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1. RESUMO

Na Endodontia, o preparo quimico-mecanico produz uma reducdo significativa da
quantidade de bactérias no interior do sistema de canais radiculares. Este procedimento pode
ser complementado pelo uso de medicacGes intracanal, a fim de aumentar a possibilidade de
sucesso da terapia endodontica. O presente estudo teve como objetivo avaliar a efetividade de
diferentes medicagfes intracanal, em esquemas isolados ou em associacdo, para o controle de
lesGes periapicais em ratos. Esta tese foi dividida em capitulos, contemplado as diferentes
medicacdes estudadas e os artigos originados. No capitulo 1, foi enfatizada a metodologia
utilizada, com aplicacdo da Tomografia Cone Beam (CBTC), como ferramenta para avaliar o
reparo das lesdes periapicais apos terapia endodéntica e, curativo de demora, demonstrando a
eficacia do exame para finalidade proposta. Testou-se o hidroxido de célcio (lado direito)
versus grupo controle negativo (lado esquerdo), sem medicacdo. Na avaliagdo com CBTC, a
érea da lesdo no grupo controle foi de 9.38 + 0.68 mm? e, no grupo tratado de 7.08 + 0.44
mm?, sendo esta diferenca significativa (p<0.05). No capitulo 2, foi avaliado o efeito do
antioxidante, resveratrol e, das medicacOes consideradas padrdo-ouro em Endodontia,
clorexidina e hidroxido de célcio, em esquemas isolados ou em associacdes. Ademais, 0
resveratrol foi testado em conjunto com a vitamina E ou com o 6leo de arroz. Neste artigo, as
comparagOes entre grupos tratados e controle demonstraram diferenca significativa (p<0.05)
nos grupos em que foi utilizado hidroxido de célcio, resveratrol em propilenoglicol e
resveratrol com clorexidina. Estes grupos apresentaram uma reducdo de aproximadamente
25% em relacdo ao seu grupo controle, de acordo com avaliacdo por CBTC. Os efeitos das
medicacdes foram confirmados por andlise histologica qualitativa, tendo sido observado
maior infiltrado inflamatdrio, alem de areas de reabsor¢édo e supuragdo nos grupos controle.
Ja, no capitulo 3, foi avaliada acéo local da amoxicilina na regido periapical, quando utilizada

de maneira isolada ou, em combinacGes. Neste estudo, a amoxicilina mostrou-se bastante
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eficaz, tanto isoladamente, quanto em conjunto com hidroxido de calcio ou clorexidina
(p<0.05). As percentagens de reducdo foram de 47 + 5%, para amoxicilina em
propilenoglicol; 46 + 5% para amoxicilina + gluconato de clorexidina e; 65 + 10 % para
amoxicilina + hidroxido de célcio. Para confirmar os resultados da CBTC, foi realizada
analise histoldgica qualitativa. Na coloracdo de H&E, o infiltrado inflamatorio variou de leve
a moderado nos grupos com medicacdo. No grupo controle, o infiltrado inflamatoério foi
classificado como intenso, com areas de reabsorcado. Na coloracéo de Mallory, os grupos teste
mostraram grande quantidade de fibroblastos e fibras coldgenas integras. Em contrapartida, o
grupo controle apresentou infiltrado intenso, areas de abscesso e supuracdo. Por fim, €
apresentada uma discussdo geral dos resultados, bem como, uma secdo de consideracdes
finais contemplando o desempenho das diversas medicacdes testadas e o significado do
trabalho para a Endodontia. Conclui-se que a CBTC pode ser uma ferramenta importante para
estudos pré-clinicos na area da endodontia, mostrando aplicacdo para determinacdo de
alteracdes na regido apical. Ademais, sugere-se que 0 agente antioxidante resveratrol ou o

antibidtico amoxicilina podem ser alternativas efetivas como medicacao intracanal.
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2. ABSTRACT

In endodontics, the chemomechanical preparation produces a significant reduction in
the amount of bacteria in the root canal system. It has been demonstrated that the adjuvant use
of intracanal medications, might increase the possibility of success of endodontic therapy. The
present study aimed to evaluate the effectiveness of different intracanal medications, when
used alone or in combination, in a rat model of periapical lesions. This thesis was divided into
three chapters, according to the scientific articles. The Chapter 1 emphasizes the
methodology used, which employed Cone Beam Tomography to measure the repair of
periapical lesions after endodontic therapy and root canal dressing, demonstrating the
effectiveness of this tool. Calcium hydroxide was tested, versus control group, which had
received no medication. The lesion area was 9.38 + 0.68 mm? in the control group, and 7.08 +
0.44 mm? in the treated group (p<0.05), according to CBTC evaluation. This data was
confirmed by histological evaluation, indicating the applicability of CBTC in the rat model of
apical periodontitis. The Chapter 2 evaluated the natural compound resveratrol, and the
medications considered as gold standards in Endodontics, chlorhexidine and calcium
hydroxide, in isolated schemes or in associations. The effects of resveratrol were also
assessed in combination to vitamin E or rice oil, which also have known antioxidant effects.
In this paper, the comparison between treated and control groups showed significant
differences in the groups that received calcium hydroxide, resveratrol in propyleneglycol or
resveratrol with chlorhexidine with inhibition percentages of about 25%. The effects of
medications were confirmed by qualitative histological analysis, which showed higher
inflammatory infiltrate, areas of resorption and suppuration in the control groups. The Chapter
3 shows data on the use of amoxicillin as intracanal medication, when used alone or in
combined protocols. In this study, amoxicillin was highly effective, presenting significant

differences when tested alone or in combination with calcium hydroxide or chlorhexidine.
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Amoxicillin vehicled in propyleneglycol produced an inhibition of 47 + 5% of periapical
lesion areas, and a similar degree of reduction was observed in the group that received
amoxicillin plus chlorhexidine gluconate (46 + 5%). Notably, the combination of amoxicillin
and calcium hydroxide paste resulted in a marked inhibition of periapical lesions (65 £ 10 %).
Qualitative H&E histological analysis showed that inflammatory infiltrate ranged from mild
to moderate in the test groups, and the control samples presented intense inflammatory
infiltrate, with visible resorption areas. Regarding the Mallory staining, it was possible to
observe a massive presence of fibroblasts, surrounded by intact and well-bonded collagen
fibers. Otherwise, the control groups showed intense inflammatory infiltrate and areas of
abscess. There is a final chapter with a general discussion and some specific considerations on
the various strategies tested herein and the meaning of our study for Endodontics. In
conclusion, the CBTC might represent an important tool for studies in pre-clinical
endodontics, showing applicability for measuring changes in the apical region. Furthermore,
either the antioxidant resveratrol, or the antibiotic amoxicillin, appear to be useful strategies

as alternative intracanal dressings.
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O tratamento endodontico tem a finalidade de reduzir os microorganismos e seus
produtos do sistema de canais radiculares(1-3). As bactérias e as reacdes inflamatdrias
induzidas por seus produtos metabdlicos, enzimas e, toxinas estdo entre os fatores causadores
das doencas endodoénticas(3-7). Na Endodontia, o preparo quimico-mecanico, através da
limpeza, modelagem e irrigacdo, tem mostrado reducdo significativa da quantidade de
bactérias no interior do sistema de canais radiculares; porém, estes procedimentos podem ser
complementados pelo uso de medicagdes intracanal, para aumentarem a possibilidade de
sucesso da terapia endoddntica(2-3, 5-6, 8). As razdes para utilizacdo das medicacOes
intracanal sdo: a) reduzir ao maximo as bactérias no sistema de canais radiculares; b) prevenir
a proliferacdo de microorganismos entre as consultas; e c¢) criar uma barreira fisico-quimica,
prevenindo a reinfeccdo do canal radicular e o suprimento nutritivo para 0s microorganismos

remanescentes (3, 8-9).

Dentre as medicacg0es intracanal existentes, o hidréxido de célcio e a clorexidina séo
as mais utilizadas na Endodontia(3-7, 10-12). O hidréxido de célcio possui acao
antimicrobiana relacionada ao seu alto pH, o que resulta na inativagio da membrana
enzimatica bacteriana, (1, 3, 5, 9, 12-14), embora esta medicac¢do ndo seja totalmente eficaz
na eliminacdo de microorganismos facultativos anaerobios e leveduras(l, 3, 13). O gluconato
de clorexidina tem sido recomendado tanto como solugdo irrigadora, como medicacao
intracanal, devido a sua forte atividade antibacteriana contra microorganismos gram-positivos
e gram-negativos, assim como leveduras, anaerobios facultativos e aerobios (15-17).
Entretanto, até o momento, a clorexidina ndo preenche 0s requisitos necessarios para um
“curativo de demora” satisfatorio, particularmente quanto a inativacdo do LPS bacteriano

(18), pelo fato de ndo possuir a habilidade de dissolugdo tecidual (3). Além disso, a

concentracdo de 2% tem sido considerada toxica aos tecidos vivos (18).
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Deve-se considerar que, até 0 momento, ndo existe uma medicacdo intracanal ideal.
Assim, pesquisas sobre novas medicacOes sdo necessarias e a utilizacdo de substancias
naturais isoladas ou em combinacdo com medicagfes ja consagradas pode ser uma alternativa
para 0 aprimoramento dos curativos de demora em endodontia (1, 3-4, 7, 19-20). O
resveratrol é um agente antioxidante, que possui diversas propriedades bioldgicas descritas na
literatura e, ja € utilizado em algumas areas da Medicina. Entretanto, a acdo desta substancia
na Odontologia e, mais especificamente na Endodontia, ainda ndo foi estudada. Além disso
apesar de ser utilizada sistemicamente na Odontologia, ndo ha estudos que tenham
investigado a eficacia da amoxicilina como medicagdo intracanal. Assim, justifica-se este
trabalho pelo fato de néo terem sido encontradas na literatura, evidéncias que comprovem que

em endodontia ha uma medicacdo intracanal considerada totalmente satisfatoria.
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4. Revisao de Literatura

4.1 CONSIDERACOES GERAIS

O tratamento endoddntico é direcionado ao controle das infeccBes pulpares e
perirradiculares. O envolvimento dos microrganismos nas patogéneses da polpa, bem como
nas doencas perirradiculares, ja foi demonstrado por KAKEHASHI (1965), MOLLER (1981)
e SUNDQVIST (1992), sendo que a eliminagdo dos microrganismos do sistema de canais
radiculares envolve o uso de varias técnicas de instrumentacdo, irrigacdo e medicacdo
intracanal(21-24). Dada a relevancia dos microrganismos para patogénese das periodontites
apicais, torna-se claro que o sucesso do tratamento endodéntico, depende da reducdo ou
eliminacdo destes agentes agressores (14). A instrumentacdo mecanica sozinha, porém, ndo
resulta em eliminagdo completa dos microrganismos do sistema de canais radiculares, fato
também justificado pela complexidade anatémica do referido sistema(22). Neste contexto, 0
uso da medicacdo intracanal tem sido indicado para complementar a reducdo do nimero de
microrganismos do sistema de canais radiculares (25).

Na terapia endodéntica, o preparo quimico-mecéanico é essencial para a desinfeccdo
radicular; contudo, a medicacdo intracanal € utilizada para complementar a reducdo de
bactérias remanescentes (14, 22). A medicacdo intracanal tem vantagens e limitacdes, sendo
estas Ultimas relacionadas com a presenca de microrganismos residuais, 0s quais poderao
interferir na cicatrizacdo ou no desenvolvimento de periodontite apical, levando, assim, a
falha do tratamento Endoddntico (20). A medicacdo intracanal, portanto, € utilizada como
auxiliar na desinfeccdo endodontica, buscando a reducdo ou eliminacdo das bactérias
localizadas no interior do sistema de canais radiculares, criando um ambiente favoravel ao
reparo dos tecidos periapicais.

A periodontite apical pode ser definida como um processo inflamatorio dos tecidos

perirradiculares, provavelmente causada pela presenca de microorganismos no interior do
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sistema de canais radiculares, onde os anaerobios sdo considerados os agentes etioldgicos
primarios (11). No tratamento endodéntico, diversas substancias quimicas tém sido utilizadas
para controlar os microrganismos encontrados no interior do sistema de canais radiculares, a
fim alcancar a resolugdo do processo (26).

Dentre as substancias quimicas utilizadas como medicacéo intracanal, destacam-se como
mais efetivas e melhor caracterizadas, o hidroxido de calcio e a clorexidina (7, 11, 13-14, 25,

27-28).

4.2 HIDROXIDO DE CALCIO

O hidroxido de célcio € uma das medicacfes mais versateis em Odontologia,
especialmente por seu uso como medicacdo intracanal, tanto em dentes vitais, quanto nédo
vitais, sendo a medicacédo de escolha para casos que incluem procedimentos de apexificagéo,
reabsorcdo dentaria interna e reparo de perfuracdes (27). O hidréxido de célcio é uma
substancia alcalina, com pH aproximado de 12,5. Em solucdo aquosa, se dissocia em ions
hidroxila, apresentando diversas propriedades bioldgicas, tais como: atividade antimicrobiana,
capacidade de dissolu¢do tecidual, inibicdo da reabsorcdo dentaria e inducdo do reparo pela
formacdo tecidual (14). Tem sido demonstrado que o0s patdgenos presentes nos canais
radiculares ndo sdo capazes de sobreviver no ambiente alcalino criado pelo hidréxido de
calcio. A atividade antimicrobiana desta substancia estaria relacionada a liberacdo de ions
hidroxila, levando a morte das células bacterianas por pelo menos trés mecanismos: (a) dano a
membrana citoplasmatica bacteriana, (b) dano ao DNA e/ou, (c) desnaturacdo proteica (14).
Entretanto, para que fosse totalmente efetiva, esta medicacdo intracanal deveria ocupar todo
espaco do sistema de canais radiculares, o que ndo acontece de fato (27). Assim, a agédo
antimicrobiana do hidroxido de calcio depende diretamente da disponibilidade, difusdo e

velocidade de dissociagdo dos ions céalcio e hidroxila dentro do canal radicular (2).
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Deve-se ressaltar que a pasta de hidroxido de célcio tem-se mostrado biocompativel e
efetiva em dentes com periodontite apical. Esta pasta pode ser preparada com diferentes
veiculos, tais como agua destilada, propilenoglicol, Otosporin®, entre outros, Entretanto, ndo
ha evidéncias definitivas acerca da existéncia de um sinergismo antimicrobiano entre o
veiculo e o hidroxido de célcio (14).

O hidréxido de célcio, como medicacdo intracanal, € indicado para tratamento de dentes
com necrose pulpar, por possuir acao antisséptica, capacidade de estimular ou criar condi¢des
favoraveis para o reparo tecidual, além de possuir elevada agdo higroscépica, fato que o torna
indicado para tratamento de lesdes periapicais de longa duragéo, possivelmente por apresentar
atividade anti-inflamatéria (29). Salienta-se também que alguns estudos tém investigado as
associacGes de hidroxido de calcio com substancias antimicrobianas, como clorexidina,
eritromicina, clindamicina e tetraciclina (30-31) sobre bactérias do género Enterococcus,
obtendo resultados satisfatorios. Entretanto, até o momento, ndo foram encontradas
evidéncias concretas que justifiquem o uso do hidréxido de calcio associado a (a) outra (s)

substancia (s) (27). Assim, sdo necessarios novos estudos dentro dessa linha de pesquisa.

4.3. CLOREXIDINA

A clorexidina é uma biguanida catiénica, largamente utilizada na periodontia, que age
sobre um amplo nimero de microrganismos, como bactérias gram-positivas e gram-negativas.
Tem sido demonstrado que esta substdncia parece agir adsorvendo a parede celular dos
microrganismos, o gque resulta em extravasamento dos componentes intracelulares (2, 11, 16,
27). A eficicia do gluconato de clorexidina pode ser explicada pela interacdo entre suas
cargas positivas e, as cargas negativas dos grupos fosfato da parede celular bacteriana (27).

O gluconato de clorexidina foi introduzido na terapia endoddntica com o objetivo de

aumentar a acdo antibacteriana das medicacgOes intracanais consideradas tradicionais,
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buscando a eliminacdo dos microrganismos associados as infeccdes persistentes e aos casos
de insucesso (7). Quando utilizada como medicacdo intracanal, a clorexidina tem-se mostrado
mais efetiva que o hidroxido de calcio contra a infec¢do causada por Enterococcus faecallis
nos tubulos dentinarios (3, 10-11, 16, 32). Finalmente, é importante ressaltar que a clorexidina
possui atividade reduzida em presenca de matéria organica e, assim como o hidréxido de

calcio, apresenta certa dificuldade de remocéo do sistema de canais radiculares(1, 3, 6, 10).

4.4. AGENTES ANTIMICROBIANOS

As bactérias estdo diretamente envolvidas nas patologias endodénticas, sendo cabivel
considerar que os antibiéticos podem ser Uteis no manejo dos sintomas dessas afeccoes (33).
A utilizacdo de medicacdo intracanal contendo antibidticos pode ser importante para o
tratamento de infecgdes persistentes, jA que antibidticos como a clindamicina, quando
utilizados sistemicamente, sdo eficazes no tratamento de infecgdes agudas, abcessos e flare-
ups (34). Ressalta-se também que dentre os antibidticos, a amoxicilina tem sido utilizada
sistemicamente, como tratamento coadjuvante em infecgdes endodonticas agudas, por ser este
um antibiético eficaz contra F. nucleatum e F .necrophorum, microrganismos frequentemente
relacionados com infec¢Bes endodénticas primarias (35).

Na periodontite apical, por ndo haver polpa e, consequentemente, suprimento
sanguineo, as concentracfes dos antibidticos sistémicos que alcancam o canal radicular sdo
minimas. A acdo local de antibidticos como, amoxicilina, clindamicina e doxiciclina sobre o0s
microrganismos tem sido demonstrada apenas in vitro (20, 36-39). Estudos utilizando técnicas
de biologia molecular demonstraram que a aplicacdo de amoxicilina (25 mg/ml), clindamicina
(15 mg/ml), tetraciclina (25 mg/ml) ou doxiciclina (10 mg/ml) produziu culturas negativas de
E. faecalis, quando estes antibidticos foram incubados in vitro (40). Contudo, ndo héa

evidéncias conclusivas acerca dos efeitos da aplicacdo local destes agentes in vivo.
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4.5. RESVERATROL

O resveratrol é conhecido desde a década de 40, época em que foi isolado de diversas
plantas, apresentando varios efeitos benéficos (41). E um polifenol encontrado nas uvas, no
vinho tinto e em alguns gréos, possuindo propriedades anti-inflamatorias, efeito
cardioprotetor, baixa toxicidade e uma série de acBes bioldgicas, incluindo propriedades
quimiopreventivas. (42-45). Destaca-se ainda que o resveratrol mostrou-se efetivo em

modelos de cancer, além de apresentar acdes positivas sobre o0 metabolismo(41).

OH

/

RESVERATROL OH

3,5,4' - triidrossi - trans - shilbene

HO

FIGURA 1: Estrutura quimica do Resveratrol.
Fone: Cucciolla et all (2007)“

Ressalta-se que a interferéncia positiva do resveratrol ja foi relacionada a eventos
importantes, tais como: (a) radioprotecdo, (b) radiosensibilidade, (c) supressdo da
mutagénese, (d) imunomodulacéo, (e) angiogénese, entre outros (45).

Salienta-se que o resveratrol € conhecido h4 muito tempo na medicina oriental, sendo
utilizado pelos japoneses e chineses para o tratamento de doencas inflamatdrias, alérgicas e

da aterosclerose (46).
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Estudos in vivo com o resveratrol demonstraram que esta substancia possui efeito
quimiopreventivo e antitumoral em animais(45) sendo foi mostrado também que o resveratrol
diminui os niveis de lipideos no soro sanguineo, diminui a agregacdo plaquetaria e aumenta
os niveis de HDL, o qual ajuda a remover o colesterol LDL do sangue e a prevenir a
obstrucdo das artérias (46). Ressalta-se que os efeitos do resveratrol ja foram demonstrados
em modelos animais de doencas inflamatdrias crénicas, tais como artrite e pancreatite (43)
tendo sido igualmente evidenciado que este composto atua sobre o sistema celular,
interferindo no crescimento, diferenciacdo e morte celular (45), além de apresentar efeitos
anti-virais, anti-fangicos e anti-bacterianos (42-46). De forma interessante, na Odontologia, o
resveratrol se apresentou efetivo contra o crescimento de Porphyromonas gingivalis, um
patdgeno envolvido no inicio e na progressao da doenca periodontal (44). Entretanto, ndo ha
evidéncias diretas acerca dos efeitos do resveratrol sobre infec¢@es endodénticas.

Assim, diante de todos estes efeitos promissores do Resveratrol constados na
literatura, pensou-se em testar o seu efeito como medicacdo intracanal utilizando 0 mesmo
localmente, no tratamento da periodontite apical. J& que a Endodontia carece de um curativo
de demora ideal, a unido de substancias naturais com medicacBes ja consagradas pode

representar uma alternativa promissora, como ja discutido anteriormente.
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5. OBJETIVOS

5.1. OBJETIVO GERAL

O presente estudo teve por objetivo avaliar a efetividade de diferentes medicacfes
intracanais, em esquemas isolados ou em associacao, para o controle de lesdes periapicais em

ratos.

5.2. OBJETIVOS ESPECIFICOS

a) Avaliar a aplicagcdo da tomografia cone beam (CBTC) como ferramenta para a

determinacdo de lesdes periapicais em ratos e da eficacia de medicagdes intracanal;

b) Comparar os efeitos do hidréxido de calcio e da clorexidina em gel, isolados ou em

associacdo com diferentes substancias no reparo de lesdes periapicais em ratos;

c) Avaliar os efeitos do composto natural, resveratrol, como medicacgéo intracanal para
o controle de lesBes periapicais em ratos, em comparacdo com 0s outros agentes avaliados no

estudo;

d) Avaliar os efeitos do antibiotico amoxicilina, como medicacdo intracanal de uso
local para o controle de lesbes periapicais em ratos, em comparagdo com 0S outros agentes

avaliados no estudo.
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Capitulo 1

Use of cone bean tomography to evaluate intracanal medications in a rat model of apical periodontitis

Aceito para publicacdo na Revista Odontociéncia em 06 novembro de 2012.
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Summary

The aim of this study was to describe a methodology for evaluating the efficacy of
intracanal medications in rats, by using cone beam computed tomography (CBCT) to follow-
up periapical lesions. Six male Wistar rats were used and periapical lesions were induced in
12 upper molars. The endodontic treatment was performed in all teeth and calcium hydroxide
paste was applied in the right molars (treated group, n=6), whereas no medication was used in
left molars (control group, n=6). CBCT was performed twenty one days after endodontic
treatment, and the lesion area was determined in mm?. Unpaired Student t test was employed
to verify the differences between groups. The lesion area was 9.38 + 0.68 mm? in the control
group, and 7.08 + 0.44 mm? in the treated group (p<0.05), according to CBTC evaluation.
This data was confirmed by histological evaluation of maxillas, indicating the applicability of
CBTC in the rat model of apical periodontitis. The rat model and CBCT was found to be a
useful tool to study in vivo the effects intracanal medications and their influence in periapical

lesions healing.

Key words: Apical Periodontitis- Intracanal Medication — Cone Beam — Rats
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RESUMO

O objetivo deste estudo foi descrever uma metodologia para avaliar a eficacia das
medicacdes intracanal em ratos, utilizando a Tomografia Cone Beam (CBCT) para
acompanhar as lesdes periapicais. Seis ratos Wistar machos foram utilizados e lesdes apicais
induzidas em 12 molares superiores. O tratamento Endodontico foi realizado em todos os
dentes e pasta de Hidroxido de Calcio foi aplicada nos molares do lado direito ( grupo teste,
n=6) enquanto que nenhuma medicacéo foi utilizada nos molares esquerdos (grupo controle,
n=6). CBCT foi realizada vinte e um dias apds tratamento endoddntico, e a &rea da lesdo foi
determinada em mm? Teste t Student ndo pareado foi empregado para verificar diferencas
entre 0s grupos. A érea da lesdo era de 9.38 + 0.68 mm?no grupo controle e 7.08 + 0.44 mm?
no grupo tratado (p<0.05) de acordo com a avaliagdo da CBTC. Estes dados foram
confirmados pela avaliagdo histologica das maxilas, indicando a aplicabilidade da CBTC no
modelo de periodontite apical em ratos. O modelo de rato e a CBCT mostraram-se uma
ferramenta Util para estudo in vivo dos efeitos das medicagdes intracanal e suas influéncias na

cicatrizacao das lesdes periapicais.

Palavras chave:Periodontite Apical- Medicacdo Intracanal-Cone Beam-Ratos
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Introduction

Apical periodontitis is an inflammatory process affecting the periradicular tissues,
caused by microbial presence into the root canal system (1-2). The elimination of
microorganisms from infected canals involves the use of mechanical and chemical
approaches(3-5). In this regard, intracanal medications are currently employed to disinfect
the root canal system, in order to prevent bacterial proliferation between endodontic therapy
appointments (4-6). Calcium hydroxide has been widely used as a routine intracanal
medication(7). In the clinical practice, this chemical agent is pointed out as one of the most
effective antimicrobial dressings during the endodontic therapy(7-8).

It has been demonstrated that cone beam computed tomography (CBCT) produces
three-dimensional images of individual tooth and surrounding tissues (9-12). Another
favorable aspect is the great volume of data that can be collected and processed, by using
CBCT (10, 12). Other advantage, is the possibility of performing the exams in vivo using its
3-dimensional capabilities, including follow-up and longitudinal studies (9, 12).The potential
applications in endodontics include diagnosis of endodontic pathologies and canal
morphology, assessment of alterations of non-endodontic origin, evaluation of root fractures
and trauma, analysis of external and internal root resorption and invasive cervical resorption,
as well as pre-surgical planning (9).

Considering the abovementioned evidence, the present study describes a methodology
for evaluating the efficacy of intracanal medications in rats, by using CBCT technology to
follow-up the periapical lesions. We have also attempted to correlate the results obtained in

vivo by CBCT, with those observed post-mortem by histological assessment.

Material and methods

Animals
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Six male Wistar rats (220-2509) were used in this study. The animals were maintained
in controlled temperature (22 + 2 °C) and humidity (60 - 70 %), under a 12 h light-dark cycle.
Food and water were available ad libitum. All animal procedures were performed according
to the “Principles of Laboratory Animal Care” from NIH publication No. 85-23 and Ethical
Guidelines for Investigation of Experimental Pain in Conscious Animals. The Institutional
Animal Ethics Committee approved all the experimental protocols. The number of animals
was the minimum necessary to demonstrate the consistent effects of the drug treatments. The
sample size calculation was based on previous studies (13-14) considering a statistic power of

95% and a level of significance of 5%.

Induction of periapical lesions

Periapical lesions were induced in 12 upper molars, as described previously (13, 15).
Briefly, the animals were anesthetized by a mixture of ketamine (100mg/kg) and xylazine (10
mg/kg), given by i.p. route. Pulp exposure was performed at the distal fossa of the right and
the left maxillary first molars, by using a 1011 diamond round bur (VortexIndustria e
Comércio de Ferramentas Diamantadas Ltda — Sdo Paulo, Brazil). The exposed pulps were
left open to the oral environment for twenty one days. The Figure 1 provides a representative

image of periapical lesion, in a non-treated tooth.

Endodontic treatment

After 21 days of pulp exposure, the animals were anesthetized as described before, and
the endodontic treatment was performed in the right and left maxillary first molars. The
exploration of the root canals was done with a 6-type K file (Dentsply Maillefer, Sdo Paulo,
Brazil). The working length was established at 3 mm, according to the anatomy of the rat

upper first molars. The technique consisted of manual instrumentation from the 6-type to the
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20-type K file (all 21-mm long). The change of each instrument was performed under 0.2 ml
sodium hypochlorite irrigation. At the end of instrumentation, the smear layer was removed
by the application of 0.2 ml of EDTA (ASFER Industria Quimica,Sdo Caetano do Sul, Séo
Paulo, Brazil) followed by irrigation with 0.2 ml of sodium hypochlorite 1% (ASFER
Industria Quimica,Sao Caetano do Sul, Sdo Paulo, Brazil). Calcium hydroxide (Pasta Calen,
S.S White Duflex, Rio de Janiero, Brazil) was used as intracanal medication into the right
molars, whereas the left molar received no medication, and was used as the negative control
group. Teeth were restored with glass ionomer (Vidrion R, S.S White Duflex, Rio de Janiero,
Brazil). The rats were maintained for an additional period of 21 days, in order to determine

the effectiveness of the intracanal dressing.

Cone Beam Tomography

For the tomography procedures, the animals were re-anesthetized and positioned in a
modified cage equipped with an adaptor for the head, to permit the standardization of image
takings. A 3D i-CAT tomography apparatus (Imaging Sciences, Hatfield, PA, USA) was
used, and the images (0.2 mm voxel size) were analyzed by using the equipment’s software.
A radiologist who was blinded to the groups performed the measurements. The area (length x

height) of periapical lesions was provided in mm?.

Histological analysis

After tomography procedures, euthanasia was performed by deep inhalation of
isofluorane. Immediately after, the maxillas were removed and placed in plastic bottles
containing 10% formaldehyde in 0.1 M phosphate buffer, for subsequent decalcification and
histological processing. The histological slides were stained with (a) Hematoxylin & Eosin

(HE) to verify the inflammatory infiltrate or with (b) Mallory to observe collagen fibers.
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Histological analysis was performed to complement and reinforce the results of CBTC for

checking intracanal medication effects.

Statistical analysis

The results are presented as the mean + standard error mean of 6 animals (left and
right superior molars). Histological results were described in a qualitative manner. The
statistical comparison of the data was performed by using the unpaired Student t test. P-values

smaller than 0.05 (P < 0.05) were considered significant.

Results

All the specimens developed periapical lesions, with areas ranging from 5.8 to 8.4
mm? in the calcium hydroxide-treated teeth, and from 7.9 to 12.1 mm? in the non-treated
control side, according to assessment by CBCT. The Figure 2 shows a representative image,
as captured by the CBCT apparatus. The mean (+ SEM) lesion area was 9.38 + 0.68 mm? in
the control group, and 7.08 + 0.44 mm? in the calcium-hydroxide-treated group. Most samples
in the control group showed a bursting of the cortical layer, an event that was not verified in
the treated group (Figure 3). The comparison between the lesion areas of control and treated
groups revealed a significant difference (p<0.05; unpaired Student t test). On the basis of
CBCT analysis, the calcium hydroxide dressing produced a reduction of about 25% in relation
to the non-treated control group (Figure 4). Histological analysis reinforced the CBTC
findings, confirming the effectiveness of calcium hydroxide in our experimental protocol.
From the histological analysis, it was possible to observe: 1) fewer inflammatory cells and
well-organized tissue in the treated group, in comparison to the controls; 2) the presence of

collagen fibers present, offering support and organized connection between periapical tissues
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and endodontium in teeth that had receive medication; and 3) control teeth, without dressing,

presented visible destruction and lack of continuity of collagen fibers (Figure 5).

Discussion

Several advantages of CBCT have been pointed out in recent literature, especially the
rapidity of measurements (9-12). In this regard, depending on the number and the size of
samples, CBCT data acquisition and evaluation can be accomplished in a short period of time.
Additionally, data collected is readily available for further evaluation and analysis in different
planes. We wondered whether research involving endodontic treatment in rats and CBCT
technology might be useful for this area of dentistry. Literature search revealed forty five
articles regarding the use of CBCT in rodent models, but none of them was related to
endodontics. The present study was aimed at describing the use of CBCT technology to
follow-up the extension of periapical lesions and the efficacy of intracanal medications in
vivo.

The induction of periapical lesions in rats has been widely described in the literature
(13-14, 16-19). In this experimental model, the lesion areas are commonly estimated by
radiographic analysis, providing two-dimensional images (13). In our study, a three-
dimensional image of tooth and surrounding tissues was produced, what indicates an obvious
advantage in the use of CBCT technology to evaluate periapical lesions, by providing more
accurate results. Of note, the use of CBCT apparatus permits taking the images when the
animal is alive, allowing multiple observations. On the other hand, in studies employing
conventional radiographs (13), taking good quality images depends on rat euthanasia and
maxillary dissection.

The limitations of conventional radiographic examination to evaluate the presence of

apical periodontitis are related to the amount of bone loss caused by lesion, the spread of bone
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resorption into the cortical bone, and operator variability in radiographic interpretation (20).
For these reasons, the use of CBCT for assessment of periapical healing might be satisfactory.

One inconvenience of using animals for in vivo studies in endodontics is that the
anatomy of the apices is different from apical structures in humans (13, 21). Nevertheless,
research using animal models is rather relevant to improve the current knowledge on
endodontics. In our paper, we have demonstrated that it is possible to analyze the effects of
intracanal medications, in a rat model of periapical lesions, by using CBCT. This model
allowed determining the effectiveness of calcium hydroxide in the resolution of apical
periodontitis. Evaluation by CBCT demonstrated a reduction of about 25% in the lesion area
in the treated groups. This might be considered a satisfactory outcome as most apical lesions
are still radiographically evident 1 year after treatment (20, 22-24), and 3 to 4 years might be
required to truly evaluate healing (20, 25).

In the clinical practice of endodontics, histological analysis cannot be performed, but
this methodology provides important information about tissue healing in animal models. In
this work, the histological evaluation was mainly employed to certify the validity of CBTC
for analysis of endodontic lesions. The histology assessment confirmed tomography results
showing less inflammatory infiltrate and better cellular organization in the test group,
according to H&E staining. The microscopy also showed that the test group presented better
organized collagen fibers, indicating a healthier endodontium, with integrity of the supporting
tissues, as observed form Mallory-colored sections.

In conclusion, the methodology described for endodontic treatment in rats with the use
of CBCT technology sounds rather appropriate and showed efficacy to be used in further
studies for analyzing innovative intracanal medications, and to the in vivo follow-up of

periapical lesions



36

References

1. Kakehashi S, Stanley HR, Fitzgerald RJ. The Effects of Surgical Exposures of Dental
Pulps in Germ-Free and Conventional Laboratory Rats. Oral Surg Oral Med Oral Pathol.
1965 Sep;20:340-9.

2. Moller AJ, Fabricius L, Dahlen G, Ohman AE, Heyden G. Influence on periapical
tissues of indigenous oral bacteria and necrotic pulp tissue in monkeys. Scand J Dent Res.
1981 Dec;89(6):475-84.

3. Gondim JO, Avaca-Crusca JS, Valentini SR, Zanelli CF, Spolidorio DM, Giro EM.
Effect of a calcium hydroxide/chlorhexidine paste as intracanal dressing in human primary
teeth with necrotic pulp against Porphyromonas gingivalis and Enterococcus faecalis. Int J
Paediatr Dent. 2012 Mar;22(2):116-24.

4. Panzarini SR, Trevisan CL, Brandini DA, Poi WR, Sonoda CK, Luvizuto ER, et al.
Intracanal dressing and root canal filling materials in tooth replantation: a literature review.
Dent Traumatol. 2012 Feb;28(1):42-8.

5. Taneja S, Kumari M. Use of triple antibiotic paste in the treatment of large
periradicular lesions. J Investig Clin Dent. 2012 Feb;3(1):72-6.

6. Riccitiello F, Stabile P, Amato M, Rengo S, D'Ambrosio C. The treatment of the large
periradicular endodontic injury. Minerva Stomatol. 2011 Sep;60(9):417-26.

7. Sathorn C, Parashos P, Messer H. Antibacterial efficacy of calcium hydroxide
intracanal dressing: a systematic review and meta-analysis. Int Endod J. 2007 Jan;40(1):2-10.
8. Basrani B, Tjaderhane L, Santos JM, Pascon E, Grad H, Lawrence HP, et al. Efficacy
of chlorhexidine- and calcium hydroxide-containing medicaments against Enterococcus
faecalis in vitro. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2003 Nov;96(5):618-24.
9. Cotton TP, Geisler TM, Holden DT, Schwartz SA, Schindler WG. Endodontic

applications of cone-beam volumetric tomography. J Endod. 2007 Sep;33(9):1121-32.



37

10. Kim TS, Caruso JM, Christensen H, Torabinejad M. A comparison of cone-beam
computed tomography and direct measurement in the examination of the mandibular canal
and adjacent structures. J Endod. 2010 Jul;36(7):1191-4.

11.  Michetti J, Maret D, Mallet JP, Diemer F. Validation of cone beam computed
tomography as a tool to explore root canal anatomy. J Endod. 2010 Jul;36(7):1187-90.

12.  Patel S, Dawood A, Ford TP, Whaites E. The potential applications of cone beam
computed tomography in the management of endodontic problems. Int Endod J. 2007
Oct;40(10):818-30.

13.  Lee YL, Hong CY, Kok SH, Hou KL, Lin YT, Chen MH, et al. An extract of green
tea, epigallocatechin-3-gallate, reduces periapical lesions by inhibiting cysteine-rich 61
expression in osteoblasts. J Endod. 2009 Feb;35(2):206-11.

14.  Sobrinho AP, Barros MH, Nicoli JR, Carvalho MA, Farias LM, Bambirra EA, et al.
Experimental root canal infections in conventional and germ-free mice. J Endod. 1998
Jun;24(6):405-8.

15.  Metzger Z, Klein H, Klein A, Tagger M. Periapical lesion development in rats
inhibited by dexamethasone. J Endod. 2002 Sep;28(9):643-5.

16.  Alshwaimi E, Purcell P, Kawai T, Sasaki H, Oukka M, Campos-Neto A, et al.
Regulatory T cells in mouse periapical lesions. J Endod. 2009 Sep;35(9):1229-33.

17.  Fouad A, Barry J, Russo J, Radolf J, Zhu Q. Periapical lesion progression with
controlled microbial inoculation in a type | diabetic mouse model. J Endod. 2002 Jan;28(1):8-
16.

18.  Garlet TP, Fukada SY, Saconato IF, Avila-Campos MJ, da Silva TA, Garlet GP, et al.
CCR2 deficiency results in increased osteolysis in experimental periapical lesions in mice. J

Endod. 2010 Feb;36(2):244-50.



38

19.  Wagner C, Barth VC, Jr., de Oliveira SD, Campos MM. Effectiveness of the proton
pump inhibitor omeprazole associated with calcium hydroxide as intracanal medication: an in
vivo study. J Endod. 2011 Sep;37(9):1253-7.

20.  Burgener B, Ford AR, Situ H, Fayad M1, Hao JJ, Wenckus CS, et al. Biologic markers
for odontogenic periradicular periodontitis. J Endod. 2010 Aug;36(8):1307-10.

21.  Holland R, Mazuqueli L, de Souza V, Murata SS, Dezan Junior E, Suzuki P. Influence
of the type of vehicle and limit of obturation on apical and periapical tissue response in dogs'
teeth after root canal filling with mineral trioxide aggregate. J Endod. 2007 Jun;33(6):693-7.
22.  Penesis VA, Fitzgerald PI, Fayad MI, Wenckus CS, BeGole EA, Johnson BR.
Outcome of one-visit and two-visit endodontic treatment of necrotic teeth with apical
periodontitis: a randomized controlled trial with one-year evaluation. J Endod. 2008
Mar;34(3):251-7.

23.  Trope M, Delano EO, Orstavik D. Endodontic treatment of teeth with apical
periodontitis: single vs. multivisit treatment. J Endod. 1999 May;25(5):345-50.

24.  Waltimo T, Trope M, Haapasalo M, Orstavik D. Clinical efficacy of treatment
procedures in endodontic infection control and one year follow-up of periapical healing. J
Endod. 2005 Dec;31(12):863-6.

25.  Peters LB, Wesselink PR. Periapical healing of endodontically treated teeth in one and
two visits obturated in the presence or absence of detectable microorganisms. Int Endod J.

2002 Aug:35(8):660-7.



39

Figure 1
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Figure 1. CBCT showing apical periodontitis in rat superior untreated molar (arrow).

Figure 2

Figure 2. Representative CBCT showing the apical lesion area in the control (left side) and

the treated group (right side).
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Figure 3

Figure 3. Representative CBCT showing bursting of cortical in the control (left side, as

indicated by an arrow), but not in the treated group (right group).
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Figure 4

Lesion Area (mmz)

Control Ca,OH-Treated

Figure 4. Lesion areas (in mm?) as determined by CBCT, in control (left upper molars) and
calcium hydroxide-treated (right upper molars) groups. Each column represents the mean of 6
samples and the vertical lines show the SEM. *P<0.05 denotes the significance levels in

comparison to control values.
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Figure 5

Figure 5. Optical microscopy showing fewer and well-organized inflammatory infiltrate in
the treated group (a), when compared to the control teeth (b). Teeth that received intracanal
medication displayed more collagen fibers, offering support and organized connection
between periapical tissues and endodontium (c); control teeth, without dressing, presented
destruction and lack of continuity of collagen fibers (d).He (a and b)-10x ; Mallory (d and c) -

40x.
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Efficacy of different formulations containing the antioxidant compound resveratrol as intracanal
medication in a rat model of periapical lesions
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Abstract

Obijectives: The purpose of this study was to evaluate the profile of different formulations
containing the antioxidant agent resveratrol, as intracanal medications in a rat model of
periapical lesions. Methods: Forty two male Wistar rats were used. Periapical lesions were
induced in the first upper molars of both sides. After 21 days, the endodontic instrumentation
was performed in the right and left maxillary first molars. Intracanal medication was applied
into the right molars, whereas the left molar received no medication, and it was used as the
negative control group. The medications were: Group 1: calcium hydroxide paste; Group 2:
2% chlorhexidine gluconate; Group 3: resveratrol + propyleneglycol; Group 4: calcium
hydroxide paste + resveratrol; Group 5: 2% chlorhexidine gluconate + resveratrol; Group 6:
resveratrol + rice oil; Group 7: resveratrol + vitamin E + propyleneglycol. After an additional
period of 21 days, both tomography and histological analysis were performed. Results: The
comparison between the lesion areas of control and treated groups revealed a significant
difference in the Groups (1) calcium hydroxide, (3) resveratrol + propyleneglycol and (5) 2%
chlorhexidine gluconate + resveratrol. The Groups 1, 3 and 5 showed a reduction of about
25% in relation to the respective non-treated control group, according to tomography
evaluation. The effects of these medications were confirmed by qualitative histological
analysis. Conclusions: It is tempting to suggest that resveratrol could be introduced to the
endodontics therapeutic arsenal, especially as an alternative to the currently available options.
Our study demonstrates, for the first time, that antioxidant agents can be effective when used
locally, as components of intracanal medications.

Keywords: resveratrol, calcium hydroxide paste, 2% chlorhexidine gluconate, periapical

lesions, rats.
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Introduction

The endodontic treatment aims to eradicate or to reduce the amount of microorganisms
in the root canal systems and to promote the healing of periapical tissues(2-4). The diseases
affecting the pulp and the periapical tissues are mainly caused by bacteria and their metabolic
products, enzymes or toxins that induce inflammation in endodontium (2, 5). The preparation
of the root canal system through irrigation, shaping and cleaning significantly reduces the
amount of bacteria in the root canal, and this process can be successfully improved by the use
of intracanal medications (2, 6). The reasons for the use of intracanal medications are (a) to
improve the elimination of bacteria in root canals; (b) to prevent bacterial proliferation
between appointments, and (c) to provide a physiochemical barrier, preventing the root canal
re-infection and nutrient supply to the remaining microorganisms (2, 4, 6).

Among the available intracanal dressings, calcium hydroxide and chlorhexidine
gluconate are the most used agents in the endodontic practice (7-8). Calcium hydroxide has
antimicrobial actions related to its high pH, which results in the inactivation of bacterial
membrane enzymes (2, 4, 9-11), although it is insufficient in the elimination of facultative
anaerobes and yeasts (2, 11). Chlorhexidine gluconate has been recommended as both
irrigation solution and intracanal medication due to its good antibacterial activity against
bacteria and yeast (12). However, chlorhexidine does not have the ability to dissolve tissues,
and removing gels containing chlorhexidine from the canal spaces can represent a complex
procedure (2).

Therefore, the search for new intracanal medications is patent and the use of natural
substances alone or in combination with currently available substances could be a very
attractive alternative for endodontic dressings (2-3, 5, 13-14). Resveratrol (3,5,4’-
trinydroxystilbene), a well-known antioxidant ingredient found in red wine, is a polyphenolic

phytoaxelin produced by grapes, mulberries and peanuts (15-16). This compound has a
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variety of biological properties, such as anti-inflammatory, analgesic, immunomodulatory,
cardioprotective and chemopreventive activities (15, 17-20). The impact of resveratrol in
dentistry has been studied in vascular inflammation and vascular endothelial factor (VEGF)
expression, induced by periodontal pathogens (19, 21). Furthermore, it was demonstrated
recently that resveratrol is able to reduce the production of inflammatory cytokines in human
periodontal ligament cells, stimulated with LPS from Porphyromonas gingivalis (22).
However, the action of this substance in endodontics has not yet been reported. Following this
basis, the purpose of this study was to evaluate the profile of resveratrol as an intracanal
medication in periapical lesions in rats. Special attempts have been made in order to assess the
effects of resveratrol when combined to the classical intracanal dressings, calcium hydroxide
or chlorhexidine gluconate, or even to test it in new formulations, containing other active

principles such as vitamin E and rice oil.

Material and Methods
Animals

Forty two male Wistar rats (220-2509) were used in this study. The animals were
maintained in controlled temperature (22 £ 2 °C) and humidity (60 - 70 %), under a 12 h light-
dark cycle. Food and water were available ad libitum. All animal procedures were performed
according to the “Principles of Laboratory Animal Care” from NIH publication No. 85-23 and
Ethical Guidelines for Investigation of Experimental Pain in Conscious Animals. The
Institutional Animal Ethics Committee approved all the experimental protocols (Approval
number N° 051/09). The number of animals was the minimum necessary to demonstrate the
consistent effects of the intracanal treatments. The sample size calculation was based on
previous studies (23-24) considering a statistic power of 95% and a level of significance of

5%, what indicated a number of six animals per experimental group.
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Induction of periapical lesions

Periapical lesions were induced in the first upper molars, as described previously (23-
24). Briefly, the animals were anesthetized by a mixture of ketamine (100 mg/kg) and
xylazine (10 mg/kg), given by i.p. route. Pulp exposure was performed at the distal fossae of
the right and the left maxillary first molars, by using a 1011 diamond round bur. The exposed

pulps were left open to the oral cavity for 21 days, to allow the lesion formation.

Endodontic treatment procedures

After 21 days of pulp exposure, the animals were anesthetized as described before, and
the endodontic instrumentation was performed in the right and left maxillary first molars,
according to the method described previously (25-26). The exploration of the root canals was
done with an 8-type K file. The working length was established at 3 mm, according to the
anatomy of the rat upper first molars. The technique consisted of manual instrumentation
from the 8-type to the 20-type K file (all 21-mm long). The change of each instrument was
performed under 200-pl sodium hypochlorite irrigation. At the end of instrumentation, the
smear layer was removed by the application of 200 pl of EDTA, followed by irrigation with
200 pl of sodium hypochlorite. Intracanal medication was applied into the right molars,
whereas the left molar received no medication, and it was used as the negative control group.
The medications were:
Group 1: calcium hydroxide paste;
Group 2: 2% chlorhexidine gluconate;
Group 3: resveratrol + propyleneglycol;
Group 4: calcium hydroxide paste + resveratrol,

Group 5: 2% chlorhexidine gluconate + resveratrol;
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Group 6: resveratrol + rice oil;
Group 7: resveratrol + vitamin E + propyleneglycol.

Teeth were restored with glass ionomer (Vidrion R, SS White Duflex, RJ, Brazil).
The rats were maintained for an additional period of 21 days, in order to determine the

effectiveness of the intracanal dressings.

Cone Beam Tomography

The areas of periapical lesions were determined by means of cone beam tomography,
as described before (26). Briefly, the animals were re-anesthetized as described above, and
positioned in a modified cage equipped with an adaptor for the head, to permit the
standardization of image takings. A 3D i-CAT tomography apparatus (Imaging Sciences,
Hatfield, PA, USA) was used, and the images (0.2 mm voxel size) were analyzed by using the
equipment’s software. A radiologist who was blinded to the experimental groups performed

the measurements. The area (length x height) of periapical lesions was provided in mm>.

Histological analysis

After tomography procedures, euthanasia was performed by deep inhalation of
isofluorane. Immediately after, the maxillae were removed and placed in recipients containing
10% formaldehyde in 0.1 M phosphate buffer, for subsequent decalcification and histological
processing. The histological slides were stained with Hematoxylin & Eosin (HE) to assess the
inflammatory infiltrate. Histological analysis was performed to complement the results of
cone beam tomography, in order to confirm the effects of intracanal medications. Two slides
of each tooth were analyzed by a pathologist blinded to the experimental groups. Histological

data is provided in a qualitative manner.
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Statistical analysis

The results from tomography are presented as the mean + standard error mean of 6
animals (left and right superior molars). Histological results were described in a qualitative
manner. The statistical comparison of the lesion areas was performed by using Student’s t

test. P-values less than 0.05 (P < 0.05) were considered significant.

Results

All the specimens analyzed developed periapical lesions. Figure 1 shows a
representative image of the periapical lesion as it is acquired after cone beam computed
tomography. The panel A shows a general view of the tomography images, whereas the panel
B reveals a lateral prospect of the periapical lesions. In the panel C, it is possible to observe
the periapical lesion areas in the left and the right first molars, as calculated by using i-Cat
software, from a specimen obtained from the resveratrol group (Group 3).

The comparison between the lesion areas of control and treated groups revealed a
significant difference in the Groups (1) calcium hydroxide paste, (3) resveratrol +
propyleneglycol, and (5) 2% chlorhexidine gluconate + resveratrol (Figures 2A, 2C and 2E)
when compared to the control teeth. On the basis of tomography analysis, the Groups 1, 3 and
5 displayed a reduction of about 25% in relation to the respective non-treated control group.
The Group 4, which was treated with calcium hydroxide paste + resveratrol presented a
partial, but not significant reduction of the lesion extent (Figure 2D), whereas 2%
chlorhexidine gluconate alone (Group 2) failed to significantly modify the periapical lesion
area, at the conditions tested in our study (Figure 2B). To gain further insights on the effects
of resveratrol when associated with other antioxidant products, we have also evaluated the

outcome of periapical lesions, when using resveratrol plus rice oil (Group 6), or resveratrol
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plus vitamin E (Group 7). Both associations failed to significantly affect the periapical
lesions, in comparison to control teeth.

The histological analysis reinforced the tomography findings, confirming the
effectiveness of intracanal medications in the groups that received (1) calcium hydroxide
paste, (3) resveratrol + propyleneglycol, or (5) 2% chlorhexidine gluconate + resveratrol as
intracanal dressings (Figure 3, Panels A, B and C), when compared to control teeth (Figures
3F, 3G and 3H, respectively). These intracanal medications produced a visible reduction of
inflammatory infiltrate, with reduced areas of suppuration in relation to their respective

control groups.

Discussion

Intracanal medications have been considered valuable tools to support the preparation
of the root canal system, in an attempt to improve the elimination of the microorganisms.
Despite the antimicrobial properties of the chemomechanical preparation and intracanal
dressings, the elimination of microorganisms may not be uniform due to different reasons,
such as (a) the varying vulnerability of the microorganism species; (b) the anatomical
complexity of root canals; or (c) the limited access by instruments or irrigants (5, 10, 12, 24).

In the Endodontic practice, calcium hydroxide and chlorhexidine gluconate represent
the most used intracanal medications (2, 5, 10, 12, 24, 27-29). Nevertheless, calcium
hydroxide is insufficient in the elimination of both facultative anaerobes and yeasts (2, 11),
whilst chlorhexidine gluconate does not have the ability to dissolve tissues, and gels
containing chlorhexidine cannot be easily removed from the canal spaces (2). In this context,
innovative research in this area is highly necessary, and the use of antioxidant substances
appears to be a reasonable alternative. For instance, it was previously demonstrated that

antioxidant agents, such as propolis (13), green tea extract and its related compounds (23) or
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tempol (30) displayed a significant reduction of periapical lesions, when administered
systemically to rats.

In this study, we tested, for the first time, the effects of the antioxidant compound
resveratrol as intracanal medication in vivo, and we obtained rather satisfactory results. A
previous publication indicated that resveratrol was able to inhibit the adherence of the
anaerobe bacteria P. gingivalis in vitro (19). Additionally, resveratrol was able to reduce the
production of cytokines or VEGF expression induced by periodontal pathogens in vitro (21-
22). Furthermore, several studies conducted in other research areas demonstrated that
resveratrol exerts multiple health-promoting effects such as anti-inflammatory, anti-tumoral,
anti-aging and anti-atherogenic effects (15-18), sustaining our results.

Herein, we tested the hypothesis that anti-inflammatory effects of resveratrol might
help in the repair of periapical lesions. In fact, resveratrol was able to significantly reduce the
extension of periapical lesions, when vehicled in either propyleneglycol or chlorhexidine,
whereas it failed to promote periapical lesion healing when mixed with calcium hydroxide, or
the anti-oxidant substances rice oil or vitamin E. As expected, in our study, calcium
hydroxide displayed satisfactory results when tested alone. However, its association with
resveratrol did not induce further significant diminishment of periapical lesions. This can be
attributed to several reasons, but it can be explained by possible chemical interactions
between the two substances.

The association of resveratrol with rice oil and vitamin E also failed to effectively
reduce the length of periapical lesions. Vitamin E is a lipophilic antioxidant agent that can
prevent the oxidative damage, and showed good results related to anti-inflammatory effects
(31-36). Thus, we expected an increased effectiveness of resveratrol when associated to
vitamin E, since both have antioxidant and anti-inflammatory effects. On the basis of our

results, there was no significant effect for that association. Additional studies using the
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proposed combination of antioxidant substances are still needed. The rice bran oil contains
high levels of antioxidant components, which could be useful for topical formulations(37),
being recommended for treatment of hyperlipoproteinemia in humans (38). It is also used by
cosmetic industry in sunscreen formulations, in topical aging-prevention products, and for
treating skin diseases (37). This substance also attenuates hyperglycemia in patients with
diabetes mellitus (38). Thus, it was supposed that rice oil could be an effective vehicle for
resveratrol in our experimental paradigm. The Group 6, which received resveratrol plus rice
oil as intracanal dressing, had a mean lesion area of 7.62 mm?, whereas the control value was
8.17 mm?. This difference was no statistically significant, but we might infer that prolonged
times of treatment with this association would result in a better outcome. In addition, rice oil
could be useful as vehicle for calcium hydroxide, which has been demonstrated to provide
better results when mixed to oily vehicles (7, 11).

Concerning the use of resveratrol as intracanal medication, we might propose that this
antioxidant compound might well be used as an alternative to the classical available intracanal
medications, such as calcium hydroxide and chlorhexidine. As an advantage, resveratrol has
been approved by the regulatory agencies for cosmetic and nutritional applications, presenting
low adverse effects even when used systemically. It is tempting to suggest that resveratrol and

other antioxidant agents could be added to Endodontics therapeutic arsenal.
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FIGURES

Figure 1. Representative image of cone beam tomography. Panel A shows an overall image
as acquired using the program i-Cat vision. Panel B shows a lateral view of apical lesions
(arrows). Panel C demonstrates the method used for calculating the periapical lesion areas of

resveratrol-treated tooth (right side) and the respective control tooth (left side).
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Figure 2. Comparison of the effects of calcium hydroxide paste (Panel A), 2% chlorhexidine
gluconate (Panel B), resveratrol vehicled in propyleneglycol (Panel C), resveratrol vehicled in
calcium hydroxide paste (Panel D), resveratrol vehicled in 2% chlorhexidine gluconate (Panel
E), resveratrol vehicled in rice oil (Panel F), or resveratrol vehicled in vitamin E (Panel F), on
the size of periapical lesions in rats: tomography analysis. The columns represent the mean of

6 experiments and the vertical lines indicate the standard error mean. *P<0.05; **P<0.001.
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Figure 3. Microscopy slides stained with H&E (100x). Reduced inflammatory cell infiltration
in the experimental groups: calcium hydroxide paste (Panel A), resveratrol vehicled in
propyleneglycol (Panel B), resveratrol vehicled in 2% chlorhexidine gluconate (Panel C).
Marked periapical bone resorption associated with chronic inflammation and suppuration in
the corresponding control groups (Panels D, E and F). The arrows indicate the evaluated

parameters and the anatomical areas.
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ABSTRACT

Obijectives: This study evaluated the effects of the B-lactamic antibiotic amoxicillin, as
intracanal medication, in periapical lesions in rats. Methods: Periapical lesions were induced
in the first upper molars of 18 male Wistar rats. After 21 days, the endodontic instrumentation
was performed. Intracanal medication was applied into the right molars, whereas the left
molar received no medication, and it was used as the negative control group. The following
experimental groups were evaluated: (1) amoxicillin vehicled in propyleneglycol; (2)
amoxicillin plus chlorhexidine gluconate; (3) amoxicillin combined to calcium hydroxide
paste. The extent of periapical lesions was determined quantitatively by cone-bean
tomography, and qualitatively by H&E and Mallory histological analysis, after an additional
period of 21 days. Results: Amoxicillin vehicled in propyleneglycol produced an inhibition of
47 + 5% of periapical lesion areas, and a similar degree of reduction was observed in the
group that received amoxicillin plus chlorhexidine gluconate (46 + 5%). Notably, the
combination of amoxicillin and calcium hydroxide paste resulted in a marked inhibition of
periapical lesions (65 + 10 %). Qualitative H&E histological analysis showed that
inflammatory infiltrate ranged from mild to moderate in the test groups, and the control
samples presented intense inflammatory infiltrate, with visible resorption areas. Regarding the
Mallory staining, it was possible to observe a massive presence of fibroblasts, surrounded by
intact and well-bonded collagen fibers. Otherwise, the control groups showed inflammatory
pouch, with intense inflammatory infiltrate and areas of abscess. Conclusions: The local use
of amoxicillin proved to be effective in rats, especially when combined to calcium hydroxide
paste. This might well represent an attractive alternative in clinics.

Keywords: antibiotics, amoxicillin, calcium hydroxide paste, 2% chlorhexidine gluconate,

periapical lesions, rats.
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INTRODUCTION

Endodontic treatment, through biomechanical cleaning and shaping, complemented by
intracanal medication represents a quite appropriate option to achieve healing, in the cases of
periapical lesions (1-7). The endodontic therapy is based on clinical and radiographic
findings, and it is supported by the use of intracanal medications and irrigating solutions, in
order to complement the disinfection of the root canal system (1, 5, 8). However, despite the
clear advantages, the intracanal dressings currently available in the clinics have some
limitations (5-6, 9-11).

Among the existing medications, calcium hydroxide and chlorhexidine gluconate
stand out presently as the most used agents in the clinical set (12-22). However, both have
limitations and further studies in the area of intracanal medications are important for the
evolution of endodontics. It is well known that calcium hydroxide displays limitations in the
elimination of facultative anaerobes and yeasts (1, 4). In addition, chlorhexidine does not have
the ability to dissolve tissues, and removing chlorhexidine-containing gels from the canal
spaces can be a difficult process (4, 6).

Given the complexity of the root canal system, the great difficulty of endodontic
treatment is the complete removal of microorganisms from dentinal tubules, lateral and
accessory canals, and from the side and apical delta (10, 18, 22-23). The available intracanal
medications do not reach all these regions, and systemic antibiotics are often used as adjuvant
alternatives in endodontics therapy (10, 24-26). However, the concentration of the antibiotics
reaching the canal system after systemic administration is minimal and unlikely able to inhibit
the bacterial growth (14, 24-26). For this reason, intracanal medications with antibiotics in
their composition could be effective in the treatment of apical lesions. Therefore, the purpose

of this study was to evaluate amoxicillin as intracanal medication in periapical lesions in rats,
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when used alone or vehicled in combination with the classical intracanal dressings, calcium

hydroxide and chlorhexidine gluconate.

MATERIAL AND METHODS
Animals

Eighteen male Wistar rats (220-250g) were used in this study. The animals were
maintained in controlled temperature (22 £ 2 °C) and humidity (60 - 70 %), under a 12 h light-
dark cycle. Food and water were available ad libitum. All animal procedures were performed
according to the “Principles of Laboratory Animal Care” from NIH publication No. 85-23 and
Ethical Guidelines for Investigation of Experimental Pain in Conscious Animals. The
Institutional Animal Ethics Committee approved all the experimental protocols. The number
of animals was the minimum necessary to demonstrate the consistent effects of the drug
treatments. The sample size calculation was based on previous studies (27-29) considering a
statistic power of 95% and a level of significance of 5%, what indicated a number of six

animals per experimental group.

Induction of periapical lesions

Periapical lesions were induced in right and left first upper molars, as described
previously (27-28). Briefly, the animals were anesthetized by a mixture of ketamine (100
mg/kg) and xylazine (10 mg/kg), given by i.p. route. Pulp exposure was performed at the
distal fossae of the right and the left maxillary first molars, by using a 1011 diamond round
bur. The exposed pulps were left open to the oral environment for twenty one days, to allow

the lesion formation
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Endodontic treatment

After 21 days of pulp exposure, the animals were anesthetized as described before, and
the endodontic treatment was performed in the right and left maxillary first molars, according
to the method described before (30). The exploration of the root canals was done with an 8-
type K file. The working length was established at 3 mm, according to the anatomy of the rat
upper first molars. The technique consisted of manual instrumentation from the 8-type to the
20-type K file (all 21-mm long). The change of each instrument was performed under 0.2 ml
sodium hypochlorite irrigation. At the end of instrumentation, the smear layer was removed
by the application of 0.2 ml of EDTA, followed by irrigation with 0.2 ml of sodium
hypochlorite. Intracanal medication was applied into the right molars, whereas the left molar
received no medication, and it was used as the negative control group. The medications were:
Group 1: amoxicillin + propyleneglycol;
Group 2: amoxicillin + chlorhexidine gluconate 2%;
Group 3: amoxicillin + calcium hydroxide paste .

Teeth were restored with glass ionomer (Vidrion R, SS White Duflex, RJ, Brazil). The
rats were maintained for an additional period of 21 days, in order to determine the

effectiveness of the intracanal dressings.

Determination of periapical lesion areas

The areas of periapical lesions were measured by using cone beam tomography as
described before (31). For these procedures, the animals were re-anesthetized and positioned
in a modified cage equipped with an adaptor for the head, to permit the standardization of
image takings. A 3D i-CAT tomography apparatus (Imaging Sciences, Hatfield, PA, USA)

was used, and the images (0.2 mm voxel size) were analyzed by using the equipment’s
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software. A radiologist who was blinded to the groups performed the measurements. The area

(length x height) of periapical lesions was provided in mm?.

Histological analysis

Histological analysis was performed to complement the results of cone beam
tomography, in order to confirm the intracanal medication effects. After tomography
procedures, euthanasia was performed by deep inhalation of isoflurane. Immediately after, the
maxillas were removed and placed in recipients containing 10% formaldehyde in 0.1 M
phosphate buffer, for subsequent decalcification and histological processing. The histological
slides were stained with Hematoxylin & Eosin (H&E) to verify the inflammatory infiltrate.
Mallory staining was performed to verify the presence of fibroblasts and collagen fibers. Two
slides of each tooth were analyzed by a pathologist blind to the experimental groups.

Histological data is presented in a qualitative manner.

Statistical analysis

The results from tomography are presented as the mean + standard error mean of 6
animals (left and right superior molars). Histological results were described in a qualitative
manner. The statistical comparison of the data was performed by using Student’s t test. P-

values less than 0.05 (P < 0.05) were considered significant.

RESULTS

Data depicted in Figure 1A demonstrates that amoxicillin vehicled in propyleneglycol
was able to significantly reduce the area of periapical lesions, according to cone-bean
tomography evaluation, with an inhibition rate of 47 + 5 %. A similar effect was observed

when amoxicillin was associated to chlorhexidine gluconate (46 = 5%) (Figure 1B). Of note,
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in our experimental paradigm, chlorhexidine gluconate did not elicit a significant reduction of
periapical lesions extent, when used alone (results not shown). However, when amoxicillin
was tested in combination with calcium hydroxide paste, it was possible to observe a great
reduction of periapical lesion area, which corresponded to 65 + 10 % of inhibition (Figure
1C).

The qualitative histological analysis confirmed and extended tomography data,
showing that amoxicillin, when used locally, alone or in combination with other medications,
produced a general reduction of inflammation intensity in periapical areas. Data on H&E
staining revealed that inflammatory infiltrate ranged from mild to moderate in all the test
groups (Figure 2A to 2C), whereas in the control groups, the inflammatory infiltrate was
intense, with visible areas of resorption (Figure 2D). For the Mallory staining, it was possible
to observe a massive number of fibroblasts, surrounded by well-bonded and intact collagen
fibers in the treated groups (Figure 2A-2C). Otherwise, the control groups showed

inflammatory pouch, with intense inflammatory infiltrate and areas of abscess (Figure 3D).
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DISCUSSION

Systemic antibiotic therapy is not usually recommended to treat root canal failures or
periradicular lesions (32). When systemic antibiotic is used as adjuvant in endodontics
therapy, the concentration of drug reaching the canal system after systemic administration is
minimal, and unlikely to inhibit bacterial growth (14, 24-26). Therefore, this paper was
designed to investigate the potential of the broad-spectrum B-lactamic antibiotic amoxicillin
as intracanal medication in periapical lesions in rats, when used alone or vehicled in
combination with the classical intracanal dressings, calcium hydroxide paste and
chlorhexidine gluconate.

In all the treated groups, there was a large reduction of periapical lesions, what was
most evident in the group where amoxicillin was mixed to calcium hydroxide. Amoxicillin is
an antibiotic with extended spectrum of action, and this might explain the great difference
between controls and treated animals, as evidenced in the tomography analysis. The extent of
inhibition obtained with amoxicillin alone or even in combination with chlorhexidine
gluconate was quite similar. Of note, we observed only a marginal effect for chlorhexidine
gluconate when used alone in the same experimental model (data not shown). Therefore, it is
possible to suggest that amoxicillin is the main responsible for the observed inhibitory effect
in the group that received this antibiotic combined to chlorhexidine gluconate.

Regarding the combination of amoxicillin and calcium hydroxide, there was a marked
reduction in the extent of periapical lesions, as revealed by cone bean tomography. It is
tempting to suggest that the use of amoxicillin plus calcium hydroxide could increase the
success rate of endodontic treatment. Noteworthy, both substances display a satisfactory
safety profile, and the reduction of calcium hydroxide concentrations by associating
amoxicillin might well minimize any potential periapical tissue damage caused by its high

alkalinity. Furthermore, considering that a major limitation of calcium hydroxide paste is the
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lack of effectiveness against E. faecalis (1, 4, 12, 14, 18), we might infer that this restriction
could be overtaken by the association with amoxicillin. In fact, a recent in vitro study showed
the ability of amoxicillin plus clavulanate to reduce E. faecalis biofilm, whilst calcium
hydroxide was found marginally effective (17). Furthermore, clinical isolates of E. faecalis
were demonstrated to be sensitive to B-lactamic antibiotics, supporting that notion (33).
However, additional microbiological investigations need to be addressed to confirm this
hypothesis. Nevertheless, several reasons can be pointed out to justify the use of this
combination in the clinical set.

Qualitative histological analysis was performed to complement data on cone beam
tomography. The H&E staining showed a visible reduction of inflammatory infiltrate in all
the treated groups, in comparison to the control samples. Furthermore, the Mallory staining
revealed that amoxicillin, even when used alone or in combination with other intracanal
medications, promoted the healing of periapical lesions, as observed by an increased number
of fibroblasts and by the presence of well-organized collagen fibers. When analyzed in
concert, tomography and histological findings clearly demonstrate that intracanal dressings
containing amoxicillin represent effective alternatives able to reduce both the extent and the
cellularity of periapical lesions in rats. Interestingly, amoxicillin and calcium hydroxide have
different mechanisms of action, what might additionally support the rational use of this
combination in Endodontics. In the literature, there are some previous reports employing
triple antibiotic paste (metronidazole, ciprofloxacin, and minocycline) as intracanal dressing
(14). The present study is allied to the strategy of using antibiotics as local medications, and

proposes a novel therapeutic approach to the currently available endodontics arsenal.
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Figure 1. Tomography analysis showing the effects of amoxicillin vehicled in
propyleneglycol (panel A), amoxicillin plus chlorhexidine gluconate (panel B) and
amoxicillin plus calcium hydroxide paste (panel C). The columns represent the mean of 6

experiments and the vertical lines indicate the standard error mean. *P<0.05; **P<0.001.

Figure 2. Histological images showing H&E staining (100x). Reduced inflammatory cell
infiltration in the experimental groups: Amoxicillin + propileneglycol (Panel A); Amoxicillin
with Calcium Hydroxide (Panel B); and Amoxicillin with chlorhexidine gluconate (Panel C).
Marked periapical bone resorption associated with chronic inflammation and suppuration in

the control groups (Panel D). The arrows indicate the evaluated parameters and the

anatomical areas.
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Figure 3. Histological images from Mallory-stained slides showing a large of number of

fibroblasts, with intact and well-bonded collagen fibers in the test groups: Amoxicillin +
propileneglycol (Panel A); Amoxicillin with Calcium Hydroxide (Panel B); and Amoxicillin
with chlorhexidine gluconate (Panel C). The control groups showed inflammatory pouch,
with intense inflammatory infiltrate and areas of abscess (Panel D). The arrows indicate the

evaluated parameters and the anatomical areas.
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Discussdo Geral e Consideragies Finais
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9. DISCUSSAO GERAL

Nos altimos anos, a Endodontia evoluiu muito, possibilitando o acesso a materiais e
técnicas avancadas, as quais facilitaram os procedimentos e trouxeram maior conforto e
seguranca para os tratamentos. Salienta-se, porém, que um profissional de salde, especialista
numa area tdo delicada quanto Endodontia, deve sempre alicercar sua conduta clinica em
bases biologicas, fundamentando seus tratamentos em preceitos béasicos de histologia,
farmacologia e, patologia, entre outros. O docente de Endodontia, por sua vez, deve ter o
cuidado de apresentar para os seus alunos as razdes pelas quais 0s principios bioldgicos
devem estar aliados a tecnologia na busca do sucesso terapéutico, para que a Endodontia

moderna ndo deixe de ser, antes de tudo, uma disciplina baseada em evidéncias.

Ressalta-se que o uso de uma medicacgéo intracanal faz-se importante, principalmente,
como suporte para os procedimentos realizados durante o preparo quimico mecanico,
aumentando as chances de reparo(1, 67, 69, 83-84). Na pratica Endodontica, o hidréxido de
calcio e a clorexidina sdo referéncias por suas propriedades, sendo as medicacdes de demora
mais utilizadas na atualidade (1, 10, 13, 80). Sabe-se, porém, que estas apresentam limitacGes,
0 que tem estimulado pesquisas sobre novas medica¢des, como o presente trabalho. As
substancias naturais vém sendo estudadas ha algum tempo na area da Endodontia, mostrando
resultados interessantes(4, 53). O resveratrol é amplamente utilizado na medicina oriental e
mostrou-se efetivo em modelos de céncer e inflamagdo(45-46, 48), o que motivou sua
aplicacdo como medicacdo intracanal. Os resultados com resveratrol veiculado em
propilenoglicol foram bastante animadores, uma vez que a clorexidina isolada, no tempo
testado, ndo foi diferente do controle. Num futuro préximo, pode-se vir a testar esta

formulacdo de outras maneiras, até que ensaios clinicos cegos randomizados possam ser
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executados e, quem sabe, permitam que o resveratrol seja, de fato, considerado um curativo

de demora em Endodontia.

Também foi avaliado o efeito da amoxicilina, um agente antimicrobiano que j& possui
seu uso sisttmico consagrado em Odontologia, devido a seu amplo espectro(20, 33, 40). Foi
avaliado se acdo local desta promoveria o reparo por atingir 0s microrganismos de maneira
mais direta e, em maiores concentragdes. Novamente, os resultados foram muito promissores,
especialmente quando da associacdo com hidréxido de célcio. A histologia corroborou os
achados tomogréficos. Tanto a coloragdo por H&E, quanto por Mallory, mostraram resultados
também animadores, confirmando a ideia de que a aplicacdo local de amoxicilina pode ser

uma estratégia interessante na clinica.

O presente trabalho trouxe resultados que podem ser relevantes para a Endodontia
como especialidade. Sabe-se, entretanto que muitos estudos precisam ainda ser realizados,
pois sO a partir de dados de ensaios clinicos randomizados cegos e controlados qualquer uma
das medicacdes podera de fato ser considerada curativo de demora. Salienta-se por fim que as
bases bioldgicas aqui apresentadas representam um passo importante para que medicagdes

intracanal sejam desenvolvidas e melhoradas.
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10. CONSIDERACOES FINAIS

v A tomografia computadorizada cone beam mostrou-se efetiva para medir lesdes
periapicais em ratos, mostrando ser uma metodologia interessante em trabalhos que
tém por objetivo medir o reparo das lesdes periapicais, apés o uso de medicacdo

intracanal.

v O Resveratrol pode ser uma alternativa interessante como medicacéo intracanal,
podendo, futuramente, vir a integrar o arsenal de medicagbes utilizadas em

Endodontia.

v A amoxicilina apresentou acdo local marcante no reparo da regido periapical. Tendo
em vista que a mesma mostrou-se eficaz, tanto quando isolada, como em conjunto
com hidroxido de célcio e clorexidina, sugere-se que o uso local deste antibidtico em

Endodontia pode ser interessante para potencializar o reparo da regido periapical.
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