN & WIKESJO, 2013). Assim,
pesquisadores tém avangado no conhecimento de biomateriais combinados a alta tecnologia
para o desenvolvimento de materiais que consigam suprir todas estas caracteristicas.

Neste sentido, a técnica do eletrospinning descrita por Bottino e colaboradores (2011;
2013) tem demonstrado auspiciosos resultados para o processamento de scaffolds que séo
matrizes tridimensionais artificiais as quais mimetizam a matriz extracelular natural. Esta
técnica consiste na utilizacdo de uma seringa carregada com uma solucéo de polimero sob alta
tensdo e uma placa posicionada a uma distancia pré-estabelecida a partir da ponta da agulha.
A diferenca de potencial supera a tensdo superficial da goticula do fluido que resulta na
formacdo do chamado cone de Taylor, onde os jatos de fluido instaveis sdo arremessados até a
placa (BOTTINO et al., 2012). Os jatos de fluido tendem a secar e formar fibras com uma
média de didmetro variando em dezenas de microns até nandmetros (AGARWAL,;
GREINER; WENDORFF, 2009). Os scaffolds formados por essa técnica possuem poros
interconectados e fibras nanoparticuladas os quais sdo caracteristicas mais favoraveis se
comparado a microfibras ou qualquer outra forma morfoldgica (BOTTINO et al., 2012). As
nanofibras podem estimular a interacdo entre as células, aumentar a taxa de proliferacdo,
manter o fenotipo celular, suportar a diferenciacdo celular (LI et al., 2002). Assim, scaffolds
sintetizados a partir de polimeros naturais (colageno, quitosana) e sintéticos (coprolactone,
polidioxonona) estdo sendo estudados (BOTTINO et al., 2013; LIN et al., 2011).

Modelos experimentais de implantacdo subcutanea em ratos tém sido utilizados para
avaliacdo da biocompatibilidade de diferentes scaffolds, considerado pela Associacdo
Dentéria Americana (ADA) (1972; 1982) e Fundacdo Dentéria Internacional (FDI) (ISO,
1997) um teste valido nas etapas iniciais na pesquisa da histocompatibilidade para aceitagédo
em futuras pesquisas clinicas. Biocompatibilidade é definida como a avaliacdo da resposta
produzida pelo contato de um material com os tecidos do hospedeiro (ADTM, 2006). Existe
uma ampla variedade de técnicas e tempos de avaliag¢do as quais possibilitam a verificagcdo da

reacdo do hospedeiro aos materiais implantados para determinagédo da sua biocompatibilidade.
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O tipo de célula predominante no infiltrado inflamatorio em periodos distintos de pds-
implantacdo, o aspecto da matriz extracelular e as fibras colagenas sdo importantes fatores a
serem avaliados (BAVARIYA et al., 2013; MULDER et al., 2013) visto que o predominio
dos eventos vasculares, celulares, reparativos e enzimaticos ocorrem em tempos distintos
durante a inflamagéo.

Durante a resposta imediata a um agente lesivo as células predominantes sdo na
maioria neutrofilos e mondcitos, posteriormente com a participacdo de linfécitos e
plasmécitos. A mieloperoxidase (MPO) e N-acetil-B-D-glucosamidase (NAG) séo
biomarcadores inflamatérios indiretos que sinalizam a atividade de neutréfilos, mondcitos e
macréfagos (BAILEY, 1988). Entre suas funcbes, a MPO contribui para a defesa do
organismo contra agentes patogénicos atraves da liberacdo de espécies reativas de oxigénio
(ROS) (KLEBANOFF, 2005; VAN DER VEEN; WINTHER; HEERINGA, 2009). O excesso
destes produtos oxidativo, que excede a capacidade de defesa antioxidante enzimatica
[superoxido dismutase (SOD), catalase (CAT), glutationa redutase e glutationa peroxidase] e
ndo enzimatica [vitamina C (VIT. C), vitamina E, glutationa reduzida (GSH)] do organismo,
pode causar danos aos lipidios, proteinas e outros componentes celulares dos tecidos,
caracterizando o estresse oxidativo (EO) (AKALIN et al., 2008; CHAPPLE, 1997,
CHAPPLE; MATTHEW, 2007; HALLIWELL; GUTTERIDGE, 1984; SCHAFER;
BUETTNER, 2001). J& a NAG é uma enzima lisossomial que é produzida por mondcitos
ativados. Uma vez ativados, os macrofagos sofrem degranulacdo promovendo a liberacdo de
mediadores inflamatdrios que promoverdo o recrutamento e ativacdo de outras células
inflamatorias (LAWRENCE; GILROY, 2007).

Além das caracteristicas celulares e vasculares na resposta mediata, a fibrose é
responsavel pelo processo de reparo tecidual (ROBBINS et al., 2008). Reparacdo é um estado
dindmico, que compreende diferentes processos simultaneos, entre os quais, a inflamacéo, a
proliferacdo celular e a sintese ou remodelagem dos elementos que constituem a matriz
extracelular, tais como o colageno tipo I e 11l (THOMAS; O'NEILL; HARDING, 1995). Na

fase proliferativa ocorre a deposicao de colageno tipo Il e na sua remodelagem h& maturacéo

colagenosa, na qual o colageno tipo Il é substituido por colageno tipo |I (EYDEN;
TZAPHLIDOU, 2001; JUNQUEIRA; COSSERMELLI; BRENTANI, 1978; LIU et al.,,
1997).

Na busca por scaffolds ideais para a RTG, diferentes tipos de scaffolds estdo sendo
desenvolvidos e testados em modelo subcutaneo. Scaffolds de borato de vidro bioativos com
diferentes porosidades (DELIORMANLI; LIU; RAHAMAN; 2012), scaffolds nanofibrosos
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de quitosana reticuladas ou ndo com genipina (BAVARIYA et al., 2013), scaffolds de
hidrogéis de polietilenoglicol (PEGDA) (BROWNING et al., 2014), scaffolds estruturados
em multicamadas funcionais (BOTTINO; THOMAS; JANOWSKI, 2011; ERISKEN;
KALYON; WANG, 2008) sao alguns exemplos. Contudo, degradacdo, exposicao prematura,
alta densidade que dificulta o manuseio, taxa de degradacdo ndo uniforme, e falhas devido a
infeccdo (BOTTINO et al.,, 2012), sugerem a necessidade de novas pesquisas para O
desenvolvimento de scaffolds alternativos (BAVARIYA et al., 2013; BOTTINO et al., 2012).

Bottino e colaboradores (2013; 2014) testaram, in vitro, scaffolds nanoparticulados de
PDS contendo os antimicrobianos MET ou CIP. Scaffolds contendo CIP inibiram o
crescimento de ambos os biofilmes testados (P. gingivalis e E. faecalis) enquanto que o de
MET inibiu somente crescimento de P. gingivalis. Contudo, scaffolds de CIP a 25wt%
mostraram-se citotoxicos para células embrionarias da polpa dentaria. No aspecto mecéanico, o
scafflold de MET a 25wt% apresentou maior resisténcia as tensdes quando comparado ao de
CIP. Ambos os scaffolds contendo antibidticos a 25wt% obtiveram reducdo significativa do
diametro das fibras quando comparado ao scaffold sem a incorporagdo dos antimicrobianos.
A presenca de antimicrobianos nos scaffolds para o controle e reducdo da infeccdo tem sido
comprovada por estudos anteriores (KIM et al., 2004; RUCKH et al., 2012). A terapéutica
adjuvante proporcionada pelos antibioticos em dosagens controladas e uniformes sobre os
danos periodontais pode ter implicagdes positivas na redugdo do percentual de falhas dos
scaffolds devido a infeccdo (BOTTINO et al.,, 2012). Essa estratégia pode favorecer um
ambiente livre de biofilmes e propicio para a RTG, ao mesmo tempo minimizando os efeitos
adversos associados ao uso sistémico destes farmacos (BOTTINO et al., 2013). Os achados
prévios promissores in vitro de scaffolds de PDS, quanto a pardmetros mecanicos,
microbioldgicos e estruturais, podem indicar um potencial uso destes scaffolds nanofibrosos
com antibidticos em estudos em animais.

Logo, o objetivo deste estudo foi avaliar a biocompatibilidade inicial e tardia de
scaffolds nanofibrosos de PDS contendo MET ou CIP a 25%wt, em modelo de implantacéo
subcutanea em ratos. A biocompatibilidade sera mensurada pelo perfil oxidativo tecidual,
perfil enzimatico celular (atividade das enzimas mieloperoxidase e N-acetil-p-D-
glucosaminidade) e degradacao de fibras colagenas. A hipotese deste estudo considerou que a
incorporagdo de antibioticos ao scaffold de PDS resultaria em comportamento inflamatorio

semelhante a matriz de PDS.
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2 REVISAO DE LITERATURA

2.1 PERIODONTIA X REGENERACAO

Periodontite é uma inflamac&o cronica que afeta a integridade do aparato de insercéo
causando a destruicdo dos tecidos periodontais e podendo culminar na perda dos dentes
(HAFFAJEE; SOCRANSKY,1994; PIHLSTROM; MICHALOWICZ; JOHNSON, 2005). A
utilizacdo de procedimentos regenerativos visando a restauracdo dos tecidos periodontais de
suporte vem se tornando comum, devido as demandas estéticas (recessdo gengival, defeitos
0sseos), dolorosas (sensibilidade radicular), anatémicas e funcionais (sitios com envolvimento
de furca, implantes), visando melhorar o progndéstico dos dentes tratados periodontalmente em
longo prazo (CORTELLINE & TONETTI, 2015; GOTTLOW, 1986; LINDIE; LANG;
KARRING, 2008). Estes tratamentos englobam uma variedade de abordagens cirurgicas,
enxertos 6sseos, materiais osteocondutores\osteoindutores, tecnologia baseada em células e
genes e engenharia tecidual (BOTTINO, 2012).

O termo regeneracgdo € definido como a reproducdo ou reconstituicdo de uma parte
perdida ou lesada, de tal forma que a arquitetura e funcéo destes tecidos sejam completamente
recuperadas (GLOSSARY OF PERIODONTAL TERMS, 1992). Lager e Vacanti (1993)
propuseram a engenharia tecidual como uma terapia restauradora de tecidos perdidos e suas
funcBes, onde os principios para a regeneracdo tecidual envolviam a combinacdo de trés
elementos: membranas, células regenerativas, e moléculas sinalizadoras de células ou fatores
de crescimento.

Hé& dois tipos de membranas utilizadas na terapia regenerativa, reabsorviveis e nao
reabsorviveis. O padrdo ouro das membranas ndo reabsorviveis sdo as confeccionadas com
politetrafluoroetileno de alta densidade (PTFE) e PTFE reforcadas com titdnio. S&o
membranas inertes e biocompativeis. Estudos sugerem que o refor¢o de titanio pode levar a
uma maior capacidade regenerativa devido ao suporte mecanico adicional proporcionado pelo
titdnio contra as forcas compressivas exercidas pelos tecidos (JOVANOVIC; NEVINS, 1995).
Uma das desvantagens das membranas ndo reabsorviveis é a necessidade de uma cirurgia
adicional para sua remocao, o que implica em dor e desconforto ao paciente, além do custo
adicional. Para reduzir estes prejuizos foram desenvolvidas as membranas reabsorviveis
(BOTTINO et al., 2012).

Técnicas de processamento com base na fusdo de materiais solidos ou evaporagdo de

solventes foram utilizadas para fabricar membranas a base de polimeros biodegradaveis
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(LIAU et al., 2007). A maioria das membranas reabsorviveis para regeneracdo periodontal
podem ser confeccionadas a partir dos polimeros: &cido poliglicolico (PGA), &cido polilético
(PLA), policaprolactone (PCL) e seus copolimeros (BOTTINO et al., 2012). As membranas a
base de poliésteres sintéticos sdo biocompativeis, faceis de manipular e biodegradaveis.
Embora essas membranas tenham demonstrado inicialmente alta resisténcia, as mesmas
perderam suas propriedades estruturais e mecanicas dentro de 4 semanas (MILELLA et al.,
2001). Membranas a base de colageno foram sugeridas como alternativa aos polimeros
sintéticos, porém o alto custo, pouca definicdo das fontes comerciais e pobre desempenho in
vivo (BEHRING et al., 2008; BOTTINO et al., 2012) sugerem o estudo de novas alternativas.
Na busca de membranas periodontais biocompativeis e biodegradaveis com
caracteristicas e propriedades adequadas, aprimorou-se as técnicas de sintese de polimeros
naturais e sintéticos como fundicdo (LIAO et al., 2007; MILELLA et al., 2001), filtracdo
dindmica (TENG et al., 2009) e eletrospinning (BOTTINO et al.,, 2014; BOTTINO;
THOMAS; JANOWSKI, 2011; YANG et al., 2009). A técnica do eletrospinning possui
vantagens por ser de facil execucdo, versatil e relativamente de baixo custo (LIM; MAO,
2009). Essa técnica proporciona a sintese de scaffolds que funcionam como matrizes
artificiais com arquitetura tridimensional (3D) que impedem a migragdo de tecidos para o
interior do defeito, proporcionando um ambiente adequado para a RTG (IKADA, 2006).
Neste contexto, os scaffolds de PDS foram testados. A Poli (p-dioxanona) é um
poliéster biocompativel que apresenta excelentes propriedades mecanicas, com poder de
degradacdo (VAN DER VEEN; WINTHER; HEERINGA, 2009). Este polimero degrada-se
por hidrélise quimica no organismo, geralmente resultando em moléculas de baixo peso
molecular, podendo ser metabolizado ou reabsorvido pelo corpo (VAN DER VEEN;
WINTHER; HEERINGA, 2009). Entre as caracteristicas do PDS estdo a flexibilidade, a
memoria elastica e a resisténcia (BOLAND et al., 2005; GONOO et al., 2015; VAN DER
VEEN; WINTHER; HEERINGA, 2009). Além da aplicacdo do PDS como material de
sutura, este polimero é utilizado como substituto da valvula mitral e reparo da valvula
tricispide (CHRISTENSON; KALANGOS, 2009; KALANGOS et al., 2006), confeccdo de
stents de 6rgdos vasculares e ndo vasculares ( LI et al., 2014; LISCHKE et al., 2011; REPICI
et al., 2010; VONDRYS et al., 2011; ZAMIRI et al., 2010). Na forma de scaffolds, suas
propriedades mecénicas sdo compardveis com 0s principais componentes da matriz
extracelular nativa, ou seja, colageno e elastina (GONOO et al., 2015) , e os dados in vivo
(GOLLAPUDI et al., 2014) sugerem que a exposic¢ao a longo prazo aos scaffolds de PDS nao

alteram as fungdes das celulas do sistema de defesa imune inata e adaptativa. Neste contexto,
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os scaffolds de polidioxonona foram testados (BOTTINO et al., 2013; 2014; KAMOCKI,
NOR; BOTTINO, 2015)

Bottino e colaboradores (2014) verificaram a média do diametro das fibras de
scaffolds de PDS comparados aos scaffolds de PDS sintetizados com antimicrobianos. Os
scaffolds de PDS puro possuiam maior média de diametro da fibra (1158+402 nm), seguido
em ordem decrescente do scaffold com MET 5%wt (1108+£383 nm), scaffold 25%wt MET
(944+392 nm), scaffold 5%wt CIP (871 309 nm) e scaffold 25% CIP (765288 nm). As
caracteristicas mecanicas destes scaffolds foram observadas anteriormente (BOTTINO et al.,
2013), como teste de resisténcia a tracdo. Houve uma pequena reducdo dessas propriedades
nos scaffolds com MET e CIP se comparado ao scaffold controle (PDS). Entretanto, estes
scaffolds com antimicrobianos foram eficazes no controle bacteriano (BOTTINO et al., 2013;

2014), e ndo apresentaram reducao das células viaveis, exceto o scaffold com CIP a 25%wt.

2.2 ANTIMICROBIANOS

A presenca de periodontopatdgenos afeta negativamente o sucesso da regeneracao
periodontal e o controle desses agentes lesivos € de extrema importancia para que a terapia
alcance os resultados almejados (BOTTINO et al., 2012). A utilizagdo inadequada de agentes
microbianos pode causar resisténcia bacteriana (AMINOV, 2009), gerar reacOes de
hipersensibilidade e infec¢des oportunistas (CASSEL; MEKALANOS, 2001). Diante deste
cenario, pesquisadores buscam projetar materiais capazes de liberar estas drogas de maneira
controlada e localizada por um periodo de tempo especifico, como os scaffolds de PDS
confeccionados com metronidazol e ciprofloxacina (BOTTINO et al., 2012; 2014). Estes
scaffolds de PDS com antibioticos (25 wt%) tiveram liberacdo de 12% de metronidazol e 40%
de ciprofloxacina durante um periodo de 7 dias, 1 e em quantidade acima da concentracao
inibitéria minima dos periodontopatdgenos testados (BOTTINO et al., 2014).

Metronidazol é um antibiotico de amplo espectro utilizado no tratamento das infeccdes
periodontais (FREEMAN; KLUTMAN; LAMB, 1997), atua contra bacilos anaerébios Gram-
negativos e bacilos e cocos Gram-positivos (EL-KAMEL; ASHRI; ALSARRA, 2007), com
positivos resultados contra Porphyromonas gingivalis, em scaffolds de PDS (BOTTINO et
al., 2012). Esse antimicrobiano apresenta boa penetracéo e distribuicdo nos tecidos, liga-se
fracamente as proteinas plasmaéticas, atingindo uma concentragdo plasmatica méxima em 1 ou
2 horas ( DRUG INFORMATION HANDBOOK, 2005),
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J& a ciprofloxacina é uma fluoroquinolona utilizada isolada ou em conjunto com o
metronidazol no tratamento das DP, devido sua acdo contra o anerdébio facultativo A.
actinomycetemcomintans. No estudo de Bottino e colaboradores (2014), scaffolds de PDS
contendo ciprofloxacina inibiram o crescimento de Fusubacterium nucleatum e foram mais
eficazes contra Aggregatibacter actinomycetemcomitans se comparado aos scaffolds de PDS
com metronidazol. A utilizagdo de um scaffold confeccionado por um polimero biodegradavel
aprovado pela FDI, comumente usado em aplicagdes médicas e odontoldgicas como material
de sutura, capaz de liberar de forma direta e controlada antimicrobianos durante a terapia

regenerativa periodontal € altamente desejavel (BOTTINO et al., 2014).

2.3. BIOCOMPATIBILIDADE

O termo biocompatibilidade refere-se ao conjunto de propriedades desejaveis de um
material que serd inserido em um organismo vivo. A compatibilidade bioldgica abrange o
potencial citotdxico, alergénico e mutagénico dos materiais aos tecidos vivos (COSTA;
HEBLING; SOUZA, 2001). Os materiais que preenchem os requisitos bioldgicos sdo
denominados biomateriais, termo que se refere a qualquer substancia que possa ser utilizada
em periodo de tempo indeterminado como parte de um sistema e que objetive o tratamento ou
reposicdo de qualquer tecido (ANUSAVICE, 2005). Pesquisas envolvendo avaliagdo da
toxicidade de materiais devem obedecer a critérios especificos e aceitos internacionalmente
(SCHMALZ, 2002). Varios testes podem ser efetuados para verificar a compatibilidade
bioldgica de um material. A Federacdo Dentéria Internacional — FDI (ISO 7405) e a American
National Standards Institute\ American Dental Association —~ANSI\ ADA recomendam trés
niveis de avaliacdo para materiais dentarios, baseados em uma sequéncia de protocolos de
pesquisa, 0s gquais possuem como objetivo final determinar através de testes in vitro e in vivo,
a seguranca da aplicacdo clinica dos materiais odontolégicos em seres humanos (COSTA,;
HEBLING; SOUZA, 2001).

Os testes iniciais ou preliminares in vitro determinam de maneira preliminar o
comportamento bioldgico de materiais e de seus componentes de modo a simular as reacoes
bioldgicas desencadeadas quando colocados em contato com os tecidos do organismo
(HANKS et al., 1996). Modelos in vitro, como cultura de células, séo restritos, pois néo
podem prever a atividade bioldgica ou toxica possivel da interacdo de diferentes materiais
com células, fatores moleculares e 0 meio ambiente. Um tipo de scaffold pode comportar-se

diferente in vitro, in vivo, e em diferentes partes de um mesmo animal (LIU; CAO, 2007).
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Essa variabilidade interna ocorre devido a resposta tecidual do hospedeiro frente ao
biomaterial implantado. Segundo Spangberg & Langeland (1973), quando um material for
considerado toxico in vitro, sempre causara irritacdo tissular, entretanto, uma baixa toxicidade
in vitro ndo implica em uma baixa irritacdo tecidual in vivo, pois ha muitos fatores envolvidos
como a reabsorbilidade, solubilidade nos tecidos, fragmentacdo pelos fagécitos ou até uma
reacdo inflamatdria induzida (MIYAGAKI, 2011).

Os testes secundarios sdo aqueles que avaliam a toxicidade local realizados em
animais de pequeno porte. Estes testes in vivo verificam a sensibilidade e o padrdo de resposta
tecidual de materiais implantados em tecido conjuntivo subcutdneo e 6sseo de animais
(COSTA; HEBLING; SOUZA, 2005; SOUSA et al., 2006). O terceiro nivel sdo os testes que
envolvem animais como cdes e macacos, entretanto sdo considerados de alto custo,
demorados e dificeis de serem controlados (HAUMAN; LOVE, 2003).

2.4. MODELO SUBCUTANEO

O modelo de implantacdo subcutanea em pequenos animais é ideal para examinar a
resposta tecidual devido as propriedades fisicas de um determinado material, como forma,
densidade, dureza as quais podem influenciar nas reacOes teciduais apresentadas
(ANUSAVICE, 1998). Este modelo pré-clinico € amplamente utilizado pela praticidade,
baixo custo (GHANAATI et al., 2010), sendo considerado valido nas etapas preliminares da
pesquisa de histocompatibilidade de diversos materiais (ADA, 1972).

A taxa de absorcdo subcutanea em animais parece ser mais rapida do que em seres
humanos. A fisiologia da hipoderme e sua diferenca entre as espécies precisam ser
considerados. O paniculo carnoso localizado na derme de ratos facilita a absorcdo de
farmacos devido a presenca de capilares e linfa ausente (WELLS et al., 2010). Mais pesquisas
sd0 necessarias para melhorar a compreensdo dos eventos durante a absorcdo subcutanea,
porém sabe-se que compdsitos moleculares com peso inferior ou igual a 16 kDa atingem a
circulacdo através de capilares sanguineos, j& moléculas de peso superior entram na
circulacdo indiretamente através de vasos linfaticos (RICHTER; BHANSALI; MORRIS,
2012).
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2.5. INFLAMACAO

O uso de materiais biocompativeis e o grau de inflamacdo causado sdo de grande
importancia para a recuperacao dos tecidos e do paciente (ZAFALON, 2004). A inflamacéo é
uma reagdo dos tecidos vascularizados a um agente agressor caracterizada pela saida de
liquidos e de células do sangue para o intersticio. Varios modelos experimentais foram
utilizados para compreender os eventos vasculares que ocorrem durante a inflamacéo, antes
restritas aos sinais cardinais calor, eritema, edema, dor- descrita por Cornelius Celsus - e
alteracdes funcionais por Virchow (CONSOLARO, 2009).

A resposta inflamatéria ocorre devido a liberagdo de mediadores que induzem
modificagdes na microcirculacdo e migracdo de fagocitos para o intersticio. Os mediadores
(citocinas) ficam armazenados em células (mastocitos), em terminais nervosos ou S&o
produzidos por outras células (mondcitos, macrdfagos, neutrofilos, linfocitos e células
parenquimatosas ou do estroma). Esses mediadores s&o liberados em tempos diferentes
durante o processo inflamatorio. Os mediadores imediatos sdo responsaveis pelo inicio dos
fendmenos vasculares e exsudativos, enquanto os de liberacdo mediata atuam na manutencéo
desses fendmenos e inicio dos fenbmenos reparativos. Assim, sdo reconhecidos dois tipos de
inflamacéo: aguda e crénica (ROBBINS et al., 2008).

2.5.1 Inflamacdo aguda

A resposta imediata a um agente lesivo possui dois principais componentes: alteracdes
vasculares e eventos celulares. Segundo Kumar e colaboradores (1995), os fendémenos
vasculares sdo caracterizados por aumento do fluxo sanguineo para a area lesada, resultante
da dilatacdo das artérias e abertura dos capilares. O aumento da permeabilidade vascular
resulta em acumulo de liquido extracelular rico em proteinas, que forma o exsudato.
Posteriormente, ocorre a exsudacdo de liquido e proteinas plasmaticas e acumulo de
leucdcitos. O tipo de leucdcito varia com o tempo da resposta inflamatoria. Na maioria das
inflamacdes agudas, os neutrofilos predominam o infiltrado inflamatério durante as primeiras
4 a 24 horas, sendo substituidos por monocitos em 24 a 48 horas (COOK-MILLS; DREEM,;
2005; MAYADAS; CULLERE; LOWELL, 2014).

A ativacdo leucocitéria resulta em fagocitose de substéncias nocivas, producdo de
mediadores que amplificam a reacdo inflamatoria e produgdo de substancias que incluem

enzimas lisossomicas e espécies reativas de oxigénio (ROS) (MAYADAS; CULLERE;



24

LOWELL, 2014). Quando secretadas em niveis baixos ou moderadas, as ROS podem
aumentar a expressdo das moléculas de adesdo, citocinas e quimiocinas, amplificando a
cascata de mediadores inflamatorios, apresentando efeitos benéficos nas funcdes fisiologicas
(GUTTERIDGE; HALLIWELL, 2010). Entretanto, o acimulo dessas ROS podem causar
danos a lipidios, carboidratos, proteinas e outros componentes celulares, caracterizando o
estresse oxidativo (CHAPPLE, 1997; CHAPPLE; MATTHEW, 2007; HALLIWELL,
GUTTERIDGE, 1984).

2.5.2 Inflamagéo crdnica e reparo

Ao contrario da inflamacdo aguda, que € caracterizada pelas alteracdes vasculares e
celulares, a inflamacdo cronica caracteriza-se pela infiltracdo de células mononucleadas
(macrdfagos, linfacitos e plasmécitos), destruicdo tecidual induzida pelos produtos das células
inflamatorias e reparo envolvendo angiogénese e fibrose (SHERWOOD; TOLIVER-
KINSKY, 2004). Os mondcitos ao alcancar o tecido extravascular sofrem transformacédo em
macrofagos maiores, que quando ativados, resultam em um aumento do seu metabolismo e
maior capacidade de destruir o agente lesivo. Apos a ativagdo, os macréfagos secretam uma
variedade de produtos que, se desimpedidos, resulta em lesdo tecidual e fibrose. Estes
produtos sdo proteases, ROS, citocinas e fatores de crescimento (LAWRENCE; GILROY,
2007). As citocinas e fatores de crescimento regulam a quimiotaxia e proliferacdo de
fibroblastos, a sintese de coldgeno e angiogénese necessarios para 0 processo de reparacao
tecidual (GRANSTEIN et al., 1987).

2.6. BIOMARCADORES ENZIMATICOS INFLAMATORIOS: MIELOPEROXIDASE
(MPO) E N-ACETIL-B-D-GLICOSAMINIDASE (NAG)

A deteccdo da atividade das enzimas MPO e NAG pode ser utilizada como marcador
da atividade de leucocitos PMN, mondcitos e macréfagos. A MPO é uma enzima chave na
imunidade inata na defesa contra agentes patogénicos (KLEBANOFF, 2005). Esta enzima é
uma hemeproteina cationica, considerada como a principal constituinte dos granulos
azurdfilos dos neutrofilos e encontrada em menor quantidade em mondcitos. Liga-se
facilmente a superficies bacterianas, componentes da matriz extracelular e membranas
celulares (VEEN; WINTHER; HEERINGA, 2009). A MPO é prontamente liberada dentro do

fagossomo ou para 0 espaco extracelular apos sua ativacdo por diferentes agonistas (LAU,;
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BALDUS, 2006). A MPO catalisa reacOes através do peroxido de hidrogénio, formado pelo
sistema NADPH oxidase, produzindo o &cido hipocloroso (BORREGAARD; COWLAND,
1997; FAURSCHOU; BORREGAARD, 2003). O conjunto MPO, perdxido de hidrogénio e
acido hipocloroso provou ser um poderoso sistema antimicrobiano. Além da sua funcdo de
gerar ROS, a MPO tem sido descrita como um potente mediador inflamatério, envolvida na
homeostase celular, induzindo tanto a iniciacdo como a manutencdo de numerosos eventos
inflamat6rios (ROMAN; WENDLAND; POLANCZYK, 2008).

A NAG é uma enzima hidrolitica lisossomial presente em niveis elevados em
macrofagos ativados, considerada um indicador indireto da presenca de células
mononucleadas no foco inflamatério crénico (BAILEY, 1988; OLIVEIRA et al., 2014). Estas
bioenzimas inflamatorias quando ativadas, sofrerdo degranulacdo promovendo a liberacao de
mediadores inflamatorios, incluindo aminas, citocinas, quimiocinas e mediadores lipidicos
(LAWRENCE; GILROY, 2007).

2.7. RADICAIS LIVRES E ESTRESSE OXIDATIVO

Radicais livres sdo espécies quimicas (atomos ou moléculas) os quais tém um numero
impar de elétrons em sua Orbita externa. Os elétrons ndo possuem um pareamento na ultima
camada o que confere uma alta reatividade e instabilidade desses estados quimicos
(HALLIWELL, 1992; HALLIWELL; GUTTERIDGE, 1984). As ROS sdo produzidas
durante o metabolismo mitocondrial fisiol6gico através das reacbes de reducdo-oxidacao. Os
principais radicais gerados na producdo parcial de oxigénio sdo os radicais superoxido (O;),
peroxido de hidrogénio (H,0,), hidroxila (OH") e hidroperoxila (HO;) (HALLIWELL,;
GUTTERIDGE, 1984).

As células desenvolveram mdltiplos mecanismos para a protecdo contra ROS e
abrangem a protecdo enzimatica ou ndo enzimatica. No sistema enzimatico estdo incluidos
superdxido dismutase (SOD), a catalase (CAT), a glutationa redutase e glutationa peroxidase
(SCHAFER; BUETTNER, 2001). Este sistema atua diminuindo a producdo dos radicais
livres. J& no sistema ndo enzimatico estdo incluidos a glutationa reduzida (GSH), vitamina C
(VIT. C) e vitamina E. A GSH esta presente na maioria das células e sua capacidade redutora
é determinada pelo grupamento —SH, presente na cisteina. Ap6s a exposicdo da GSH ao
agente oxidante, ocorre sua oxidagdo a GSSG, onde a glutationa peroxidase (GSSH) protege
contra a lesdo catalisando a degradacdo de radicais (HEBBEL, 1986). As vitaminas C e E

podem bloquear a formacéo de radicais livres ou removeé-los.
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Quando a producdo de ROS aumenta ou quando os sistemas de remocdo desses
radicais sdo ineficientes, o resultado é o excesso de radicais livres que se denomina estresse
oxidativo (EO) (HALLIWELL, 1993). O EO é um processo deletério que pode ser um
importante mediador de danos a estruturas celulares, incluindo os lipidios de membranas,
proteinas e DNA. A leséo celular mediada por radicais livres ocorre através de trés reagdes:
peroxidacgdo lipidica das membranas onde as ligagdes duplas de lipidios das membranas s&o
atacadas pelos radicais livres, que geram interacfes lipidio-radical, gerando peroxidos
instaveis e reativos os quais alteram a estrutura e permeabilidade das membranas celulares
(MELLO; HOFFMAN; MENEGHINI, 1983, TSAI et al., 2005); ligacdo cruzada das
proteinas onde os radicais livres promovem essa ligacdo por sulfidrila, resultando na
degradacdo ou perda da atividade enzimatica, podendo causar também fragmentacdo dos
polipeptidios (YAN; TRABER; PACKER, 1995); fragmentacdo do DNA onde os radicais
livres reagem com a timina do DNA mitocondrial e nuclear produzindo a quebra do filamento
unico no DNA, resultando na morte celular (BRIGANTI; PICARDO, 2003).

Figura 2 - Esquema do papel das espécies reativas de oxigénio (EROs).
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2.8 COLAGENO

O coladgeno é uma macromolécula composta de trés cadeias polipeptidicas de
aminoacidos, entrelacadas umas com as outras em uma configuracdo helicoidal sendo o
componente mais importante na reparacio de tecidos (THORNTON; BARBUL, 1997). A
medida que as moléculas de coldgeno se agrupam, sua composicdo passa a receber
denominacdes diferentes como colageno, procolageno, microfibrilas, fibrilas e fibras
colagenas (GARTNER; HIATT, 2003; JUNQUEIRA; CARNEIRO, 2004; MINOR, 1980;
ZAGRIS, 2000).

As fibras colagenas apresentam-se estruturalmente distintas, variando sua forma,
tamanho, espessura, orientacdo e posicdo das cadeias helicoidais. Devido a essa variabilidade,
localizacdo e funcéo nos tecidos, as fibras coladgenas foram classificadas em diferentes tipos.
Atualmente, a familia de coldgenos é composta por mais de 20 tipos (EYDEN;
TZAPHLIDOU, 2001; KESLER et al., 2000; OTTANI et al., 2001). 80 a 90% do colageno
encontrado no organismo humano é classificado em tipos I,11 e 111 (LODISH et al., 2000). As
fibras colagenas tipo | produzidas por fibroblastos, conferem a resisténcia tensora dos tecidos.
Apresenta estrutura fibrilar, com fibras espessas e densas, altamente birrefringentes a luz
polarizada. Sdo encontradas em todos os tecidos conjuntivos, principalmente na pele, 0Ssos,
tenddes e parede dos vasos sanguineos (BARTOLD et al., 2000; JUNQUEIRA; CARNEIRO,
2004; KESLER et al., 2000; MONTES; JUNQUEIRA, 1991; SCHROEDER; LISTGARTEN,
1997).

O colageno tipo Il ou fibrilas de reticulina tende sempre estar associado com o tipo I.
Ao contrario do tipo I, estas fibras tem pouca resisténcia a tensdo, porém confere a
integridade estrutural. Apresenta estrutura fibrilar, sdo finas e alongadas com baixa
birrefringéncia a luz polarizada, exibindo padrdo reticular e encontradas de maneira difusa
nos tecidos (BARTOLD et al., 2000; JUNQUEIRA et al, 1982; SCHROEDER;
LISTGARTEN, 1997; OTTANI et al., 2001). Durante o processo de reparo, o remodelamento
do coladgeno modifica a proporgéo entre o coldgeno tipo | e tipo I11. A resisténcia de um tecido
poderia ser mais bem definida pela determinacdo da proporgéo entre fibras colagenas tipo | e
tipo 11, ou seja, pela presenca de coldgeno maduro e imaturo (KORUDA; ROLANDELLLI,
1990).

Mulder e colaboradores (2012) avaliaram o efeito de scaffolds isotropicos e
anisotropicos de poliuretano na orientagdo do colageno em modelo subcuténeo. Eles

verificaram que scaffolds isotropicos continham fibras colagenas de 4 semanas em diante com
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colageno alinhado aleatoriamente. J& os scaffolds anisotropicos continham fibras colagenas a
partir de 8 semanas alinhados ao longo dos poros. O estudo mostrou que a arquitetura dos
poros presentes nos scaffolds guiam a deposicdo e orientacdo do colageno. Porém nesse

estudo, ndo houve a diferenciacao entre os tipos de fibras colagenas formadas.
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3 ARTIGO - BIOCOMPATIBILITY OF POLYDIOXANONE E-SPUN
NANOFIBROUS SCAFFOLD CONTAINING METRONIDAZOLE OR
CIPROFLOXACIN USING THE SUBCUTANEOUS IMPLANTATION MODEL IN
WISTAR RATS

Este artigo sera submetido ao peridédico Dental Materials, Elsevier, ISSN: 0109-5641,

Fator de impacto = 3.769; Qualis A1. As normas para publicacdo estdo descritas no Anexo A.
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ABSTRACT

Objectives: To evaluate the biocompatibility of polydioxanone (PDS II®) scaffolds for
periodontal regeneration containing metronidazole (MET) or ciprofloxacin (CIP) to 25% wt
in a model of subcutaneous implantation in rats Wistar.

Methods: Sixty adult male rats were randomized into six groups: negative control (SHAM) —
subcutaneous pocket without scaffold; positive control (PDS) - one PDS 1I® scaffold; IMET
— one PDS II® containing MET, 2MET - two PDS II® scaffolds, 1 CIP — one PDS II®
scaffold, 2 CIP — two PDS II® scaffolds. The animals were sacrificed 3 and 30 days, to
evaluate initial and late inflammatory response, respectively. Outcomes were: profile
oxidative, myeloperoxidase (MPO), N-acetyl-B-D-glucosaminidase and collagen fibers. The
evaluations were performed by a blinded examiner for the experimental groups. The date
were statistically analyzed (p<0.05).

Results: Antibiotic incorporation to the PDS matrices improved the oxidative profile when
compared to PDS scaffold, particularly in 2CIP group. There were no significant (p>0.05)
changes in quantify and qualify of collagen fibers in all groups.

Significance: Findings of this research suggest a potential study of these scaffolds PDS with
MET and CIP in regenerative models, able to confirm the effectiveness of these artificial
matrices for periodontal regeneration.

Key words: Antibiotics. Biomaterials. Drug delivery. Electrospinning. Periodontitis.

Polydioxanone. Regeneration. Tissue enginnering.
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1. INTRODUCTION

Periodontitis is an inflammatory disorder that leads to the destruction of tooth support
tissues and, ultimately, resulting in tooth loss. This destruction is caused by an imbalance
between a wide range of microorganisms and host response, which is modified by various
genetic, epigenetic, and environmental factors [1]. Periodontitis is very common in developed
and developing countries [2-4]. Data from World Health Organization showed that severe
periodontitis exists in 5-20% of most adult populations worldwide [5], and moreover, severe
periodontitis is the sixth-most prevalent condition in the world [6].

The periodontitis treatment consist mechanical removal of biofilm and mineralized
deposits on root surface by scaling and root planing (SRP) [7]. Even though, some clinical
gain in tissue support may be attained, SRP do not support regeneration of the lost alveolar
bone. Many patients have to live with the undesirables’ consequences of the advanced
periodontitis, such as exposed root surfaces, loss of keratinized attached gingiva, alveolar
craters, tooth mobility, and anatomical sequelae that difficult the adequate control plaque.

Periodontal-regenerative technologies can be applied: (i) to increase the bone support
of severely compromised teeth, reducing the degree of residual tooth mobility; (ii) to decrease
the pocket depth, which has been associated with an increased probability of tooth loss in
patients attending supportive periodontal therapy [8]; (iii) to reach adequate aesthetic features
such as no, or minimal gingival recession; (iiii) to obtain tissue anatomy that facilitates the
of periodontally compromised teeth. “The possibility of changing the prognosis of a tooth
from “questionable” into “favorable” would help clinicians and patients to maintain teeth over
time with appropriate function” [9].

Periodontal regenerative medicine has focused on regenerative materials on one side,

and on novel surgical approaches on the other side [10]. Evidences from animals studies
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showed that under optimal condition for wound healing, relevant periodontal regeneration
occur, and, moreover, space provision positively influences the extent of periodontal
regeneration [11-13].

Barrier membranes have been employed in so-called guide tissue/bone regeneration
(GTR/GBR) [14,15]. Historically, GTR devices have been used to mechanically select the
cells able to repopulate the blood clot, preventing connective and epithelial tissue migration
into the defect. Then, progenitor cells located in the remaining periodontal ligament, adjacent
alveolar bone, and/or blood are able to repopulate the root area and differentiate into a new
periodontal support apparatus [16]. RTG devices should be designed with sufficient strength
to avoid the membrane collapse into defect assuring the space-provision necessary for
regenerative process [11-13]. Simultaneously, they should present biocompatibility to allow
integration with the host tissues without eliciting inflammatory event, porous to allow nutrient
exchange while preventing soft tissue infiltration, and to have adequate degradation rate, since
these membranes must function during 4 weeks [17,18] to allow successful regeneration of
the periodontal system.

Current membrane, with few exceptions, does not possess structural integrity to resist
compressive forces to provide or maintain space provision. They commonly collapse or are
compresses into the periodontal defects [19,20], resulting in limited or none regeneration [16].
Conventional non-resorbable membranes have as disadvantage the necessity of a second
surgery, which implicates in additional discomfort and economic burden. Resorbable
membranes do not require a secondary surgical procedure. The polyester-based membranes
are biodegradable, allow tissue integration and are easier to handle when compared to non-
resorbable membranes. However, their poor cell response is a great drawback [19,21,22].
Collagen membranes have excellent cell affinity and biocompatibility [21,22], but they show

relatively poor mechanical and dimensional stability due to their rapid degradation and
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precipitate collapse [21,22]. The disadvantages presented by both non-resorbable and
resorbable membranes make clear the necessity of the “ideal” membrane development. The
limitations of current membranes are evidenced by clinical studies. GTR-based procedures are
generally considered unpredictable given the great variability found in clinical outcomes
[23,24].

Numerous authors have been explored electrospinning technique to generate
nanofibrous scaffolds for tissue regeneration [19,25,26]. The advantage of e-spun nanofibrous
scaffolds is that their pore size are too small to allow cellular infiltration, but they allow fluid
and nutrients exchange [27]. E-spun nanofibrous scaffolds resemble the morphologies of the
native extracellular matrix, and their three-dimensional structure (3D) shows a high surface
area of improved hydrophilicity and wettability [28-30]. These characteristics stimulate the
cell-matrix extracellular interactions, increase the proliferation rate, maintain cell phenotype,
support differentiation of stem cells, and support in vivo-like-three-dimensional matrix
adhesion [31,32]. Researchers also have explored e-spun nanofibrous scaffolds incorporating
antimicrobial agents [33—-36] with promising outcomes in the infection control [33-35].

The synthesis and characterization of a mechanically strong biodegradable
polydioxanone polymer-based e-spun antibiotics-containing nanofibrous scaffold was
reported by Bottino and colleagues [37—39]

These scaffolds presented: (i) adequate mechanical properties to sustain handling, and
to maintain its structure during regenerative procedures; (ii) inhibitory effect on biofilm of
Porphyromonas gingivalis, Aggragatibacter actinomycetemcomitans and Fusobacterium
nucleatum with no inhibitory effect on commensal bacteria biofilm, such as Lactobacillus
casei and Streptococus salivarius, (iii) and controlled release of drug. Biodegradable

nanofibrous drug delivery systems could promote a bacterial free environment favorable to



35

GTR, and could help in the failures percentage reduction due to the infection, while
minimizing the adverse effects associated with the use of the systemic antibiotics.

Discovery and characterization of biological mechanisms and materials involves the
use of in vivo animals’ models. Thus, our proposal was to evaluate the biocompatibility of
polydioxanone e-spun antibiotics-containing nanofibrous scaffold in subcutaneous
implantation model in rats, which is commonly used for this aim [40-43]. We evaluated
initial (3 days) and late (30 days) inflammatory response on the following outcomes: tissue
oxidative profile, myeloperoxidase, N-acetyl-B-D-glucosaminidase and collagen fiber
degradation, and systemic inflammatory response from white blood counts.

2. MATERIAL AND METHODS
2.1 Synthesis of electrospun drug delivery systems

Polydioxanone monofilament surgical sutures (PDS 1lI®, Ethicon, Somerville, NJ,
USA) were cut into pieces and placed into glass vials containing dichloromethane (Sigma
Aldrich, St Louis, MO, USA) to remove the violet dye [38]. Clear PDS was dissolved in
1,1,1,3,3,3-hexafluoro-2-propanol (Sigma Aldrich) at a 10wt% concentration with stirring.
Metronidazole (Sigma Aldrich) with molecular weight (M) of 171.15 g/mol, or ciprofloxacin
(Sigma Aldrich) with My, of 331.346 g/mol, were directly added in 25wt% concentration
(respective to the total polydioxanone/PDS weight) and mixed together under vigorous
stirring. A custom-made electrospinning apparatus was used to synthesize the different drug
delivery systems following standard electrospinning practices [37,38].

Pure PDS or antibiotic-containing PDS solutions were individually loaded into plastic
syringes fitted with a 27-gauge stainless steel needle and electrospun directly over glass slides
under optimized parameters (i.e., 15 kV power voltage to the needle tip, 20 cm collection
distance and a flow rate of 1 ml h™). The fibers were collected at room temperature on the

aluminum foil covered rotating mandrel containing the glass slides. The electrospun scaffolds
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were dried at room temperature in vacuum desiccators for at least 48 h to remove any residual
solvent [37,38].
2.2 Experimental design

The experimental protocols followed ARRIVE (Animal Research: Reporting of In
Vivo Experiments) guidelines and was approved by Committe on Animal Research of the
Federal University of Santa Maria, Brazil (4141250315).

Sixty rats (male, Rattus norvegicus albinus, Wistar) with 90 days old (250-300 g) were
housed (5 animals per cage). They were fed with regular rat pellets and distilled water ad
libitum. The room presented controlled temperature (23+1°C), relative humidity of the air
close to 60% and exhaust air, noise control (maximum 85 decibels), and standard light-dark
cycle (12 hours each). Before the experimental procedures, the animals were allowed to
acclimatize to the laboratory environment for a period of 2 weeks.

The animals were allocated into two groups (30 rats per group) to evaluate the initial
(3 days) and late (30 days) inflammatory response to the scaffolds implantation. A computer
program (Random Allocation Software, version 1.0, May 2004) was used to randomly
allocate the animals into the experimental groups according Table 1. One study team member
(RM) performed the randomization process.

Table 1. Experimental groups description.

Animal number to Animal number to
Experimental Grouns evaluate initial evaluate late
P group inflammatory inflammatory
response: 3 days response: 30 days
SHAM  One subcutaneous pocket, no scaffold. 5 5
1PDS One polydioxanone scaffold. 5 5
One polydioxanone scaffold containing
IMET metronidazole 25wt% per rat. > >
Two polydioxanone scaffolds containing
2MET metronidazole 25wt% per rat. ° °
1CIP Qne polydlc_)xanone scaffold containing 5 5
ciprofloxacin 25wt% per rat.
2CIP Two polydioxanone scaffolds containing 5 5

ciprofloxacin 25wt% per rat.
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The surgical procedures were performed for one operator (PCP) and in the order of the
randomization sequence. The operator preformed subcutaneous pockets and after was
informed if the animals received the scaffold or not. The scaffolds presented the same size,
coloration and flexibility. Thus, the operator was masked to the experimental groups.

Animals were anesthetized with ketamine (70 mg/kg) and xylazine (6 mg/kg), via
intramuscular. The back of each rat shaved, and scrubbed with chlorhexidine (2%) to disinfect
and draped for sterile surgery. One incision (3 cm) was performed through the skin on right
side of the midline. For animals of the 2MET and 2CIP groups, one incision (3 cm) on each
side of the midline with at least 2 cm distance from each other was performed. In each
incision, a pouch was created subcutaneously (3 - 4 cm?) using blunt dissection. Scaffold (2 x
2 cm) was implanted in each subcutaneous pouch, with exception of the SHAM animals. The
skin incisions were subsequently stitched with non-resorbable 6.0 sutures (Ethicon) and
adhesives strips (Leukostrip, Smith & Nephe Ltda, SP, Brazil).

After 3 and 30 days, the animals were anesthetized with an inhalation of isoflurane
(3%) (Isoflurano, BioChimico, Itatiaia, RJ, Brazil) in an oxygen carrier. Blood was collected
by cardiocentese (22G1 needle and 5 ml syringe) in EDTA anticoagulant tubes. Euthanasia
was performed by total exsanguinations at the corresponding time point (3 and 30 days), and
implants retrieved for evaluations.

Immediately after death, the biomaterials were explanted together with the
surrounding peri-implantation tissue. The biopsy was sectioned in two equal segments. One
segment was used to analyze the tissue oxidative status and cellular enzymatic profile, and the
other segment was fixed in 4% buffered formalin for 72 h prior to histological analysis

(Figure 1).



38

Peripheral region

Histological analysis
Il
b Central region
’—”
| | |:“> - g‘-c}xldative analysis and
cellular enzymatic analysis Figure 1 Samples diagram for
[ s 1 oxidative, cellular enzymatic activity
B mese and histological analysis

2.3 Evaluation methods
2.3.1 Oxidative status

Oxygen reactive species (ROS) are produced in mitochondria during respiratory chain
electron transport and they should be rapidly transformed into more inactive species by the
antioxidant defenses. However, the increased production of ROS during the inflammatory
process cannot be counteracted by a concomitant increase in enzymatic (catalase, glutathione,
superoxide dismutase) and nonenzimatic (vitamin C) natural antioxidant defenses producing
cellular damage, which can be measured from protein carbonylation and lipidic peroxidation.
Oxidative stress occurs when there is an imbalance toward the pro-oxidant side of the pro-
oxidant/antioxidant homeostasis, promoting tissue damage.
2.3.1.1 ROS generation with DCH

ROS levels were quantified using the oxidant-sensing fluorescent probe, 2,7-
dichlorofluorescein diacetate (DCHF-DA). The oxidation (DCHF-DA) to fluorescent
dichlorofluorescein (DCF) was determined at 488 nm for excitation and 525 nm for emission.
Tissue samples were added to a medium containing TrisHCI buffer (0.01 nM, pH 7.4) and
centrifuged (15 minutes, 3040 rpm). After homogenization, DCHF-DA was added to the
solution for 1 hour until fluorescence measurements procedure. DCF-RS levels were

corrected by the protein content [44].
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2.3.1.2 Protein carbonyl (PC) determination

PC is a type of protein oxidation that can be promoted by ROS. It usually refers to a
process that forms reactive ketones or aldehydes that can be reacted by 24-
dinitrophenylhydrazine (DNPH) to form hydrazones. PC was measured according to Yan et
al. (1995) with some alterations. Aliquots of tissue sample homogenized in TrisHCI buffer
(10 mM, pH 7.4) were mixed with 0.2 ml of DNPH (10 mM). After 1 hour of incubation at
room temperature in the dark, 0.5 ml of denaturing buffer (150 mM sodium phophate buffer,
pH 6.8, 3% SDS), 2 ml of heptane (99.5%) and 2 ml of ethanol (99.8%) were added
sequentially, mixed for 40 seconds and centrifuged for 15 minutes. Thereafter, the protein
isolated from the interface was washed twice with ethyl acetate/ethanol 1:1 (v/v) and
suspended in denaturing buffer. Each sample was measured at 370 nm against the
corresponding HCI sample (blank), and total carbonylation calculated using a molar
extinction coefficient of 22 000 M™ cm™. The results were expressed as the nmol carbonyl/g
tissue™[45].
2.3.1.3 Lipidic peroxidation (LP) estimation

LP or reaction of oxygen with unsaturated lipids occurs when reactive oxygen species
attack the polyunsaturated fatty acids of the fatty acid membrane, initiating a self-propagating
chain reaction. The destruction of membrane lipids and the end-products of such lipid
peroxidation reactions are especially dangerous for the viability of cells. One product of lipid
peroxidation is the malondialdehyde (MDA), which present facile reaction with thiobarbituric
acid (TBA) yields an intensely colored chromogen fluorescent red. LP was measured by
reaction of MDA with TBA, as described by Ohkawa et al. [46]. A pink chromogen was
generated and spectrophotometrically measured at 532 nm. The TBARS levels (substances

that react with TBA) were expressed as nmol of MDA g tissue™.
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2.3.1.4 Catalase (CAT) activity

CAT is an enzyme that catalyses the decomposition of hydrogen peroxide to water and
oxygen, protecting the cells from oxidative damage by ROS. CAT activity was
spectrophotometrically quantified in tissue sample, which includes monitoring the
disappearance of H,0, in the presence of cell homogenate (pH 7 at 25°C) at 240 nm. The
disappearance of H,0, is directly proportional to the CAT activity. The enzymatic activity
was expresses as pmol H,0, g tissue™ min™,
2.3.1.5 Glutathione (GSH)

GSH is one the most important cellular antioxidants. GSH react with 5,5’-dithiobis-(2-
nitrobenzoic acid) (DTNB) generating the 5-mercapto-2-nitro-banzoic acid (TNB) which is
determined by its absorption at 412 nm. GSH levels were determined after the reaction of
tissue sample homogenates DTNB, which is reduced by GSH, generating the yellow color
solution measured at 412 nm (TNB). GSH levels were express as pumol GSH per g tissue
sample [47].
2.3.1.6 Vitamin C (VIT C)

Ascorbic acid or VIT C is a redox catalystic, which can reduce, and thereby neutralize,
ROS such as hydrogen peroxide. VIT C was estimated as described by Galley et al. [48], with
some changes [49]. This method produces an orange chromogen by the reaction with
dinitrophenylhydrazine at 37°C, measured spectrophotometrically at 520 nm. A standard
curve using ascorbic acid was used to calculate the content of VIT C and expressed as mg
VIT C g tissue™.

2.3.2 Histological analysis

The segment used to histological analysis was cut into two identical segments [41].

These tissue segments contained the peripheral and center region (Figure 1) of the

implantation bed. Further processing involved dehydration of the biopsies and paraffin
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embedding. Accordingly, from each animal two consecutive 5um serial sections were cut
from each segment (peripheral region- and center- of the biopsies). Masson’s trichrome (MT)
staining was used for the first section (Sigma Aldrich) and Picrosirius Red (PRed) (Picrosirius
Red Staining, Easy Path®, Sao Paulo, SP, Brazil) for second section.

The sections dyed with MT were digitalized at x 200 magnification using optical
microscopy (Axiovision; Carl Zeiss Microlmaging, Jena, Germany). From left margin of
tissue sample, fields of view were numbered consecutively up to right margin. On average 14
fields were displayed. Of these, the fields 7, 8, and 9 were selected to determine the
percentage of area occupied by collagen fibers from peripheral and central region. The image
of the fields was obtained using image-processing software (Zen lite 2012 blue edition, Carl
Zeiss Microlmagnig, Jena, Germany). The images were transferred to another images
software (ImageJ v1.50i, National Institutes of Health, USA), in which they were binarized
and the percentage of area filled by collagen fibers was calculated [50]. Descriptive analysis
of collagen fiber was performed in the same fields (7, 8 and 9) using sections dyed with PRed
at x 400 magnification using polarization microscopy (Leica, model DM2000, v. 4.0,
Germany) (Figure 2).

All the histometric analyses were performed by one examiner (PCP), who was blinded

to the experimental groups.
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2.3.3 Measurement of myeloperoxidase (MPO) and N-acetyl-p-D-glucosaminidase
(NAG) activities

MPO and NAG enzyme activities were evaluated as previously described by Oliveira
et al. [51]. Tissue samples were homogenized in acetate buffer (80 mM, pH 5.4) containing
0.5% hexadecyltrimethylammonium bromide and kept at 4°C. Immediately before the assay,
the tissue homogenate was centrifuged at 11,000 x g for 20 min and the supernatant was then
collected for assay.

To determine the MPO enzyme activity, the supernatant was incubated with 3,3',5,5'-
tetramethylbenzidine solution (18.4 mM) for 3 minutes at 37°C. The reaction was stopped on
ice by the addiction of acetic acid. The color formed was analyzed by a spectrophotometer at
630 nm. Otherwise, in order to determine NAG activity, the supernatant was mixed with p-
nitrofenil-2-acetamide-f-D-glucopyranoside (NAG 2.25 nM) and incubated for 60 minutes at
37°C. After this time, the reaction was stopped on ice by the addition of glycine buffer (0.2
MM, pH 10.4). The color formed was analyzed by a spectrophotometer at 405 nm. Both
reactions were read on a Fisher Biotech Microkinetics BT 2000 microplate reader. Values

were expressed as optical densities and corrected by ml sample.
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2.4 Statistical Analysis

Mean and standard deviation (SD) were calculated for data of oxidative profile, MPO
and NAG activities and percentage of collagen fiber.

Normality of the data was analyzed using the Shapiro-Wilk test. The intergroup
analyses were performed with Two-way ANOVA and post hoc Duncan’ test. Differences
were considered significant when p<0.05. The program Statistics 8.0 was used for all
analyses.

3. RESULTS
3.1 Oxidative status

Oxidative status profile of the animals in 3 and 30 days were presented in Figure 3.

PDS scaffold statistically increases ROS production when compared to the SHAM for
both evaluation periods. However, only in 3 days, PDS promote higher cellular damage from
LP and PC when compared to the SHAM only in 3 days.

In 3 days, antibiotics scaffolds showed a significant statistically reduction of ROS
when comparing to the PDS scaffold, with exception 1CIP group. 2CIP was the only group
that simultaneously reduced the cellular damage from LP and PC when comparing to the
PDS, presenting, thus, the best results in this evaluation time. In 30 days, the best results were
verified from IMET, 2MET and 2CIP that showed protective effect for cellular damage, yield
lower statistically LP levels when compared to the PDS and SHAM, and, at the same time,
they were statistically similar to the PDS and SHAM regard PC levels.

In 3 days, SHAM animals consumed highest levels of antioxidant defenses, especially
VIT C, explaining its lower cellular damage. Despite PDS shows similar consume of
antioxidant defense when compared to the antibiotics scaffolds, and similar CAT consume
when compared to the SHAM, PDS presented highest cellular damage via LP. The imbalance

toward the pro-oxidant side of the pro-oxidant/antioxidant homeostasis, promoting tissue
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damage associated with oxidative stress in animals that received PDS scaffolds. In 30 days,
1CIP showed the highest PC levels and the lowest consume of CAT, GSH and VIT C. Thus,
1CIP do not obtained enough antioxidant defenses to stop cellular damage.

The oxidative results of the animals that received the implantation of two scaffolds
were different from those that received only one scaffold. This finding was interesting
because the oxidative analyses were performed from local tissue of only one scaffold.

3.2 MPO and NAG activities

MPO and NAG activity increased between 3 and 30 days for all groups (Table 2).

In 3 days, PDS group showed higher statistically MPO activity when compared to the
other groups. With antibiotics, the MPO activity did not present statistical alterations when
compared to SHAM. The incorporation antibiotics prevented the MPO activity increase
caused by PDS. Only in 30 days statistical differences were observed for NAG activity. The
PDS, 2MET and 2CIP groups showed the highest mean values. 2MET presented higher
significantly NAG activity when compared to the PDS and SHAM.

Table 2. Mean (SD) of the levels of myeloperoxidase and N-acetyl-p-D-glucosaminidase.

SHAM PDS IMET 2MET 1CIP 2CIP
0.75° 1.43° 0.93° 0.8° ) 0.79°
3d 0.83"(0.04)
(0.2) (0.4) (0.3) (0.1) (0.07)
MPO a0d 1.49% 1.534 1.42% 1.73° 1.674 1.76"
(0.2) (0.2) (0.3) (0.4) (0.5) (0.6)
P 0.00 0.66 0.03 0.00 0.00 0.00
0.62° 0.682 0.55° 0.73° 0.7
3d 0.56(0.07)
(0.1) (0.1) (0.1) (0.02) (0.1)
NAG 204 0.86°P 1.098¢ 0.96%¢ 1.314 0.69° 1.124¢
(0.1) (0.1) (0.1) (0.4) (0.1) (0.2)
P 0.05 0.00 0.00 0.00 0.27 0.00

MPO: myeloperoxidase; NAG: N-acetyl-B-D-glucosaminidase.

Two way ANOVA and Duncan’s test.

Line: Different lower case shows statistical difference between groups for MPO at 3 days (p<0.05).
Different capital letters shows statistical difference between groups for NAGase at30 days (p<0.05).
Collumn: p<0.05 shows statistical difference intergroup.
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Figure 3. Oxidative status profile in 3 and 30 days after scaffolds subcutaneous implantation. Data
expressed as means and SD (n=5).
ROS: reactive oxygen species, LP: lipid peroxidation, PC: protein carbonyl, CAT: catalase, GSH:
glutathione, VIT C: vitamin C.
Two way Anova, and Duncan’s test.
Different lower case letters represent statistical differences between groups at 3 days (p<0.05).
Different capital letters represent statistical differences between groups at 30 days (p<0.05).
3.3 Collagen fibers

In 3 days and 30 days, no deleterious effect was observed with the scaffold
implantation on collagen fibers. The exception was 2MET that showed lower significantly
collagen fiber percentage than SHAM group (Figure 5).

All groups showed the same pattern of collagen fibers (PRed). Most of the fibers were
type I, dense and thick. Few fibers type 111 were observed and were interlaced with fibers type

I. These results demonstrated the collagen fibers quality was not altered by presence of

scaffolds.

Collagen fibers

80 - a A AB

a,b,c

mSHAM
OPDS

=1 MET
B2 MET
m1lCIP
=2CIP

3 days 30 days

Figure 4. Mean percentage of collagen fibers at 3 and 30 days after scaffolds subcutaneous
implantation. Data expressed as mean + SD (n=5).

Two way Anova, and Duncan’s test.

Different lower case letters represent statistical differences between groups at 3 days (p<0.05).
Different capital letters represent statistical differences between groups at 30 days (p<0.05).

DISCUSSION

The proposal of the present study was to evaluate the biocompatibility of
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polydioxanone e-spun antibiotics-containing nanofibrous scaffold in subcutaneous
implantation model in rats. Polydioxanone is a bioresorble synthetic polymer, FDA-approved,
and commonly used in medical and dental applications as suture material. No long-term
cytotoxicity has been verified with PDS implanted for up to 6 month in mice [52]. Therefore,
we presumed PDS scaffold should promote minimal inflammatory response when compared
to SHAM animals. Collectively, our findings showed PDS scaffold presented the worse initial
inflammatory response (3 days) demonstrating the higher ROS production, the higher MPO
activity, and the higher cell damage from LP and PC when compared to SHAM animals; and,
in general, the antibiotics inclusion was beneficial, since they promote reduction of
inflammatory parameters when compared to the PDS scaffold. In late inflammatory response
(30 days), usually, PDS scaffold presented the similar comportment to the SHAM animals,
and scaffolds containing antibiotics, showed protective effect for cellular damage, yield lower
LP levels when compared to the PDS and SHAM, and similar PC levels to the PDS and
SHAM.

At sites of inflammation, there is considerable over production of various oxygen
reactive species, such as superoxide radical (O2-), hydrogen peroxide (H202), and the
reactive chlorine species hypochlorous acid (HOCI). These oxygen reactive species are
produced in large quantities by activated neutrophils. Phagocytes (neutrophils and
macrophages) respond to stimulation with a burst of oxygen consumption, and practically all-
extra oxygen is converted to the superoxide anion and hydrogen peroxide. MPO, which is
released from cytoplasmic granules of phagocytes by degranulation process, reacts with
hydrogen peroxide, formed by the respiratory burst, to form a complex that can oxidize a
large variety of substances generating chlorine and chloramines. The products of the
MPO/hydrogen peroxide/chloride system are powerful oxidants, and in high concentrations

can cause cellular damage due its high instability and reactivity [53-57]. Therefore, in the
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initial inflammatory response, PDS caused greater cellular damage due the higher production
of ROS consequence of the respiratory explosion of activated neutrophil confirmed by higher
levels of MPO in this group.

In 3 days, generally, the antibiotics incorporation to the PDS scaffolds reduce ROS
production, MPO activity, and cellular damage. All antibiotics scaffolds reduced the cellular
damage originated from LP. But, only 2CIP simultaneously reduced the cellular damage from
LP and PC when comparing to the PDS, presenting the best results in this period. The
difference observed between the antibiotics types can be explained by differences of drugs
release profile. Bottino et al. [37] showed data of the cumulative drug release as a percentage
of the total weight recorded prior to the study. After 3 days, the PDS scaffold containing
25wt% ciprofloxacin showed a cumulative release of 28%, and its metronidazole counterpart
release approximately 8%. In the third day, while PDS scaffold containing 25wt%
ciprofloxacin was realizing 250 pg of the drug, its metronidazole counterpart released
approximately 100 pg.

Tissue diffusion and bioavailability of a drug depend pH, local vascularization,
presence of bacterial enzyme, drug physical and chemical properties, such as size and weight
molecular, charge, dissociation constants (pKa), liposolubility, and partition coefficient
[58,59]. Drugs administered by the subcutaneous route can reach the systemic circulation
either by uptake by blood capillaries or indirectly by lymphatic vessels [60], and also can
perform diffusion and advection into matrix extracellular before uptake by the lymphatic
capillaries draining the site [59]. Small peptides and proteins leave the subcutaneous site by
diffusion into blood capillaries. Transport of larger proteins from subcutaneous site involves
travel through the interstitium and into the lymphatic system. Larger molecules have been
found to be trapped at the site of administration for longer durations resulting in a reduced

extent uptake [61]. The ciprofloxacin molecule (Mw 331.346 g/mol) is more weight and
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larger than metronidazole molecule (Mw 171.15 g/mol). Therefore, it’s possible that
metronidazole molecules were uptake by blood capillaries or lymphatic vessels more rapidly,
while ciprofloxacin molecules were kept at the site for longer durations permitting its
diffusion and convection through the interstitium promoting higher concentrations of the drug
on contralateral site where tissue sample was collected for analysis. Also, it’s plausible that
the ciprofloxacin bioavailability has been higher than metronidazole due the release of higher
percentage and dosage of the drug from ciprofloxacin scaffold when compared to the
metronidazole scaffold [38]. These aspects could explain the difference of results between the
same antibiotics, but with different number of scaffolds, and also why 2CIP was only group
that simultaneously reduced the cellular damage from LP and PC when comparing to the PDS
in 3 days.

Previous studies demonstrated PDS scaffold containing 25wt% ciprofloxacin was
cytotoxic on human dental pulp stem cells in vitro [38,39]. Our results demonstrated no
deleterious effect of PDS scaffold containing 25wt% ciprofloxacin when compared to the
other groups. On the other hand, we verified protective effects this scaffold on cellular
damage from oxidative process and no impair on collagen fiber. According Liu & Cao [62],
there are differences in the scaffold comportment in vitro and in vivo, and differences into of
the same species accord sites of implantation.

All scaffold showed similar comportment on collagen fibers when compared to the
SHAM, in 3 and 30 days. These findings demonstrated no dermis phenotypic alteration,
probably due the scaffolds morphologies to allow the nutrients exchange [27,31,32,40].
Although, Bottino et al. [38] verified significant reduction of fiber diameter of the PDS
matrices after antibiotics incorporation (25wt% ciprofloxacin 765£288 nm, and its
metronidazole counterpart 944+392 nm) resulting in higher porosity when compared to the

PDS matrix (1158+402 nm), these changes don't affected the exchange nutrients.
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In all groups, an activity increase of MPO and NAG was verified between 3 and 30
days, without any increase of ROS or cellular damage, probably because there was
simultaneous increase of the anti-oxidant defenses, particularly catalase e vitamin C. The
increase of the MPO activity, between 3 and 30 days, can be explained from environment pH
differences. In the initial inflammatory response, the environment presents a pH acid
inactivating, partially, this enzyme [57]. In the late inflammatory response, there is higher
macrophages activity acting in the tissue repair [63]. Interestingly, in 3 and 30 days, the
higher degradation of collagen fiber occurred in the animals that received two metronidazole
scaffolds. These animals also presented the higher mean values of NAG activity, indicating
the necessity of higher tissue repair.

Collectively, the results of this study showed that PDS scaffold have no intense
adverse effect on outcomes evaluated. But, PDS scaffold showed higher cellular damage via
oxidative process when compared to SHAM. The antibiotic incorporation to the PDS matrices
improved the oxidative profile when compared to PDS scaffold, particularly in animals that
received two ciprofloxacin scaffolds. Then, we consider that the promising results of
antimicrobial and mechanical properties [38,39] associated with the biocompatibility findings
of the present study, become polydioxanone polymer-based e-spun antibiotics-containing
nanofibrous scaffolds attractive for RTG. Further studies with other outcomes should be
performed to confirm the biocompatibility these scaffolds, and to analyze degradation rate
and structural integrity, which are decisive factors in periodontal regenerative context.
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4 CONCLUSAO

No presente estudo, nos avaliamos a biocompatibilidade de scaffolds nanofibrosos de
polidioxanona obtidos pela técnica de eletrospinning com a incorporacéao de ciprofloxacina ou
metronidazol em modelo de implantacdo subcutdnea em ratos Wistar. Scaffolds de PDS
resultaram em maior producdo de ROS, maior atividade de enzimas inflamatdrias (MPO,
NAG), e maior dano celular mensurado pela peroxidacdo lipidica e proteina carbonilada,
qguando comparado aos animais SHAM em 3 dias. Em 30 dias, o scaffold de PDS apresentou
um comportamento similar ao observado em animais SHAM. Em geral, a incluséo de
antibioticos reduziu os desfechos inflamat6rios quando comparado ao scaffold de PDS em 3
dias, e, em 30 dias, scaffolds com antibioticos demonstraram um efeito protetor contra a
inflamacdo quando comparados a matriz de PDS ou aos animais SHAM, especialmente em
animais que receberem dois scaffolds contendo ciprofloxacina.

Extrapolacdo de dados obtidos a partir de estudos pré-clinicos ndo significa que os
valores numéricos possam ser diretamente transpostos ao homem, mas significa que um
comportamento similar daquele observado no animal também possa ser esperado no homem.
Assim, esforcos extensivos, envolvendo gestdo de recursos humanos e materiais, e principios
éticos devem ser considerados na busca por excelente precisdo dos achados. Isso significa que
uma metodologia envolvendo exagerado numero de laminas, por exemplo, na busca de
informacBes precisas de numero de células, ndo é necessario, e ndo promove relevancia
adicional comparada com a obtida a partir de avaliacbes randomizadas e representativas.

Com a relacdo a pergunta de pesquisa: scaffolds nanofibrosos de PDS com
metronidazol ou ciprofloxacina sdo biocompativeis? Podemos, alicercados em nossos dados,
concluir que a adicdo de antibidticos a matriz de PDS melhorou a biocompatibilidade desta.
Contudo, ressaltamos que outros desfechos podem ainda ser avaliados dentro desse contexto,
como por exemplo, resposta vascular e alteracdes sistémicas associadas a esses biomateriais.
Outro aspecto que devemos ressaltar é que baseado em dados prévios das propriedades
fisicas, mecanicas, e antimicrobianas desses scaffolds (Bottino et al. 2013, 2014), associado
com os promissores resultados de biocompatibilidade apresentados por nés, o estudo desses

scaffolds em modelos animais de regeneracao periodontal pode ser considerado.
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ANEXO A - NORMAS PARA PUBLICACAO NO PERIODICO DENTAL
MATERIALS

GUIDE FOR AUTHORS

Authors are requested to submit their original manuscript and figures via the online submission and
editorial system for Dental Materials. Using this online system, authors may submit manuscripts and
track their progress through the system to publication. Reviewers can download manuscripts and
submit their opinions to the editor. Editors can manage the whole submission/review/revise/publish
process. Please register at: http://ees.elsevier.com/dema.

Dental Materials now only accepts online submissions.

The Artwork Quality Control Tool is now available to users of the online submission system. To help
authors submit high-quality artwork early in the process, this tool checks the submitted artwork and
other file types against the artwork requirements outlined in the Artwork Instructions to Authors on
http://www.elsevier.com/artworkinstructions. The Artwork Quality Control Tool automatically checks
all artwork files when they are first uploaded. Each figure/file is checked only once, so further along in
the process only new uploaded files will be checked.

Manuscripts

The journal is principally for publication of Original Research Reports, which should preferably
investigate a defined hypothesis. Maximum length 6 journal pages (approximately 20 double-spaced
typescript pages) including illustrations and tables.

Systematic Reviews will however be considered. Intending authors should communicate with the
Editor beforehand, by email, outlining the proposed scope of the review. Maximum length 10 journal
pages (approximately 33 double-spaced typescript pages) including figures and tables. Three copies of
the manuscript should be submitted: each accompanied by a set of illustrations. The requirements for
submission are in accordance with the "Uniform Requirements for Manuscripts Submitted to
Biomedical Journals", Annals of Internal Medicine, 1997,126, 36-47. All manuscripts must be written
in American English. Authors are urged to write as concisely as possible. The Editor and Publisher
reserve the right to make minimal literary corrections for the sake of clarity. Authors for whom
English is not the first language should have their manuscripts read by colleagues fluent in English. If
extensive English corrections are needed, authors may be charged for the cost of editing. For
additional reference, consult issues of Dental Materials published after January 1999 or the Council of
Biology Editors Style Manual (1995 ed.).

All manuscripts should be accompanied by a letter of transmittal, signed by each author, and stating
that the manuscript is not concurrently under consideration for publication in another journal, that all
of the named authors were involved in the work leading to the publication of the paper, and that all the
named authors have read the paper before it is submitted for publication. Always keep a backup copy
of the electronic file for reference and safety. Manuscripts not conforming to the journal style will be
returned. In addition, manuscripts, which are not written in fluent English, will be rejected
automatically without refereeing.

Avrticle structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then 1.1.1,1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering
also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief
heading. Each heading should appear on its own separate line.

Introduction

This must be presented in a structured format, covering the following subjects, although actual
subheadings should not be included:

* succinct statements of the issue in question;

* the essence of existing knowledge and understanding pertinent to the issue (reference);

« the aims and objectives of the research being reported relating the research to dentistry, where

not obvious.

Materials and methods

* describe the procedures and analytical techniques.
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* only cite references to published methods.

* include at least general composition details and batch numbers for all materials.

« identify names and sources of all commercial products e.g.

"The composite (Silar, 3M Co., St. Paul, MN, USA)..."

"... an Au-Pd alloy (Estheticor Opal, Cendres et Metaux, Switzerland)."

* specify statistical significance test methods.

Results

« refer to appropriate tables and figures.

» refrain from subjective comments.

» make no reference to previous literature.

* report statistical findings.

Discussion

* explain and interpret data.

* state implications of the results, relate to composition.

* indicate limitations of findings.

* relate to other relevant research.

Conclusion (if included)

» must NOT repeat Results or Discussion

» must concisely state inference, significance, or consequences

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eg. (A.1), Eg. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each
author and check that all names are accurately spelled. Present the authors' affiliation addresses (where
the actual work was done) below the names. Indicate all affiliations with a lowercase superscript letter
immediately after the author's name and in front of the appropriate address.

Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done,
or was Vvisiting at the time, a 'Present address' (or 'Permanent address’) may be indicated as a footnote
to that author's name. The address at which the author actually did the work must be retained as the
main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract (structured format)

* 250 words or less.

* subheadings should appear in the text of the abstract as follows: Objectives, Methods, Results,
Significance. (For Systematic Reviews: Objectives, Data, Sources, Study selection, Conclusions). The
Results section may incorporate small tabulations of data, normally 3 rows maximum.

Keywords

Up to 10 keywords should be supplied e.g. dental material, composite resin, adhesion.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the
article. Such abbreviations that are unavoidable in the abstract must be defined at their first mention
there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.
Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance or
proof reading the article, etc.).
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Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with
normal text where possible and use the solidus (/) instead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Embedded math equations

If you are submitting an article prepared with Microsoft Word containing embedded math equations

then please read this related support information
(http://support.elsevier.com/app/answers/detail/a_id/302/).
Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is  available on  our  website:
http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply ‘as is' in the native document format. Regardless of the application used other than
Microsoft Office, when your electronic artwork is finalized, please 'Save as' or convert the images to
one of the following formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000
dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi. Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQG); these typically have a
low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will receive
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information regarding the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or online only. For further information on the preparation of
electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to ‘gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Captions to tables and figures

* list together on a separate page.

* should be complete and understandable apart from the text.

« include key for symbols or abbreviations used in Figures.

« individual teeth should be identified using the FDI two-digit system.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the

relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.

References

Must now be given according to the following numeric system:

Cite references in text in numerical order. Use square brackets: in-line, not superscript e.g. [23]. All
references must be listed at the end of the paper, double-spaced, without indents. For example: 1.
Moulin P, Picard B and Degrange M. Water resistance of resin-bonded joints with time related to alloy
surface treatments. J Dent, 1999; 27:79-87. 2. Taylor DF, Bayne SC, Sturdevant JR and Wilder AD.
Comparison of direct and indirect methods for analyzing wear of posterior composite restorations.
Dent Mater, 1989; 5:157-160. Avoid referencing abstracts if possible. If unavoidable, reference as
follows: 3. Demarest VA and Greener EH . Storage moduli and interaction parameters of experimental
dental composites. J Dent Res, 1996; 67:221, Abstr. No. 868.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa).
Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
CrossRef and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the
text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have a standard template available in key reference management packages.
This covers packages wusing the Citation Style Language, such as Mendeley
(http://www.mendeley.com/features/reference-manager) and also  others like  EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
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(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages which are
available from the above sites, authors only need to select the appropriate journal template when
preparing their article and the list of references and citations to these will be formatted according to
the journal style as described in this Guide. The process of including templates in these packages is
constantly ongoing. If the journal you are looking for does not have a template available yet, please
see the list of sample references and citations provided in this Guide to help you format these
according to the journal style. If you manage your research with Mendeley Desktop, you can easily
install the reference style for this journal by clicking the link below: http://open.mendeley.com/use-
citation-style/dental-materials When preparing your manuscript, you will then be able to select this
style using the Mendeley plugins for Microsoft Word or LibreOffice. For more information about the
Citation Style Language, visit http://citationstyles.org.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can
be referred to, but the reference number(s) must always be given. Example: "..... as demonstrated [3,6].
Barnaby and Jones [8] obtained a different result ...." List: Number the references (numbers in square
brackets) in the list in the order in which they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun. 163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones,
R.Z.

Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

Printed version of figures (if applicable) in color or black-and-white

* Indicate clearly whether or not color or black-and-white in print is required.

* For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.

For any further information please visit our customer support site at http://support.elsevier.com.
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