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1. RESUMO  

Na Endodontia, o preparo químico-mecânico produz uma redução significativa da 

quantidade de bactérias no interior do sistema de canais radiculares. Este procedimento pode 

ser complementado pelo uso de medicações intracanal, a fim de aumentar a possibilidade de 

sucesso da terapia endodôntica. O presente estudo teve como objetivo avaliar a efetividade de 

diferentes medicações intracanal, em esquemas isolados ou em associação, para o controle de 

lesões periapicais em ratos. Esta tese foi dividida em capítulos, contemplado as diferentes 

medicações estudadas e os artigos originados. No capítulo 1, foi enfatizada a metodologia 

utilizada, com aplicação da Tomografia Cone Beam (CBTC), como ferramenta para avaliar o 

reparo das lesões periapicais após terapia endodôntica e, curativo de demora, demonstrando a 

eficácia do exame para finalidade proposta. Testou-se o hidróxido de cálcio (lado direito) 

versus grupo controle negativo (lado esquerdo), sem medicação. Na avaliação com CBTC, a 

área da lesão no grupo controle foi de 9.38 ± 0.68 mm
2 

e, no grupo tratado de 7.08 ± 0.44 

mm
2
, sendo esta diferença significativa (p<0.05). No capítulo 2, foi avaliado o efeito do 

antioxidante, resveratrol e, das medicações consideradas padrão-ouro em Endodontia, 

clorexidina e hidróxido de cálcio, em esquemas isolados ou em associações. Ademais, o 

resveratrol foi testado em conjunto com a vitamina E ou com o óleo de arroz. Neste artigo, as 

comparações entre grupos tratados e controle demonstraram diferença significativa (p<0.05) 

nos grupos em que foi utilizado hidróxido de cálcio, resveratrol em propilenoglicol e 

resveratrol com clorexidina. Estes grupos apresentaram uma redução de aproximadamente 

25% em relação ao seu grupo controle, de acordo com avaliação por CBTC. Os efeitos das 

medicações foram confirmados por análise histológica qualitativa, tendo sido observado 

maior infiltrado inflamatório, além de áreas de reabsorção e supuração nos grupos controle. 

Já, no capítulo 3, foi avaliada ação local da amoxicilina na região periapical, quando utilizada 

de maneira isolada ou, em combinações. Neste estudo, a amoxicilina mostrou-se bastante 
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eficaz, tanto isoladamente, quanto em conjunto com hidróxido de cálcio ou clorexidina 

(p<0.05). As percentagens de redução foram de 47 ± 5%, para amoxicilina em 

propilenoglicol; 46 ± 5% para amoxicilina + gluconato de clorexidina e; 65 ± 10 % para 

amoxicilina + hidróxido de cálcio. Para confirmar os resultados da CBTC, foi realizada 

análise histológica qualitativa. Na coloração de H&E, o infiltrado inflamatório variou de leve 

a moderado nos grupos com medicação. No grupo controle, o infiltrado inflamatório foi 

classificado como intenso, com áreas de reabsorção. Na coloração de Mallory, os grupos teste 

mostraram grande quantidade de fibroblastos e fibras colágenas íntegras. Em contrapartida, o 

grupo controle apresentou infiltrado intenso, áreas de abscesso e supuração. Por fim, é 

apresentada uma discussão geral dos resultados, bem como, uma seção de considerações 

finais contemplando o desempenho das diversas medicações testadas e o significado do 

trabalho para a Endodontia. Conclui-se que a CBTC pode ser uma ferramenta importante para 

estudos pré-clínicos na área da endodontia, mostrando aplicação para determinação de 

alterações na região apical. Ademais, sugere-se que o agente antioxidante resveratrol ou o 

antibiótico amoxicilina podem ser alternativas efetivas como medicação 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
2
 in the control group, and 7.08 ± 

0.44 mm
2
 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 endodôntico tem a finalidade de reduzir os microorganismos e seus 

produtos do sistema de canais radiculares(1-3). As bactérias e as reações inflamatórias 

induzidas por seus produtos metabólicos, enzimas e, toxinas estão entre os fatores causadores 

das doenças endodônticas(3-7).  Na Endodontia, o preparo químico-mecânico, através da 

limpeza, modelagem e irrigação, tem mostrado redução significativa da quantidade de 

bactérias no interior do sistema de canais radiculares; porém, estes procedimentos podem ser 

complementados pelo uso de medicações intracanal, para aumentarem a possibilidade de 

sucesso da terapia endodôntica(2-3, 5-6, 8). As razões para utilização das medicações 

intracanal são: a) reduzir ao máximo as bactérias no sistema de canais radiculares; b) prevenir 

a proliferação de microorganismos entre as consultas; e c) criar uma barreira físico-química, 

prevenindo a reinfecção do canal radicular e o suprimento nutritivo para os microorganismos 

remanescentes (3, 8-9). 

Dentre as medicações intracanal existentes, o hidróxido de cálcio e a clorexidina são 

as mais utilizadas na Endodontia(3-7, 10-12). O hidróxido de cálcio possui ação 

antimicrobiana relacionada ao seu alto pH, o que resulta na inativação da membrana 

enzimática bacteriana, (1, 3, 5, 9, 12-14), embora esta medicação não seja totalmente eficaz 

na eliminação de microorganismos facultativos anaeróbios e leveduras(1, 3, 13). O gluconato 

de clorexidina tem sido recomendado tanto como solução irrigadora, como medicação 

intracanal, devido a sua forte atividade antibacteriana contra microorganismos gram-positivos 

e gram-negativos, assim como leveduras, anaeróbios facultativos e aeróbios (15-17). 

Entretanto, até o momento, a clorexidina não preenche os requisitos necessários para um 

“curativo de demora” satisfatório, particularmente quanto à inativação do LPS bacteriano 

(18), pelo fato de não possuir a habilidade de dissolução tecidual (3). Além disso, a 

concentração de 2% tem sido considerada tóxica aos tecidos vivos (18). 
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Deve-se considerar que, até o momento, não existe uma medicação intracanal ideal. 

Assim, pesquisas sobre novas medicações são necessárias e a utilização de substâncias 

naturais isoladas ou em combinação com medicações já consagradas pode ser uma alternativa 

para o aprimoramento dos curativos de demora em endodontia (1, 3-4, 7, 19-20). O 

resveratrol é um agente antioxidante, que possui diversas propriedades biológicas descritas na 

literatura e, já é utilizado em algumas áreas da Medicina. Entretanto, a ação desta substância 

na Odontologia e, mais especificamente na Endodontia, ainda não foi estudada. Além disso 

apesar de ser utilizada sistemicamente na Odontologia, não há estudos que tenham 

investigado a eficácia da amoxicilina como medicação intracanal. Assim, justifica-se este 

trabalho pelo fato de não terem sido encontradas na literatura, evidências que comprovem que 

em endodontia há uma medicação intracanal considerada totalmente satisfatória.  
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4. Revisão de Literatura 

4.1 CONSIDERAÇÕES GERAIS 

O tratamento endodôntico é direcionado ao controle das infecções pulpares e 

perirradiculares. O envolvimento dos microrganismos nas patogêneses da polpa, bem como 

nas doenças perirradiculares, já foi demonstrado por KAKEHASHI (1965), MOLLER (1981) 

e SUNDQVIST (1992), sendo que a eliminação dos microrganismos do sistema de canais 

radiculares envolve o uso de várias técnicas de instrumentação, irrigação e medicação 

intracanal(21-24). Dada a relevância dos microrganismos para patogênese das periodontites 

apicais, torna-se claro que o sucesso do tratamento endodôntico, depende da redução ou 

eliminação destes agentes agressores (14). A instrumentação mecânica sozinha, porém, não 

resulta em eliminação completa dos microrganismos do sistema de canais radiculares, fato 

também justificado pela complexidade anatômica do referido sistema(22).  Neste contexto, o 

uso da medicação intracanal tem sido indicado para complementar a redução do número de 

microrganismos do sistema de canais radiculares (25). 

Na terapia endodôntica, o preparo químico-mecânico é essencial para a desinfecção 

radicular; contudo, a medicação intracanal é utilizada para complementar a redução de 

bactérias remanescentes (14, 22). A medicação intracanal tem vantagens e limitações, sendo 

estas últimas relacionadas com a presença de microrganismos residuais, os quais poderão 

interferir na cicatrização ou no desenvolvimento de periodontite apical, levando, assim, à 

falha do tratamento Endodôntico (20). A medicação intracanal, portanto, é utilizada como 

auxiliar na desinfecção endodôntica, buscando a redução ou eliminação das bactérias 

localizadas no interior do sistema de canais radiculares, criando um ambiente favorável ao 

reparo dos tecidos periapicais. 

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

perirradiculares, provavelmente causada pela presença de microorganismos no interior do 
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sistema de canais radiculares, onde os anaeróbios são considerados os agentes etiológicos 

primários (11). No tratamento endodôntico, diversas substâncias químicas têm sido utilizadas 

para controlar os microrganismos encontrados no interior do sistema de canais radiculares, a 

fim alcançar a resolução do processo (26).            

Dentre as substâncias químicas utilizadas como medicação intracanal, destacam-se como 

mais efetivas e melhor caracterizadas, o hidróxido de cálcio e a clorexidina (7, 11, 13-14, 25, 

27-28). 

 

4.2 HIDRÓXIDO DE CÁLCIO 

O hidróxido de cálcio é uma das medicações mais versáteis em Odontologia, 

especialmente por seu uso como medicação intracanal, tanto em dentes vitais, quanto não 

vitais, sendo a medicação de escolha para casos que incluem procedimentos de apexificação, 

reabsorção dentária interna e reparo de perfurações (27). O hidróxido de cálcio é uma 

substância alcalina, com pH aproximado de 12,5. Em solução aquosa, se dissocia em íons 

hidroxila, apresentando diversas propriedades biológicas, tais como: atividade antimicrobiana, 

capacidade de dissolução tecidual, inibição da reabsorção dentária e indução do reparo pela 

formação tecidual (14). Tem sido demonstrado que os patógenos presentes nos canais 

radiculares não são capazes de sobreviver no ambiente alcalino criado pelo hidróxido de 

cálcio. A atividade antimicrobiana desta substância estaria relacionada à liberação de íons 

hidroxila, levando à morte das células bacterianas por pelo menos três mecanismos: (a) dano à 

membrana citoplasmática bacteriana, (b) dano ao DNA e/ou, (c) desnaturação proteica (14). 

Entretanto, para que fosse totalmente efetiva, esta medicação intracanal deveria ocupar todo 

espaço do sistema de canais radiculares, o que não acontece de fato (27). Assim, a ação 

antimicrobiana do hidróxido de cálcio depende diretamente da disponibilidade, difusão e 

velocidade de dissociação dos íons cálcio e hidroxila dentro do canal radicular (2). 
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Deve-se ressaltar que a pasta de hidróxido de cálcio tem-se mostrado biocompatível e 

efetiva em dentes com periodontite apical. Esta pasta pode ser preparada com diferentes 

veículos, tais como água destilada, propilenoglicol, Otosporin, entre outros, Entretanto, não 

há evidências definitivas acerca da existência de um sinergismo antimicrobiano entre o 

veículo e o hidróxido de cálcio (14). 

O hidróxido de cálcio, como medicação intracanal, é indicado para tratamento de dentes 

com necrose pulpar, por possuir ação antisséptica, capacidade de estimular ou criar condições 

favoráveis para o reparo tecidual, além de possuir elevada ação higroscópica, fato que o torna 

indicado para tratamento de lesões periapicais de longa duração, possivelmente por apresentar 

atividade anti-inflamatória (29). Salienta-se também que alguns estudos têm investigado as 

associações de hidróxido de cálcio com substâncias antimicrobianas, como clorexidina, 

eritromicina, clindamicina e tetraciclina (30-31) sobre bactérias do gênero Enterococcus, 

obtendo resultados satisfatórios. Entretanto, até o momento, não foram encontradas 

evidências concretas que justifiquem o uso do hidróxido de cálcio associado à (a) outra (s) 

substância (s) (27). Assim, são necessários novos estudos dentro dessa linha de pesquisa. 

 

4.3. CLOREXIDINA 

A clorexidina é uma biguanida catiônica, largamente utilizada na periodontia, que age 

sobre um amplo número de microrganismos, como bactérias gram-positivas e gram-negativas. 

Tem sido demonstrado que esta substância parece agir adsorvendo a parede celular dos 

microrganismos, o que resulta em extravasamento dos componentes intracelulares (2, 11, 16, 

27). A eficácia do gluconato de clorexidina pode ser explicada pela interação entre suas 

cargas positivas e, as cargas negativas dos grupos fosfato da parede celular bacteriana (27). 

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

aumentar a ação antibacteriana das medicações intracanais consideradas tradicionais, 
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buscando a eliminação dos microrganismos associados às infecções persistentes e aos casos 

de insucesso (7). Quando utilizada como medicação intracanal, a clorexidina tem-se mostrado 

mais efetiva que o hidróxido de cálcio contra a infecção causada por Enterococcus faecallis 

nos túbulos dentinários (3, 10-11, 16, 32). Finalmente, é importante ressaltar que a clorexidina 

possui atividade reduzida em presença de matéria orgânica e, assim como o hidróxido de 

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

 

4.4. AGENTES ANTIMICROBIANOS 

 As bactérias estão diretamente envolvidas nas patologias endodônticas, sendo cabível 

considerar que os antibióticos podem ser úteis no manejo dos sintomas dessas afecções (33). 

A utilização de medicação intracanal contendo antibióticos pode ser importante para o 

tratamento de infecções persistentes, já que antibióticos como a clindamicina, quando 

utilizados sistemicamente, são eficazes no tratamento de infecções agudas, abcessos e flare-

ups (34). Ressalta-se também que dentre os antibióticos, a amoxicilina tem sido utilizada 

sistemicamente, como tratamento coadjuvante em infecções endodônticas agudas, por ser este 

um antibiótico eficaz contra F. nucleatum e F .necrophorum, microrganismos frequentemente 

relacionados com infecções endodônticas primárias (35).  

 Na periodontite apical, por não haver polpa e, consequentemente, suprimento 

sanguíneo, as concentrações dos antibióticos sistêmicos que alcançam o canal radicular são 

mínimas. A ação local de antibióticos como, amoxicilina, clindamicina e doxiciclina sobre os 

microrganismos tem sido demonstrada apenas in vitro (20, 36-39). Estudos utilizando técnicas 

de biologia molecular demonstraram que a aplicação 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 antibióticos foram incubados in vitro (40). Contudo, não há 

evidências conclusivas acerca dos efeitos da aplicação 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 vários efeitos benéficos (41). É um polifenol encontrado nas uvas, no 

vinho tinto e em alguns grãos, possuindo propriedades anti-inflamatórias, efeito 

cardioprotetor, baixa toxicidade e uma série de ações biológicas, incluindo propriedades 

quimiopreventivas. (42-45). Destaca-se ainda que o resveratrol mostrou-se efetivo em 

modelos de câncer, além de apresentar ações positivas sobre o metabolismo(41). 

 

 

 

 

 

 

 

 

 

FIGURA 1: Estrutura química do Resveratrol.  

Fone: Cucciolla et all (2007)
(45)

 

 

Ressalta-se que a interferência positiva do resveratrol já foi relacionada a eventos 

importantes, tais como: (a) radioproteção, (b) radiosensibilidade, (c) supressão da 

mutagênese, (d) imunomodulação, (e) angiogênese, entre outros (45). 

Salienta-se que o resveratrol é conhecido há muito tempo na medicina oriental, sendo 

utilizado pelos japoneses e chineses para o tratamento de doenças inflamatórias,  alérgicas e 

da aterosclerose (46). 
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Estudos in vivo com o resveratrol demonstraram que esta substância possui efeito 

quimiopreventivo e antitumoral em animais(45) sendo foi mostrado também que o resveratrol 

diminui os níveis de lipídeos no soro sanguíneo, diminui a agregação plaquetária e aumenta 

os níveis de HDL, o qual ajuda a remover o colesterol LDL do sangue e a prevenir a 

obstrução das artérias (46). Ressalta-se que os efeitos do resveratrol já foram demonstrados 

em modelos animais de doenças inflamatórias crônicas, tais como artrite e pancreatite (43) 

tendo sido igualmente evidenciado que este composto atua sobre o sistema celular, 

interferindo no crescimento, diferenciação e morte celular (45), além de apresentar efeitos 

anti-virais, anti-fúngicos e anti-bacterianos (42-46). De forma interessante, na Odontologia, o 

resveratrol se apresentou efetivo contra o crescimento de Porphyromonas gingivalis, um 

patógeno envolvido no inicio e na progressão da doença periodontal (44). Entretanto, não há 

evidências diretas acerca dos efeitos do resveratrol sobre infecções endodônticas.  

 Assim, diante de todos estes efeitos promissores do Resveratrol constados na 

literatura, pensou-se em testar o seu efeito como medicação intracanal utilizando o mesmo 

localmente, no tratamento da periodontite apical. Já que a Endodontia carece de um curativo 

de demora ideal, a união de substâncias naturais com medicações já consagradas pode 

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

5.1. OBJETIVO GERAL 

O presente estudo teve por objetivo avaliar a efetividade de diferentes medicações 

intracanais, em esquemas isolados ou em associação, para o controle de lesões periapicais em 

ratos. 

 

5.2. OBJETIVOS ESPECÍFICOS 

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

determinação de lesões periapicais em ratos e da eficácia de medicações intracanal; 

 

b) Comparar os efeitos do hidróxido de cálcio e da clorexidina em gel, isolados ou em 

associação com diferentes substâncias no reparo de lesões periapicais em ratos; 

 

c) Avaliar os efeitos do composto natural, resveratrol, como medicação intracanal para 

o controle de lesões periapicais em ratos, em comparação com os outros agentes avaliados no 

estudo; 

 

d) Avaliar os efeitos do antibiótico amoxicilina, como medicação intracanal de uso 

local para o controle de lesões periapicais em ratos, em comparação com os outros agentes 

avaliados no estudo. 
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Use of cone bean tomography to evaluate intracanal medications in a rat model of apical periodontitis  
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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
2
. Unpaired Student t test was employed 

to verify the differences between groups. The lesion area was 9.38 ± 0.68 mm
2
 in the control 

group, and 7.08 ± 0.44 mm
2
 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 eficácia das 

medicações intracanal em ratos, utilizando a Tomografia Cone Beam (CBCT) para 

acompanhar as lesões periapicais. Seis ratos Wistar machos foram utilizados e lesões apicais 

induzidas em 12 molares superiores. O tratamento Endodôntico foi realizado em todos os 

dentes e pasta de Hidróxido de Cálcio foi aplicada nos molares do lado direito ( grupo teste, 

n=6) enquanto que nenhuma medicação foi utilizada nos molares esquerdos (grupo controle, 

n=6). CBCT foi realizada vinte e um dias após tratamento endodôntico, e a área da lesão foi 

determinada em mm
2
. Teste t Student não pareado foi empregado para verificar diferenças 

entre os grupos. A área da lesão era de 9.38 ± 0.68 mm
2 

no grupo controle e 7.08 ± 0.44 mm
2
 

no grupo tratado (p<0.05) de acordo com a avaliação da CBTC. Estes dados foram 

confirmados pela avaliação histológica 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 útil para estudo in vivo dos efeitos das medicações intracanal e suas influências na 

cicatrização das lesões periapicais. 

Palavras chave:Periodontite Apical- Medicação 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 (220-250g) were used in this study. The animals were maintained 

in controlled temperature (22 ± 2 ºC) 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 (VortexIndústria e 

Comércio de Ferramentas Diamantadas Ltda – São 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, São 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 Indústria Química,São Caetano do Sul, São 

Paulo, Brazil) followed by irrigation with 0.2 ml of sodium hypochlorite 1% (ASFER 

Indústria Química,São Caetano do Sul, São 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
2
.  

 

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
2
 in the calcium hydroxide-treated teeth, and from 7.9 to 12.1 mm

2
, 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
2
 in 

the control group, and 7.08 ± 0.44 mm
2
 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 
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Figure 1 

 

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 

 

 

 

 

 

 

Figure 4. Lesion areas (in mm
2
) 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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Abstract 

Objectives: 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’-

trihydroxystilbene), 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 (220-250g) were used in this study. The animals were 

maintained in controlled temperature (22 ± 2 ºC) 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 Nº 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-µl sodium hypochlorite irrigation. At the end of instrumentation, the 

smear layer was removed by the application of 200 µl of EDTA, followed by irrigation with 

200 µl 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
2
.  

 

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 



53 

 

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
2
, whereas the control value was 

8.17 mm
2
. 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 

Objectives: This study evaluated the effects of the β-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, 



65 

 

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 ºC) 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
2
.  

 

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 β-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 β-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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FIGURES  

 

 

 

 

 

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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9. DISCUSSÃO GERAL 

Nos últimos anos, a Endodontia evoluiu muito, possibilitando o acesso a materiais e 

técnicas avançadas, as quais facilitaram os procedimentos e trouxeram maior conforto e 

segurança para os tratamentos. Salienta-se, porém, que um profissional de saúde, especialista 

numa área tão delicada quanto Endodontia, deve sempre alicerçar sua conduta clínica em 

bases biológicas, fundamentando seus tratamentos em preceitos básicos 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 razões pelas quais os princípios biológicos 

devem estar aliados à tecnologia na busca do sucesso terapêutico, para que a Endodontia 

moderna não deixe de ser, antes de tudo, uma disciplina baseada em evidências. 

Ressalta-se que o uso de uma medicação intracanal faz-se importante, principalmente, 

como suporte para os procedimentos realizados durante o preparo químico mecânico, 

aumentando as chances de reparo(1, 67, 69, 83-84). Na prática Endodôntica, o hidróxido de 

cálcio e a clorexidina são referências por suas propriedades, sendo as medicações de demora 

mais utilizadas na atualidade (1, 10, 13, 80). Sabe-se, porém, que estas apresentam limitações, 

o que tem estimulado pesquisas sobre novas medicações, como o presente trabalho. As 

substâncias naturais vêm sendo estudadas há algum tempo na área da Endodontia, mostrando 

resultados interessantes(4, 53). O resveratrol é amplamente utilizado na medicina oriental e 

mostrou-se efetivo em modelos de câncer e inflamação(45-46, 48), o que motivou sua 

aplicação como medicação intracanal. Os resultados com resveratrol veiculado em 

propilenoglicol foram bastante animadores, uma vez que a clorexidina isolada, no tempo 

testado, não foi diferente do controle. Num futuro próximo, pode-se vir a testar esta 

formulação de outras maneiras, até que ensaios clínicos 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 já possui 

seu uso sistêmico consagrado em Odontologia, devido a seu amplo espectro(20, 33, 40). Foi 

avaliado se ação local desta promoveria o reparo por atingir os microrganismos de maneira 

mais direta e, em maiores concentrações. Novamente, os resultados foram muito promissores, 

especialmente quando da associação com hidróxido de cálcio. A histologia corroborou os 

achados tomográficos. Tanto a coloração por H&E, quanto por Mallory, mostraram resultados 

também animadores, confirmando a ideia de que a aplicação local de amoxicilina pode ser 

uma estratégia interessante na clínica.   

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 só a partir de dados de ensaios clínicos randomizados cegos e controlados qualquer uma 

das medicações poderá de fato ser considerada curativo de demora. Salienta-se por fim que as 

bases biológicas aqui apresentadas representam um passo importante para que medicações 

intracanal sejam desenvolvidas e melhoradas. 
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10. CONSIDERAÇÕES FINAIS 

 

 A tomografia computadorizada cone beam mostrou-se efetiva para medir lesões 

periapicais em ratos, mostrando ser uma metodologia interessante em trabalhos que 

têm por objetivo medir o reparo das lesões periapicais, após o uso de medicação 

intracanal. 

 

 O Resveratrol pode ser uma alternativa interessante como medicação intracanal, 

podendo, futuramente, vir a integrar o arsenal de medicações utilizadas em 

Endodontia. 

 

 A amoxicilina apresentou ação local marcante no reparo da região periapical. Tendo 

em vista que a mesma mostrou-se eficaz, tanto quando isolada, como em conjunto 

com hidróxido de cálcio e clorexidina, sugere-se que o uso local deste antibiótico em 

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