
MINISTÉRIO DA EDUCAÇÃO E CULTURA 

UNIVERSIDADE FEDERAL DO RIO GRANDE DO NORTE 

CENTRO DE CIÊNCIAS DA SAÚDE 

PROGRAMA DE PÓS-GRADUAÇÃO EM CIÊNCIAS DA SAÚDE 

 

 

 

 

AVALIAÇÃO DO EFEITO ANTI-INFLAMATÓRIO DOS FÁRMACOS: 
ATORVASTATIN, CARVEDILOL, OLMESARTAN E TELMISARTAN, EM MODELO 

EXPERIMENTAL DA DOENÇA PERIODONTAL INDUZIDA EM RATOS. 

 

 

 

 

 

 

 

TATIANA OLIVEIRA SOUZA 

 

 

NATAL/RN 

2015 



TATIANA OLIVEIRA SOUZA 

 

 

 

 

 

 

AVALIAÇÃO DO EFEITO ANTI-INFLAMATÓRIO DOS FÁRMACOS: 
ATORVASTATIN, CARVEDILOL, OLMESARTAN E TELMISARTAN, EM MODELO 

EXPERIMENTAL DA DOENÇA PERIODONTAL INDUZIDA EM RATOS. 

 

Tese apresentada ao Programa de Pós-

Graduação em Ciências da Saúde da 

Universidade Federal do Rio Grande do 

Norte como requisito para obtenção do 

título de Doutora em Ciências da Saúde. 

 

 

Orientador: Prof. Dr. Raimundo Fernandes de Araújo Junior 

 

 

NATAL/RN 

2015



 

 

III 

 

 

 

 

 

 

 

 

 

 

 



 

 

IV 

 

MINISTÉRIO DA EDUCAÇÃO 

UNIVERSIDADE FEDERAL DO RIO GRANDE DO NORTE 

CENTRO DE CIÊNCIAS DA SAÚDE 

PROGRAMA DE PÓS-GRADUAÇÃO EM CIÊNCIAS DA SAÚDE 

 

 

 

 

 

 

 

Coordenador do Programa de Pós-Graduação em Ciências da Saúde: 

Prof. Dr. Eryvaldo Socrates Tabosa do Egito  

 

 

 

 

 

 

 

 



 

 

V 

 

TATIANA OLIVEIRA SOUZA 

 

AVALIAÇÃO DO EFEITO ANTI-INFLAMATÓRIO DOS FÁRMACOS: ATORVASTATIN, 

CARVEDILOL, OLMESARTAN E TELMISARTAN, EM MODELO EXPERIMENTAL DA 

DOENÇA PERIODONTAL INDUZIDA EM RATOS. 

Aprovada em 03/06/2015. 

 

Banca examinadora: 

 

 

Presidente da Banca:  

___________________________________ 

Prof. Dr. Raimundo Fernandes de Araújo Júnior 

Universidade Federal do Rio Grande do Norte (UFRN) 
Orientador 

 

Membros da Banca: 

 

____________________________________ 

Prof. Dr. Aldo da Cunha Medeiros 

Universidade Federal do Rio Grande do Norte (UFRN) 
Membro interno 

 

 



 

 

VI 

 

____________________________________ 

Profª. Dra. Ana Miryam Costa de Medeiros 

Universidade Federal do Rio Grande do Norte (UFRN) 
Membro interno 

 

_____________________________________ 

Prof. Dr. Magnus Régios Dias da Silva 

Universidade Federal de São Paulo (UNIFESP) 

Membro externo 

 

_____________________________________ 

Prof. Dr. Jeymesson Raphael Cardoso Vieira 

Universidade Federal de Pernambuco (UFPE) 

Membro externo 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

VII 

 

DEDICATÓRIA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Deus, aos meus orientadores, a meu pai (in memorian)  
e a todos os meus familiares. 

 
 
 
 



 

 

VIII 

 

AGRADECIMENTOS 
 

A Raimundo Fernandes de Araújo Júnior, pela dedicação a este trabalho, pela 

compreensão nos momentos de dificuldades, pelos ensinamentos, por servir de 

exemplo pessoal e profissional, e sobretudo, por sua amizade inestimável. 

A Aurigena Antunes de Araújo, especialmente pelo acolhimento fraternal na base 

de pesquisa e por sua dedicação incansável ao desenvolvimento deste trabalho, 

pelo incentivo, e principalmente pela confiança depositada e transmitida. 

A Venício Ribeiro de Souza (in memoriam), principal incentivador do meu 

desenvolvimento acadêmico e profissional.  

A Neide de Oliveira Souza, Tamara Oliveira Souza e Taliane Oliveira Souza, 

simplesmente por sua existência e por sua compreensão nos momentos de ausência 

do convívio familiar. 

A Amanda de Azevedo Borges, pelo incentivo e confiança, e por sua inestimável 

ajuda durante a confecção desta tese, incluindo os momentos de estresse com a sua 

formatação, assim como pela paciência durante toda a execução da mesma. 

A Hugo de Almeida Varela, por sua ajuda na construção desta tese, e pela 

amizade e bom humor em nossa convivência em disciplinas e laboratório. 

A Ana Luiza Cabral, pela amizade e companheirismo, durante as disciplinas e 

demais atividades relacionadas à confecção desta tese. 

A Lorena de Souza Araújo, por toda a contribuição realizada durante os 

experimentos laboratoriais desta pesquisa.  

Á Dona Neida, da Base de Pesquisa em Farmacologia, pela inestimável e 

incansável contribuição durante os experimentos laboratoriais para a confecção 

deste trabalho. 

A Lourdinha, do Departamento de Morfologia da UFRN, pela contribuição durante 

os ensaios histoquímicos e imunohistoquímicos. 



 

 

IX 

 

A todos os componenentes do Laboratório de Patologia Oral do Departamento de 

Odontologia da UFRN, pelo auxílio nas análises imunohistoquímicas. 

À Pró-Reitoria de Pós-Graduação da UFRN. 

A todos os componenentes do Laboratório de Inflamação e Câncer (Lafica) da 

Universidade Federal do Ceará – UFC, especialmente à Karoline Sabóia Aragão.  

A todos os colegas alunos do laboratório de Farmacologia e Morfologia da UFRN.  

E a todos que direta e indiretamente contribuíram para a confecção desta tese. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

X 

 

RESUMO 

A periodontite é uma doença crônica inflamatória mediada por marcadores 

inflamatórios, tais como as citocinas: IL-1β, IL-10 e TNF-α, que provoca a destruição 

dos tecidos gengivais e osso alveolar, causando perda de inserção dentária e posterior 

perda dental. A perda óssea é causada pela ativação de prostaglandinas oriundas do 

ácido araquidônico, através da ação da enzima ciclooxigenase 2 (COX-2), promovendo 

a liberação de enzimas proteolíticas, as metaloproteinases de matriz, principalmente as 

MMP-2 e MMP-9, que promovem reabsorção óssea. Além disso, ocorre desequilíbrio 

entre a ação de RANKL e OPG, havendo uma maior ativação de RANKL, e por 

consequência maior ativação de osteoclastos e maior reabsorção óssea. Mediadores 

inflamatórios e espécies reativas de oxigênio (EROS) produzidos localmente possuem 

potencial para disseminar na corrente sanguínea e iniciar ou exacerbar doenças 

sistêmicas como as cardiovasculares. O tratamento atual para a doença consiste em 

terapêutica local, mas a necessidade de estudos sobre fármacos de atuação sistêmica 

culminou nesta pesquisa, que realizou a avaliação dos fármacos: atorvastatin, 

carvedilol, olmesartan e telmisartan, quanto a sua ação anti-inflamatória sobre a 

doença periodontal induzida por ligadura de dentes segundos molares esquerdos em 

ratos Wistar. Os animais foram divididos em 5 grupos, para cada fármaco, 

separadamente: (NL) grupo não ligado, (L) grupo ligado sem tratamento, (1mg/Kg) 

grupo ligado que recebeu dose de 1mg/Kg de fármaco, (5 ou 6 mg/Kg) grupo ligado 

que recebeu dose de 5 ou 6 mg/Kg de fármaco, (10 mg/Kg) grupo ligado que recebeu 

dose de 10mg/Kg de fármaco. Foram realizadas avaliações: histopatológica, perda 

óssea alveolar, imuno-histoquímica (para COX-2, MMP-2, MMP-9, RANK-L, RANK e 

OPG), e ELISA (para mieloperoxidase, glutationa, malonaldeído e as citocinas: IL-1β, 

IL-10 e TNF-α). Os grupos tratados com olmesartana a 6 mg/Kg, e atorvastatin, 

carvedilol e telmisartan a 10mg/Kg, mostraram diminuição da perda óssea, redução de: 

MPO, MDA, IL-1β, TNF-α, MMP-2, MMP-9, COX-2, RANKL/RANK, e aumento na 

expressão da OPG e da IL-10.  

 

Palavras-chave: anti-hipertensivos, estatinas, estresse oxidativo, inflamação, 
mediadores inflamatórios, periodontite. 
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1. INTRODUÇÃO  

A Periodontite é uma inflamação crônica do periodonto, que envolve 

interações entre produtos bacterianos, mediadores e células inflamatórias. A 

doença inicia através da deposição de um biofilme microbiano (placa dental) 

na superfície dos dentes, de onde são liberadas substâncias como 

lipopolissacarídeos, antígenos e outros fatores de virulência bacterianos, que 

atingem o tecido gengival e iniciam uma resposta inflamatória e imune, 

promovendo a ativação das células de defesa do hospedeiro.27 

A resposta inflamatória é mediada por mastócitos, linfócitos T e B, 

neutrófilos, monócitos/macrófagos, células residentes gengivais, e leucócitos 

polimorfonucleares (PMN)10. Estes liberam espécies reativas de oxigênio 

(EROS) como parte da resposta imune contra o ataque microbiano18.  

O estresse oxidativo, condição na qual o balanço entre a produção e 

inativação de espécies reativas de oxigênio (EROS) é interrompida, participa 

do processo inflamatório da periodontite. Os EROS produzidos localmente 

por neutrófilos infiltrantes contribuem para a destruição do tecido periodontal. 

O desequilíbrio entre a atividade oxidante/antioxidante no interior da 

cavidade oral influencia adversamente o status da oxidação sistêmica, o que 

é refletido pelo aumento dos níveis séricos de metabólitos EROS e pela 

redução de antioxidantes17. A produção excessiva de EROS desempenha 

um papel importante na patogênese da periodontite, por causar dano 

tecidual devido à oxidação de: DNA, proteínas e lipídeos (Sağlam et al, 

2015). Além disso, os EROS são capazes de induzir a destruição do tecido 

periodontal por serem mediadores intracelulares para a diferenciação dos 

osteoclastos, através da ativação do ligante do receptor do fator nuclear 

kapa B (RANKL), promovendo a reabsorção óssea18. Por sua vez, 

mastócitos liberam aminas vasoativas e o Fator de necrose tumoral alfa 

(TNF-α), o que aumenta a permeabilidade vascular e a expressão de 

moléculas de adesão como: a molécula intercelular de adesão 1 (ICAM-1) e 
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a P-selectina sobre as superfícies das células endoteliais. Este processo 

recruta leucócitos polimorfonucleares (PMN) para o interior do tecido, que 

liberam enzimas lisossômicas, contribuindo para a degradação tecidual. Em 

resposta, linfócitos e macrófagos invadem o tecido15. 

Sem a resolução da inflamação aguda, os antígenos bacterianos 

eventualmente encontram células apresentadoras de antígenos, tais como: 

células dendríticas, macrófagos e linfócitos B. E quando células auxiliares T 

CD4+ (Th0) interagem com células apresentadoras de antígenos, 

diferenciam-se em vários subconjuntos de células, incluindo: Th1, Th2, Th17 

e células T reguladoras (Treg). Células Th1 conduzem a resposta imune 

mediada por células e produzem: Interferon-γ (IFN-γ), Fator de 

transformação do crescimento-β (TGF-β), Interleucina-2 (IL-2) e TNF-α, na 

presença da IL-12. Células Th2 mediam a resposta imune humoral e 

produzem as citocinas: IL-4, IL-5, IL-6, IL-10, IL-13 e TGF-β, na presença de 

IL-4. O subconjunto de células TH17 secreta: IL-6, IL-17, IL-22, IL-23, e 

TNFα na presença de TGF-β, IL-1β e IL-6. As células T reguladoras (Tregs) 

surgem na presença de TGF-β e secretam as citocinas imunossupressoras 

IL-10 e TGF-β. A IL-17 estimula a produção de diversos mediadores 

inflamatórios, incluindo: o TNFα, a prostaglandina E2 (PGE2), IL-6 e IL-1β, 

mediando a reabsorção óssea através da ativação de osteoclastos27. 

A IL-1 e TNF induzem: IL-6, IL-8, metaloproteinases de matriz (MMPs) e a 

prostaglandina E2 (PGE2), estimulando a reabsorção óssea através do 

aumento da formação de osteoclastos, e adicionalmente, a IL-1 também 

media o efeito osteoclastogênico do TNF, através do aumento da expressão 

de RANKL e da diferenciação de osteoclastos precursores27. 

A PGE2, que resulta da ação da enzima cicloxigenase 2 (COX-2) sobre o 

ácido araquidônico,  é a mais importante na patogênese da periodontite, por 

estimular mediadores inflamatórios e metaloproteinases de matriz (MMPs), 

supra regular a expressão de RANKL e inibir a expressão de OPG 

(osteoprotegerina) nas células osteoblásticas5.  
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As metaloproteinases de matriz (MMPs) e os inibidores teciduais de 

metaloproteinases (TIMPs) regulam a homeostase da matriz óssea, mas em 

processos inflamatórios atuam na destruição tecidual. O aumento da 

expressão das MMPs está associada à condições patológicas como a 

periodontite27. 

Além da invasão de células inflamatórias, células residentes gengivais 

podem também afetar a progressão e persistência da periodontite. No tecido 

conjuntivo gengival, as mais ubíquas células residentes são os fibroblastos. 

Ao produzir mediadores inflamatórios como: citocinas, quimiocinas, enzimas 

proteolíticas e prostaglandinas, participam da resposta inflamatória e 

contribuem para a persistência da doença3. 

Mediadores inflamatórios como: citocinas, quimiocinas, metabólitos do 

ácido araquidônico e enzimas proteolíticas, contribuem coletivamente para a 

destruição do tecido conjuntivo e do osso alveolar, resultando em 

reabsorção óssea e redução do suporte dental, o que é percebido 

clinicamente como uma perda de inserção dentária (Yucel-Lindberg e Båge, 

2013), já que a periodontite afeta a estrutura óssea e o ligamento 

periodontal, sendo caracterizada por sangramento, edema e aumento do 

fluido crevicular (líquido encontrado no sulco gengival)10,17. 

As bactérias periodontais possuem fatores de virulência, que induzem as 

células à produzirem mediadores inflamatórios localmente, que podem 

adentrar a corrente sanguínea e disseminar sistemicamente, 

desempenhando um impacto mensurável na inflamação sistêmica. A 

evidência epidemiológica da ligação entre a doença periodontal e a 

progressão de doenças sistêmicas como: doença cardiovascular, problemas 

na gestação, e diabetes mellitus, está associada à bacteremia e níveis 

sistêmicos elevados de vários marcadores da inflamação periodontal25. 

A relação entre a periodontite e a ateroesclerose pode ser prevista com 

base nos mecanismos inflamatórios iniciados por bactérias associadas à 

lesões periodontais, que influenciam o início ou a propagação da lesão 
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ateroesclerótica, através da produção local e sistêmica de citocinas e 

agentes quimiotáticos que causam mudanças no endotélio e a supra-

regulação da adesão molecular. Essas mudanças promovem interações com 

leucócitos/monócitos, que promovem a migração leucocitária para a camada 

íntima arterial. Nesta, a presença de colesterol LDL associado a macrófagos 

e células dendríticas pode iniciar e propagar a resposta inflamatória. A 

supra-regulação do endotélio promove adicionalmente a liberação de 

citocinas quimiotáticas como a Proteína Quimiotática de Monócitos 1 (MCP-

1), que adicionalmente atrai monócitos ou outras células que podem 

transportar bactérias para o interior da lesão20.  

Além disso, o estresse oxidativo está implicado no desenvolvimento da 

hipertensão, já que os ROS podem ser considerados como mediadores da 

vasoconstrição e inflamação vascular. E dados experimentais têm sugerido 

que a peroxidação lipídica aórtica devido à periodontite induzida, pode 

funcionar como gatilho da aterosclerose precoce17. 

A terapia periodontal tradicional tem foco na diminuição do desafio 

microbiano e remoção de biofilmes bacterianos formados na superfície dos 

dentes e tecidos moles adjacentes. Um número crescente de estudos tem 

indicado um forte potencial para drogas adjuvantes moduladoras da resposta 

do hospedeiro como novas estratégias terapêuticas no tratamento da 

doença periodontal20. Nesse contexto, vários agentes moduladores têm sido 

investigados como potenciais agentes terapêuticos para a doença 

periodontal, incluindo as anti-proteinases, fármacos anti-inflamatórios e 

fármacos osso poupadores10. 

Um grupo que merece destaque são os anti-hipertensivos inibidores de 

Angiotensina II, cuja ação é correlacionada com atividade anti-inflamatória e 

anti-aterosclerótica. É essencial determinar o efeito dos ARBs (Bloqueadores 

do Receptor da Angiotensina II) sobre a progressão da periodontite22. Dentre 

estes anti-hipertensivos, o Telmisartan mostra características peculiares que 

vão além do controle da pressão arterial. O Telmisartan tem sido apontado 
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como um agente anti-inflamatório que suprime o fator de necrose tumoral 

(TNF-α) induzido pelo fator de ativação nuclear (NF-Kb) em células 

endoteliais vasculares, além de reduzir a IL-123.  

Embora o Telmisartan possua o potencial de interferir na 

cascata da reação inflamatória, a relação dose-resposta 

em modelos animais de inflamação e estudo comparativo com 

outros agentes anti-inflamatórios não é clara o suficiente para estabelecer 

a dose necessária para este efeito. Deve ser investigada a sua potencial 

capacidade de tratamento para condições inflamatórias crônicas em seres 

humanos1. 

O Carvedilol, bloqueador beta adrenérgico de 3ª geração, é um 

antioxidante potente, com atividade dez vezes maior que a da vitamina E, 

possuindo duas propriedades antioxidantes distintas. É um sequestrador de 

espécies reativas de oxigênio (EROS), podendo suprimir sua biossíntese, e 

é extremamente lipofílico e capaz de proteger as membranas celulares da 

lipoperoxidação. Previne a oxidação das lipoproteínas de baixa densidade 

(LDL) que induz a captação do LDL nos vasos coronarianos, inibindo 

também: a liberação de ROS mediada pela contratilidade miocárdica, a 

hipertrofia induzida por estresse, a apoptose, e o acúmulo e ativação de 

neutrófilos9. 

O Olmesartan é um antagonista seletivo do receptor de angiotensina II, 

subtipo AT1, que apresenta capacidade de redução de marcadores 

inflamatórios como: a proteína C reativa, o TNF-α, a IL-6, e a proteína 

quimiotática do monócito-14. 

Da família das estatinas, o Atorvastatin, é um inibidor da 

hipercoleresterolemia. Adicionalmente, estudos demonstraram sua 

capacidade antiinflamatória, através da diminuição: dos níveis de citocinas 

próinflamatórias (TNF, IL-1 e IL-6), da expressão de COX-2, da IL-10, de 

metaloproteinases, da osteoclastogênese, da destruição óssea e de 

RANKL2. 
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2. JUSTIFICATIVA  

 

A periodontite é um grave problema de saúde pública mundial, porque é 

comum, reduz a qualidade de vida, reduz a função mastigatória, prejudica a 

estética, provoca perda dental e edentulismo, tem um impacto sobre a 

escalada de custos odontológicos, além de ser uma doença crônica local 

com possível impacto sistêmico, constituindo um fator de risco significante 

para diversas doenças sistêmicas24.  

A crescente investigação científica mundial sobre a associação da 

periodontite ao estabelecimento ou agravo de doenças sistêmicas como: 

doenças cardiovasculares e hipertensão, diabetes tipo II e parto prematuro, 

despertou nosso grupo de pesquisa em Morfologia e Farmacologia, para a 

pesquisa sobre fármacos, já disponibilizados no mercado, que 

apresentassem ações farmacológicas sobre doenças cardiovasculares, e 

sobre mediadores inflamatórios expressos pela periodontite que atingem 

níveis sistêmicos. 

Pressupondo-se a ação anti-inflamatória e antioxidante dos fármacos 

atrovastatin, carvedilol, olmesartan e telmisartan, buscou-se avaliar as suas 

atuações em modelo de doença periodontal experimental induzida em ratos 

Wistar, através da utilização de quatro dosagens distintas para cada 

fármaco. 

Os resultados desta pesquisa proporcionam a ampliação de 

conhecimentos sobre uma doença de alta prevalência, e contribuem 

substancialmente para o remanejamento do tratamento destinado 

atualmente para a periodontite, já que pressupõe que o tratamento não deve 

ser realizado apenas localmente. Além de apontar para ações combinadas 

de um mesmo fármaco, tanto na atuação sobre marcadores sistêmicos da 

inflamação, como na atuação sobre desordens cardiovasculares.  
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3. OBJETIVOS E METAS  

 

3.1 GERAL 
 

 Avaliar a capacidade anti-inflamatória dos anti-hipertensivos: 

Atorvastatin, Carvedilol, Olmesartan e Telmisartan, sobre o tecido 

periodontal de ratos com periodontite induzida por ligadura. 

 

3.2 ESPECÍFICOS 
 

 Realizar avaliação histopatológica do tecido periodontal dos elementos 

dentários induzidos à inflamação, antes e após tratamento medicamentoso. 

 

 Realizar avaliação morfométrica da perda óssea alveolar dos elementos 

dentários induzidos à inflamação, antes e após tratamento medicamentoso. 

 

 Avaliar os níveis imunobioquímicos de: IL-1 (Interleucina 1), IL-10 

(Interleucina 10), Mieloperoxidase (MPO), TNF-α (Fator de Necrose 

Tumoral-alfa), glutationa (GSH), maloniladeído (MDA), e dosagem de 

gupamentos sulfidrila; encontrados nos tecidos animais e relacioná-los com 

a atividade anti-inflamatória e anti-oxidante dos anti-hipertensivos, 

Telmisartan, Carvedilol, e Olmesartan, e da estatina Atorvastatin. 

 

 Avaliar a expressão imunohistoquimica de: COX-2 (Ciclo-Oxigenase-2), 

MMP-2 (Metaloproteínase de Matriz 2), MMP-9 (Metaloproteínase de Matriz 

9), RANKL (Ligante do Receptor do Fator Nuclear Kapa B), RANK (Ativador 
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do Receptor do Fator Nuclear Kapa B), OPG (Osteoprotegrina),  
encontrados nos tecidos periodontais e relacioná-los com a atividade anti-

inflamatória dos anti-hipertensivos: Telmisartan, Carvedilol, e Olmesartan, e 

da estatina Atorvastatin. 
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4. MÉTODOS 

 

4.1 DESENHO DO ESTUDO  

Realizou-se um ensaio pré-clínico, in vivo, randomizado, controlado por 

placebo. 

 

4.2 PRINCÍPIOS ÉTICOS 

Os métodos utilizados nesta investigação foram aprovados pela 

Comissão de Ética no uso de Animais (CEUA) da Universidade Federal do Rio 

Grande Norte (UFRN) (Número de aprovação: 028/2012), que segue a Diretriz 

Brasileira para o Cuidado e a Utilização de Animais para fins Científicos e 

Didáticos – DBCA do Conselho Nacional de Controle de Experimentação 

Animal – CONCEA, do Ministério da Ciência, Tecnologia e Inovação. 

 

4.3. ANIMAIS 

Os experimentos da pesquisa foram realizados a partir da utilização de 

cento e quarenta ratos Wistar (Rattus norvegicus) machos, apresentando peso 

corporal entre 180 e 250 g, provenientes do Biotério do Centro de Biociências 

da UFRN. Os animais permaneceram em gaiolas apropriadas e passaram por 

processo de aclimatação e ganho de peso por aproximadamente uma semana 

antes do início dos experimentos. Os mesmos permaneceram em condições 

ambientais controladas de temperatura e umidade, em ciclos de 12 h em 

ambiente claro, e 12 horas em ambiente escuro (iluminação à partir das seis 

horas da manhã), à temperatura de 22±2°C. Todos receberam água e 

alimentação ad libitum e permaneceram nas mesmas condições ambientais 

durante os experimentos. 
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Foram empregados todos os esforços para minimizar o número de 

animais utilizados e o seu grau de estresse.  

 

4.4 MODELO DE DOENÇA PERIODONTAL EXPERIMENTAL (DPE) 

Os dentes molares dos ratos possuem estrutura semelhante a dos 

humanos, permitindo a utilização desses animais em pesquisas que promovam 

a indução da doença periodontal, pois com o estabelecimento da doença, os 

elementos dentários dos animais apresentam as principais alterações 

observadas em humanos16. 

A periodontite foi induzida nos animais após anestesia, realizada através 

da administração de cetamina (70 mg/kg administrada via intraperitoneal -i.p.), 

10% Quetamina, Vetnil, SP) e xilazina (10 mg / kg, administradas via 

intraperitoneal -i.p., 2% Calmium, SP). Utilizou-se fio de sutura de náilon estéril 

agulhado – agulha triangular (3-0; Polysuture, NP45330, São Paulo), sendo 

feita a ligadura ao redor do colo do segundo molar superior esquerdo. Durante 

o procedimento o nó cirúrgico foi posicionado para a face vestibular dos 

elementos dentários. 

A ligadura teve por intuito facilitar e promover a deposição de biofilme 

bacteriano para induzir processo inflamatório nas estruturas periodontais. 

Após onze dias da realização da ligadura, os animais foram sacrificados 

através da administração de 20 mg/kg de tiopental (0,5 g Thiopentax, Cristália, 

SP). O período de onze dias corresponde à ocorrência de destruição do tecido 

periodontal e do cemento16. 

Alguns animais foram sacrificados após o terceiro dia de 

estabelecimento da ligadura com fio de náilon, para que pudesesse ser 

realizado o ensaio para mieloperoxidase. 
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4.5 TRATAMENTO MEDICAMENTOSO 

Para a realização do tratamento dos animais, os fármacos utilizados nesta 

pesquisa: atorvastatian, carvedilol, olmesartan e telmisartan, foram 

solubilizados em água destilada, que serviu como veículo, para possibilitar a 

realização da gavagem nos animais. Todos os tratamentos (fármacos ou 

veículo) foram administrados oralmente uma (1) hora antes da ligadura 

(indução de DPE) e posteriormente, uma vez por dia durante 10 dias. 

As doses foram administradas como descrito abaixo, para cada fármaco: 

 Atorvastatin: 1mg/Kg, 5mg/Kg, 10mg/Kg 

 Carvedilol: 1mg/Kg, 5mg/Kg, 10mg/Kg 

 Olmesartan: 1mg/Kg, 6mg/Kg, 10mg/Kg 

 Telmisartan: 1mg/Kg, 5mg/Kg, 10mg/Kg 

As doses foram estabelecidas mediante estudos prévios realizados na 

Base de Pesquisa em Morfologia e Farmacologia da UFRN. 

 

4.6 GRUPOS EXPERIMENTAIS 

Os animais foram distribuídos aleatoriamente nos seguintes cinco 

grupos contendo dez animais, para todos os fármacos:  

 (NL) um grupo não ligado para cada fármaco testado, que recebeu 

somente água, e gavagem diária utilizando o veículo usado para 

dissolver as drogas (água destilada).   

 (L) um grupo ligado para ser associado a cada fármaco, que 

recebeu somente água. Não recebeu tratamento farmacológico. 

Recebeu apenas administrações diárias de água destilada por 

gavagem.  
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 (1 mg / Kg) um grupo desta dose para cada fármaco. Formado por 

animais que receberam ligadura, e foram tratados com uma dose 

diária de 1 mg/kg, tendo-se então os seguintes grupos: 

ATORVAST1mg/Kg, CARVE1mg/Kg, OLME1mg/Kg, TELM1mg/Kg. 

 (5 mg/Kg) um grupo desta dose para cada fármaco. Formado por 

animais que receberam ligadura, e foram tratados com uma dose 

diária de 5 mg/kg de fármaco, a exceção da Olmesartan cujo grupo 

foi de 6mg/Kg, tendo-se então os seguintes grupos: 

ATORVAST5mg/Kg, CARVE5mg/Kg;OLME 6mg/Kg, TELM5mg/Kg. 

 (10 mg/Kg) um grupo desta dose para cada fármaco. Formado por 

animais que receberam ligadura, e foram tratados com uma dose 

diária de 10 mg/kg de fármaco, tendo-se então os seguintes 

grupos: ATORVAST10mg/Kg, CARVE10mg/Kg, OLME 10mg/Kg, 

TELM10mg/Kg. 

 Figura 1.  Distribuição em grupos dos animais utilizados no estudo. 
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4.7 LOCAL DE REALIZAÇÃO DOS PROCEDIMENTOS 
EXPERIMENTAIS. 

Os procedimentos de preparo e manipulação dos animais, assim como a 

coleta de materiais orgânicos para compor as amostras teciduais, e os 

diferentes tipos de análise sobre toxicidade dos fármacos utilizados na 

pesquisa foram realizados nos laboratórios do Departamento de Biofísica e 

Farmacologia do Centro de Biociências da UFRN.  

Os procedimentos de análise histopatológica das amostras teciduais, e 

imuno-histoquímica para: COX-2, MMP-2, MMP-9, RANK-L, RANK e OPG, 

foram realizados nos laboratórios do Departamento de Morfologia do Centro de 

Biociências da UFRN. 

Os procedimentos de determinação das concentrações de malonaldeído 

(MDA), e os ensaios para: mieloperoxidase (MPO), Glutationa (GSH), IL-1β, IL-

10 e TNF-α, foram realizados no Laboratório de Farmacologia da Inflamação e 

do Câncer (LAFICA) da Universidade Federal do Ceará-UFC.  

 

4.8 ANÁLISE MORFOMÉTRICA E MACROSCÓPICA DA PERDA 
ÓSSEO ALVEOLAR 

Após a eutanásia dos animais a maxila e a mandíbula foram removidas 

e separadas em duas hemi-maxilas, que foram fixadas em formol a 10% por no 

mínimo 24 horas. Em seguida, todo tecido mole aderido ao tecido duro foi 

cuidadosamente removido, e este último foi imerso em azul de metileno a 1%, 

por 5 minutos, no intuito de diferenciar a estrutura óssea da dental, para 

macroscopicamente investigar a presença ou não de reabsorção óssea e 

exposição das raízes dos elementos dentários.  Para a quantificação da 

reabsorção óssea, as duas hemiarcadas (maxilar e mandibular) foram 

acomodadas com massa de modelar em lâminas. Em seguida imagens foram 

capturadas com auxilio de uma Lupa Olympus SC30 (Olympus Corporation, 

Tokyo, Japan), com aumento de 4 vezes, com a face oclusal dos dentes 
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posicionadas perpendicularmente à lupa.  As imagens foram armazenadas em 

arquivos com extensão JPG com resolução de 300 dpi, recebendo então um 

código aleatório, de modo que quando fosse realizada a medição o examinador 

não soubesse a que grupo a amostra pertencia.  Com o auxílio do programa 

Analysis get IT 5.1(Olympus Corporation, Tokyo, Japan) foi realizada a 

medição da altura compreendida entre a junção amelo-cementária (JAC) e as 

cristas ósseas alveolares.  As medidas foram feitas em sete pontos diferentes 

nas faces vestibulares dos três dentes molares: três no primeiro molar, visto 

que esse dente possui três raízes, denominadas mesial (m1), média (md) e 

distal (d1); dois pontos no segundo (m2 e d2) e terceiro (m3 e d3) molares, 

respectivamente (CRAWFORD, 1978).  As diferenças ou variações (∆) foram 

obtidas a partir das medidas das hemiarcadas com doença periodontal 

experimentalmente induzida (lado esquerdo), subtraídas daquelas realizadas 

nas hemiarcadas contralaterais (controle-lado direito)19. A soma das sete 

variações corresponde ao índice de perda óssea (IPO), expresso em 

milímetros (mm) conforme apresentado na Figura 2 7.  
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Figura 2.  Obtenção do Índice de Perda Óssea (IPO). A: Visualização de tecido 
dentário e ósseo em aumento de 4x.  B: Medida em sete pontos distintos, entre 
o nível de reabsorção óssea alveolar e a junção amelo-cementária.  C: Cálculo 
das medidas em milímetros.  O índice é calculado a partir do somatório das 
diferenças encontradas entre o lado esquerdo e direito de cada animal. IPO 
(mm) = (∆m1+∆md+∆d1)+(∆m2+∆d2)+(∆m3+∆d3) (Adaptado de Varela, 
2015)26. 

 

4.9 ANÁLISES HISTOPATOLÓGICAS 

Espécimes de osso alveolar dos elementos dentários ligados foram 

colhidos, fixados em formol 10% durante 24 horas, e desmineralizados em 

ácido nítrico a 5%, durante 5 dias, realizando substituição diária do ácido. Após 

esses tratamentos, os espécimes foram desidratados, incluídos em parafina e 

seccionados ao longo dos molares em um plano mesio-distal para a coloração 

com hematoxilina-eosina. Secções de quatro (4) mícrons de espessura, o que 

corresponde aproximadamente à área entre os primeiros e segundos molares 

após a colocação da ligadura, foram avaliadas por microscopia de luz (40 x de 

ampliação).  

Parâmetros como o influxo de células inflamatórias e da integridade do 

osso alveolar e do cemento foram analisados por um histologista de forma 

simples cego e foram classificados da seguinte forma, de acordo com os 

escores padronizados pelo Laboratório de Farmacologia da Inflamação e 

Câncer da Universidade Federal do Ceará – UFC13: 

 0 - indica que a infiltração de células inflamatórias está ausente ou 

é escassa e está restrita à região da gengiva marginal, e que o 

processo alveolar e cemento estão preservados;  

 1 - indica infiltração moderada celular (infiltração inflamatória 

celular presente em toda a inserção gengival), menor reabsorção 

alveolar, cemento e processo alveolar intactos;  
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 2 - indica acentuada infiltração inflamatória celular presente na 

gengiva e no ligamento periodontal, a degradação acentuada do 

processo alveolar e destruição parcial do cemento;  

 3 - indica acentuada infiltração celular, a reabsorção completa do 

processo alveolar e grave destruição do cemento. 

 

4.10. ANÁLISE IMUNO-HISTOQUÍMICA DE COX-2, MMP-2, MMP-9, 
RANK-L, RANK E OPG. 

Secções de tecidos periodontais (4 µm) foram obtidas com um 

micrótomo e transferidas a posteriore para lâminas revestidas com gelatina. 

Depois cada secção de tecido foi então removida da parafina e reidratada. Os 

cortes de tecidos gengivais e periodontais foram lavadas com 0,3% de Triton X-

100 em tampão de fosfato, e peroxidase endógena (3% de peróxido de 

hidrogênio), e foram incubadas com os seguintes anticorpos primários 

(adquiridos da Santa Cruz Biotechnology) durante a noite a 4°C: ciclo-

oxigenase-2 (COX-2), 1:400; metaloproteinase de matriz 2 (MMP-2), 1:400; 

MMP-9, 1:400; ativador do receptor do ligante NF-kB (RANK-L), 1:400; ativador 

do receptor de NF-kB (RANK), 1:400; osteoprotegerina (OPG), 1:400. 

Posteriormente, os cortes foram lavados com tampão fosfato, incubados com 

anticorpos secundários estrepto-avidina conjugada com HRP secundário 

(Biocare Médico, Concord, CA, EUA) durante 30 minutos. A imunorreatividade 

para a COX-2, MMP-2, MMP-9, RANK, RANK-L, e OPG foi visualizada 

utilizando um kit de detecção colorimétrico, seguindo o protocolo fornecido pelo 

fabricante (TrekAvidin-HRP etiqueta + kit de Biocare Médico, DAKO, EUA).  

 

4.11 ENSAIO PARA MIELOPEROXIDASE (MPO)  

A extensão do acúmulo de neutrófilos nas amostras gengivais foi medida 

pela avaliação da dosagem de mieloperoxidase (MPO). A enzima 
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mieloperoxidase, tem papel fundamental na produção de espécies reativas de 

oxigênio (EROS)8. Amostras gengivais foram recolhidas como descrito acima e 

armazenados a -70°C até serem utilizadas durante o ensaio. Após a 

homogeneização tecidual e centrifugação (2000 x durante 20 min a 4° C), a 

atividade da MPO nas amostras foi determinada por um método colorimétrico 

descrito anteriormente22. Os resultados foram registrados como unidades de 

MPO por miligrama de tecido. 

Também se utilizou a gengiva da região de molares superiores para a 

dosagem de MPO.  As amostras de tecido foram homogeneizadas em tampão 

de brometo de hexadecil-metil-amônio (HTAB).  Neste momento as amostras 

foram congeladas.  Em seguida, tampão HTAB foi adicionado a fim de compor 

400µl de tampão para 15mg de tecido. Realizou-se nova homogeneização.  

Então, centrifugou-se as amostras a 4.500 rpm por 12 minutos.  Terminada a 

centrifugação, 0,1ml do sobrenadante foi removido e a este foi adicionado 2ml 

da solução de o-dianisidina, tampão fosfato de sódio, peróxido de hidrogênio e 

água destilada.  Esta mistura foi colocada em um espectrofotômetro a fim de 

medir a absorbância em 460nm nos tempos: 0, 30 segundos, 78 segundos e 5 

minutos.  Considerando que uma unidade de MPO equivale a uma mudança na 

absorbância de 1,13x10-2 nm, com os tempos acima descritos, foi feito uma 

curva e foi escolhido o tempo de 1 minuto como o mais representativo do 

evento. 

 

4.12 CONCENTRAÇÕES DE MALONALDEÍDO (MDA) 

Para avaliar a peroxidação lipídica, a produção de malonaldeído (MDA) 

foi mensurada, através de uma reação do ácido tiobarbitúrico no tecido 

gengival dos ratos utilizados na pesquisa. Homogeneizado de tecido gengival 

(0,25 ml de tecido a 10% preparado em KCl 0,15 M) foi adicionado a uma 

solução de ácido tiobarbitúrico (1,5 ml de H3PO4 a 1% e 500 ml de uma 

solução aquosa de ácido tiobarbitúrico 0,6%), e a mistura foi colocada em 

banho de água e aquecida durante 45 min a 100°C. A seguir, 2 ml de n-butanol 
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P.A. foi adicionado, e a mistura foi homogeneizada e em seguida centrifugada 

a 12.000 rpm durante 15 min a 4° C. A absorvência da camada de butanol foi 

medida a 520 nm (A1) e 535 nm (A2) (Genesys 10s UV-VIS, THERMA 

Scientific, Inglaterra). A concentração de malonaldeído foi calculada como (A2 - 

A1), expressa como nmol de MDA por grama de tecido gengival. 

 

4.13 ENSAIO PARA GLUTATIONA (GSH) 

Níveis de GSH no tecido gengival servem como um marcador da 

atividade antioxidante. As amostras gengivais foram removidas e armazenadas 

a -70° C até serem necessárias para o ensaio. Homogeneizado de tecido 

gengival (0,25 ml de uma solução de tecido de 5% preparada em EDTA 0,02 

M) foi adicionado a 320 ml de água destilada e 80 ml de 50% de TCA a 50%. 

As amostras foram então centrifugadas a 3.000 rpm durante 15 min a 4°C. O 

sobrenadante (400 ul) foi adicionado a 800 µl de tampão Tris 0,4 M a pH 8,9 e 

20 µl de 0,01 M DTNB (5,59 ditiobis-ácido 2-nitrobenzóico). A absorvância de 

cada amostra foi medida a 420 nm, e os resultados forma registados como 

unidades de GSH por miligrama de tecido. 

 

4.14 ENSAIO PARA IL-1Β, IL-10 E TNF-α 

Amostras gengivais obtidas da região vestibular dos molares superiores 

esquerdos e armazenadas a -70o C desde sua extração foram homogeneizadas 

e processadas. 

Níveis de IL-1β (intervalo de detecção: 62.5–4000 pg/mL; limite mínimo 

de detecção: 12.5 ng/mL recombinante para ratos IL-1β), IL-10 (intervalo de 

detecção: 62.5–4000 pg/mL; limite mínimo: 12.5 ng/mL recombinante para 

ratos IL-10), e TNF-α (intervalo de detecção: 62.5–4000 pg/mL; limite mínimo: 

50 ng/mL recombinante para ratos TNF-α) foram determinados utilizando kits 
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comerciais de ELISA (R&D Systems,Minneapolis, MN, USA), como descrito 

anteriormente12. 

Resumidamente, placas de microtitulação foram revestidas durante a 

noite a 4oC com anticorpos de ratos contra TNF-α, IL-1β e IL-10.  Em seguida 

as placas foram bloqueadas, as amostras e os padrões foram adicionados em 

várias diluições em duplicata e incubadas a 4oC por 24 horas. As placas foram 

lavadas três vezes com tampão e os anticorpos foram adicionados aos poços 

(biotinilado policlonal de ovelha anti-TNF-α, anti-IL-1β, e anti-IL-10, diluídos a 1: 

1000 com tampão de ensaio de BSA a 1%). As placas foram incubadas à 

temperatura ambiente durante 1 hora e lavadas.  Em seguida, 50 mL de avidin-

HRP (1:5000) foi adicionado. O reagente colorimétrico o-fenilenodiamina (50 

mL) foi adicionado 15 minutos depois e as placas foram incubadas no escuro a 

37Co durante 15-20 minutos. A reação enzimática foi interrompida com H2SO4 

e as medidas foram realizadas com absorvância de 490nm. Os valores foram 

expressos em pg/ml. 

 

4.15 EUTANÁSIA DOS ANIMAIS 

Os animais foram eutanasiados com Tiopental sódico na dose de 60 

mg/Kg.  

 

4.16 ANÁLISE ESTATÍSTICA 

Os dados foram apresentados como média + erro padrão da média (SEM) 

ou como medianas, quando apropriado. Análise de variância (ANOVA) seguida 

pelo teste de Bonferroni foi utilizada para calcular a média, e o teste de 

Kruskal-Wallis seguido pelo teste de Dunn foi utilizado para comparar 

medianas (GraphPad PRISM 5,0 Software).  
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5. ARTIGOS PRODUZIDOS 

5.1 O artigo “Atorvastatin decreases bone loss, inflammation and 
oxidative stress in experimental periodontitis” foi publicado no periódico Plos 
One, que possui fator de impacto 3,5340 e Qualis A1 da CAPES para área 
Medicina II. 
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Abstract 

The aim of this study is to determine the effects of Atorvastatin treatment, na inhibitor of, in periodontal 
disease. Male Wistar albino rats were randomly divided into five groups of ten rats each: (1) non-ligated 
treatment (NL), (2) ligature only (L), (3) ligature plus 1 mg/kg Atorvastatin daily for 10 days, (4) ligature plus 
5 mg/kg Atorvastatin daily for 10 days, and (5) ligature plus 10 mg/kg Atorvastatin daily for 10 days. 
Following the treatment course, the periodontal tissue of the animals was analyzed by Measurement of 
alveolar bone loss, Histopathology and immunohistochemistry to determine of the expression of COX-2, 
MMP-2, MMP-9, and RANKL/RANK/OPG. ELISA assay was ud=sed to quantitate the levels of IL-1β, IL-10, 
TNF-α, myeloperoxidase, malonilaldehyde, and glutathione. The periodontal group treated with 10 mg/kg of 
Atorvastatin (3,9 ±0,9 mm; p<0,05) showed reverse the alveolar bone loss caused Experimental 
Periodontal Disease compared to (L) (7,02±0,17 mm). The periodontal group treated with 10 mg/kg of 
Atorvastatin showed a significant reduction in MPO and MDA (p<0,05) compared to ligature only group (L). 
Similarly in this group, the levels of the proinflammatory cytokines IL-1β and TNF-α were significantly 
decreased(p<0,05). Furthermore, MMP-2, MMP-9, RANKL/RANK, and COX-2, were all downregulated by 
Atorvastatin treatment, while OPG expression was increased. The findings support a role of Atorvastatin for 
reducing the bone loss, inflammatory response, oxidative stress, and expression of extracellular matrix 
proteins, while reducing RANK/RANKL and increase OPG in periodontal disease. 
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Atorvastatin is a member of the statin class of statin class of  inhibitors. 

Through the inhibition of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 

reductase, stains have revolutionized the treatment of hypercholesterolemia. 

The beneficial effects of HMG-CoA reductase inhibitors are usually attributes 

to their ability to reduce endogenous cholesterol synthesis. In addition to 

bleeding, statins are responsible for a variety of biochemical alterations, 

including a reduced accumulation of esterified cholesterol in macrophages, 

an increase in endothelial NO synthetase, a reduction of the inflammatory 

process, and an increased stability of atherosclerotic plaques [1]. 

Studies investigating Atorvastatin have shown that its treatment leads to 

significant reductions in the levels of proinflammatory cytokines (TNF, IL-1 

and IL-6) [2]. In another study, Atorvastatin significantly decreased bone 

resorption markers, including levels of serum IL-6 [3]. Atorvastatin also 

decreased COX-2 espression within peripheral blood monocytes in patients 

with acute myocardial infarction [4] and increased IL-10 levels in a dose-

dependent manner [5]. Atorvastatin has also been used to inhibit 

metalloproteinases [6,7], osteoclastogenesis and bone destruction, and the 

expression of the receptor activator of nuclear factor kappa β ligand (RANKL) 

[8]. 

It is yet unknown if Atorvastatin would be a beneficial in a complex tissue 

such as the periodontium. In periodontal disease, increased inflammation 

and bone loss is modulated by the proinflammatory cytokines IL-1, IL-6 and 

TNF-α [9,10]. These inflammatory cytokines further activate the expression of 

metalloproteinases and RANKL, ultimately contributing to periodontal bone 

loss [11]. The aim of the present study was to assess the effects of 

Atorvastatin in the treatment of periodontal disease by measuring levels of 

inflammation, antioxidants, matrix metalloproteinases, and bone markers 

after Atorvastatin treatment of rats with periodontal disease. 

 

Materials and Methods 
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Animals 

Experiments were performed on male Wistar rats (180-220 g) housed in 

standard conditions (12h light/dark cycle and 22±0,1ºC), with ad libitum 

access to standard diet (Presence/Evialis do Brasil Nutrição Animal LTDA, 

São Paulo) and water. The experimental protocol for experimental 

procedures and animal treatment was approved by the Animal Ethics 

Committee (number 28/2012) of the University of Rio Grande do Norte. 

 

Model for experimental periodontitis (EPD) 

 

EPD was induced in rats under anaesthesia induced by ketamine (70 

mg/kg administered i.p., 10% Quetamina, VETNIL, São Paulo) and xylazine 

(10 mg/kg administered i.p., 2% Calmium, São Paulo) by the placement of a 

sterile nylon thread ligature (3-0; Polysuture, NP45330, São Paulo) around 

the cervix of the maxillary left second molar. Eleven days after the initial 

treatment, the animals were euthanized with 20 mg/kg thiopental (0,5 g 

Thiopentax, Cristália, São Paulo). 

 

Drug tratments 

 

For treatments, Atorvastatin (Lipitor 20mg Pfizer, São Paulo, Brazil) was 

solubilized in distilled water (vehicle). All treatments (Atorvastatin or vehicle) 

were given orally by gavage 1h before ligation (induction of EPD) and 

trereafter once daily for 10 days. The animals were assigned randomly to the 

following five groups (10 animals for group): (1) a non-ligated group that 

received water (NL), (2) a ligated group that received water (L), (3) a ligated 

group treated with 1 mg/kg Atorvastatin (1mg/kg Atorvast), (4) a ligated group 
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treated with 5 mg/kg Atorvastatin (5 mg/kg Atorvast), and (5) a ligated group 

treated with 10 mg/kg Atorvastatin (10 mg/kg Atorvast). 

 

Measurement of  alveolar bone loss (ABL) 

 

The excised maxillae were fixed in 10% neutral formalin for 24h. Both 

maxillary halves were then defleshed and stained with aqueous methylene 

blue (1%) to differentiate the bone from the tooth. Measurements of bone 

loss were made along the axis of each root surface of all molar teeth. Three 

recordings were madefor the first molar teeth (three roots each) and two 

recordings for the second and third molar teeth (two roots each). The total 

alveolar bone loss was obtained by taking the sum of the recordings from the 

buccal tooth surfaces and subtracting the values of the right maxilla (un 

ligates control) from the left maxilla, in milimeters [12]. Morphometric analysis 

of the alveolar bone was performed with standardized digital protography 

(OLYMPUS SC30), and the distance (millimeters) was measured with Image 

Software (analysis getIT 5.1). L group was used for baseline comparison. 

 

Histopathological analysis 

 

The immunohistochemical analysis and the histological scores of the 

periodontal tissues were conducted by two calibrated oral pathologists. The 

sectioning was performed in the laboratory of Morphology and Oral 

Pathology and subsequently analyzed by light microscopy in the Department 

of Morphology, UFRN. Alveolar bone specimens were harvested, fixed in 

10% neutral buffered formalin, and demineralized in 5% nitric acid. Following 

these treatments, the specimens were dehydrated, embedded in paraffin, 

and sectioned along the molars in a mesio-distal plane for haematoxylin-
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eosin staining. Sections of 4µm thickness, corresponding to the area 

between the first and second molars where the ligature had been placed, 

were evaluated by light microscopy (40x magnification). Parameters such as 

inflammatory cell influx and the integrity of the alveolar bone and the 

cementum were analysed by a histologist in a single-blind fashion and 

graded as follows: a score of ) indicates that inflammatory cell infiltration is 

absent or sparse and is restricted to the region of the marginal gingiva, and 

that the alveolar process and cementum are preserved; a score of 1 indicates 

moderate cellular infiltration (inflammatory cellular infiltration present on the 

entire gingival insert) minor alveolar process resorption, and an intact 

cementum; a score of 2 indicates accentuated cellular infiltration 

(inflammatory cellular infiltration present in gingiva and in periodontal 

ligament), accentuated degradation of the alveolar process and partial 

destruction of the cementum; and a score of 3 indicates accentuated cellular 

infiltration, complete resorption of the alveolar process, and severe 

destruction of the cementum [13]. 

 

Immunohistochemical analysis of COX-2, MMP-2, MMP-9, RANK-L, RANK 
and OPG 

 

Thin sections of periodontal tissue (4 µm) were obtained with a microtome 

and were transferred to gelatin-coated slides. Each tissue section was then 

deparaffinised and rehydrated. The gingival and periodontal tissues slices 

were washed with 0,3% Triton X-100 in phosphate buffer, were quenched 

with endogenous peroxidase (3% hydrogen peroxide), and were incubated 

with the following primary antibodies ( purchased from Santa Cruz 

Biotechnology) overnight at 4ºC: cyclooxygenase-2 (COX-2), 1:400; matrix 

metalloproteinase MMP-2, 1:400; MMP-9, 1:400; receptor activador of the 

NF-ĸB ligand (RANK-L), 1:400; receptor activador of NF-ĸB (RANK), 1:400; 

osteoprotegerin (OPG), 1:400. After the slices were washed with phosphate 
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buffer, they were incubated with a streptavidin-HRP-conjugated secondary 

antibody (Biocare Medical) for 30 minutes, and immunoreactivity to COX-2, 

MMP-2, MMP-9, RANK, RANK-L, and OPG was visualized using a 

colorimetric-based detection kit following the protocol provided bythe 

manufacturer (TreakAvidin-HRP Label+Kit from Biocare Medical, DAKO, 

USA). 

Myeloperoxidase (MPO) assay 

 

The relative level of neutrophil activity in the gingival samples was 

measured by assaying MPO. Gingival samples were harvested as described 

above and stored at -70ºC until required for the assay. After homogenization 

and centrifugation (2000x g for 20 min), MPO activity in these samples was 

determined by a colorimetric method described previously [14]. The results 

were reported as units of MPO per milligram of tissue. 

 

Malonaldehyde (MDA) Levels 

 

To assess lipid peroxidation, MDA production was measured with a 

thiobarbiturc acid reaction in gingival tissue from rats. Gingival tissue 

homogenate (0.25 ml of 10% tissue prepared in 0.15 M KCl) was added to a 

thiobarbituric acid solution (1.5 ml of 1% H3PO4) and 500 µl of 0.6% 

thiobarbituric acid aqueous solution), and the mixture was placed ina water 

bath and heated for 45 min at 100ºC. Next, 2 ml of n-butanol P.A. was 

added, and the mixture was homogenized and then centrifuged at 12.000 

rpm for 15 min at 4ºC. The absorbance of the butanol layer was measured at 

520 (A1) and 535 nm (A2) (Genesys 10s UV-VIS, THERMA Scientific, 

England). The concentration of malonaldehyde was calculated as (A2– A1), 

expressed as nmol of MDA per gram of gingival tissue. 

 

Glutathione (GSH) Assay 
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GSH levels in gingival tissue were measured as a marker for antioxidant 

activity. The gingival samples were removed and stored at -70ºC until 

required for the assay. Gingival tissue homogenate (0.25 ml of a 5% tissue 

solution prepared in 0.02 M EDTA) was added to 320 µl of distilled water and 

80 µl 50% TCA. The samples were then centrifuged at 3000 rpm for 15 min 

at 4ºC. The supernatant (400 µl) was added to 800 µl 0.4 M Tris buffer at pH 

8.9 and 20 µl of 0.01 M DTNB. The absorbance of each sample was 

measured at 420 nm, and the results were reported as units of MPO per 

miligram of tissue. 

 

IL-1β, IL-10, and TNF-α assay.  

 

The gingival sample tissues were stored at -70ºC until required for each 

assay. The tissue collected was homogenized and processed as described 

by [15]. The levels of IL-1β, Il-10, and TNF-α in the gingival samples were 

determined with an ELISA commercial kit (R&D Systems, EUA) as described 

previously [16]. Briefly, micro titer plates were coated overnight at 4ºC with 

antibodies against mouse TNF-α, IL-1β, and Il-10. After the plates were 

blocked, the samples and standards were added at various dilutions in 

duplicate and incubated at 4ºC for 24 h. The plates were washed three times 

with buffer. The following antibodies were then added to the wells: 

biotinylated sheep polyclonal anti-TNF-α, anti-IL-1β, or anti-IL-10 (diluted 

1:1000 with 1% BSA assay buffer). After further incubation at room 

temperature for 1 h, the plates were washed, and 50 µl of avidin-HRP 

(diluted 1:5000) was added. The color reagent o-phenylenediamine (OPD; 50 

µl) was added 15 min later, and the plates were incubated in the dark at 37ºC 

for 15–20 min. The enzyme reaction was stopped with H2SO4, and 

absorbance was measured at 490 nm. The resulting values were expressed 

in pg/ ml. 

 

Statistical analysis.  
The data are presented as means+standard error of the mean (SEM) or as 
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medians, when appropriate. Analysis of Variance (ANOVA) followed by 

Bonferroni’s test was used to calculate the means, and the Kruskal–Wallis 

test followed by Dunn’s test was used to compare medians (GraphPad 

PRISM 5.0 Software). A P-value of <0.05 was considered to indicate a 

significant difference. 

 

Results 
 
Effect of Atorvastatin treatment on alveolar bone loss in rats with EPD 

 

Rats with EPD (L) showed a significant alveolar bone loss compared to NL 

(NL= 1,4 ±0,07 mm; L= 7,02 ±0,17 mm; p<0,001). It was observed that 

treatment with Atorvastatin 10 mg/kg reverse the alveolar bone loss caused 

by EPD ( Atorv 10 mg/kg 3.9 ±0.9; p<0.05) (Fig.1). 

 
Figure 1. Effect of Atorvastatin treatment on alveolar one loss associated with experimental 
periodontitis disease (EPD) in rats. Values are expressed as means ± SEM (###p<0,001, 
*p<0,05; doi: 10.1371/journal.pone.0075322.g001 
 

These data aer shown in Fig. 2.A, which shows the macroscopic aspects 

of NL group (SO) with no resorption of the alveolar bone when compared to 

the L group (EPD), where severe bone resorption with root exposure is 

observed (Fig. 2B). Fig. 2C shows the macroscopic appearance of 

periodontium subjected to EPD and treated with Atorvastatin 10 mg/kg, 

where decreased bone loss is observed. Rats treated with low levels of 
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Atorvastatin (1mg/kg and 5 mg/kg) had no significant differences in alveolar 

bone loss compared to the L group (L= 7.02 ± 0.17 mm; Atorv 1 mg/kg = 6.9 

± 0.1 mm; Atorv 5 mg/kg = 5.8±0.6 mm; p>0.05), as seen in Figure 1. 

 

 
Figure 2. Clinical characteristics of teeth and periodontal tissue. (A) Samples from the NL 
group, with no resorption of the alveolar bone. (B) Samples from the L group, where severe 
bone resorption with root exposure is observed (Arrows). (C) Samples from the L group treated 
with Atorvastatin 10 mg/kg, where decresead bone resorption is observed (Arrows). Images 
were obtained at an original magnification of1.7x. doi: 10.1371/journal.pone.0075322.g002 
 

Histopathological analysis 

 

Rats with periodontal disease that were treated with a high dose of 

Atorvastatin (10 mg/kg) had significantly less alveolar bone loss then similar 

animals that were treated with a low dose of Atorvastatin (1 mg/kg; p<0.05). 

As seen in Figure 3A, we detected a discrete cellular infiltration (restricted 

within the gingival margin), preserved alveolar process, and cementum in the 

rats with periodontitis that were treated with high dose Atorvastatin for 10 

days. This group also had a reduced level of inflammation and alveolar bone 

loss in their periodontium. 

A histological analysis of the region between the first and second molars 

of control animals was representative of the structure of a normal 

periodontium, in that the gingiva, periodontal ligament, alveolar bone, and 

cementum can all be observed (Figure 3). Conversely, the histopathology of 

the periodontium of untreated animals subjected to experimental periodontitis 

(L) revealed inflammatory cell infiltration coupled with severe cementum and 
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alveolar process destruction (Figure 3B; Table 1) and received a median 

score of 3. Animals with periodontitis that were treated with a high dose of 

Atorvastatin showed reduced inflammatory parameters (Figure 3C) and had 

a median score of 2 (range: 1-2; Table 1). 

 

Figure 3. Microscopic analysis. (A) Normal periodontium and (B) periodontium from a rat 
presenting with periodontitis (treated with saline) showing alveolar bone and cementum 
resorption and inflammatory cell infiltration. (C) Reduced inflammation and alveolar bone lossin 
the periodontium of rats treated with Atorvastatin (10 mg/kg) for 10days. Sectionswere stained 
with H&E. Microscopic original magnification at 40x. Scale bars=100 µm. G=gingiva; 
PL=Periodontal ligament; D=dentim; AB= alveolar bone; C=Cementum; a= increased bone loss 
in AB; b= resorption of cementum; c= inflammatory process in PL and intense destruction of 
collagen fibers in the PL; e= decreased inflammation process in PL and discrete destruction of 
collagen fibers in PL; f= decreased bone loss in AB. doi: 10.1371/journal.pone.0075322.g003 
 
 
Tabela 1. Histological analysis of maxillae from rats presenting with 
periodontal disease, Natal, RN, 2013. 
NL L ATORVAST 

1 mg/kg 
ATORVAST 

5 mg/kg 
ATORVAST 

10 mg/kg 
0 (0-0) 3(3-3)* 3(3-3)* 2(2-3) 2(1-2) 
*p<0,05 
Doi: 10.1371/journal.pone.0075322.t001 
 
Immunohistochemical detection of COX-2, MMP-2, MMP-9, RANK-L, 
RANK, and OPG 
 

The periodontium of untreated rats with experimental periodontitis showed 

marked immune-staining for COX-2, MMP-2, MMP-9, RANK-L, RANK 

(Figures 4B, 4E, 4H, 4K and 4N), compared to normal rats treated with saline 

alone ( Figures 4A, 4D, 4G, 4J, and 4M). Furthermore, the periodontium of 

rats with periodontitis and treated with a high dose of Atorvastatin had even 
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lower levels of COX-2, as well as MMP-2, MMP-9, RANK-L and RANK 

(Figures 4C, 4F, 4I, 4L and 4O). In comparison t control animals, the staining 

for osteoprotegerin (OPG) was moderately increased in the with periodontitis 

(L) and significantly increased in the animals with periodontitis that were 

treated with a high dose of Atorvastatin. 
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Figure 4. Histological analyses of (A-C) MMP-2, (D-F) MMP-9, (G-I) COX-2, (J-L) RANK, (M-
O) RANK-L, and (P-R) OPG in periodontal tissue of rats with periodontal disease. Rats 
subjected to saline are pictured in A, D, G, J, M, P; rats with periodontal disease are pictured in 
B, E, H, K, N, Q; rats with periodontal disease and treated with Atorvastatin (10 mg/kg) are 
pictured in C, F, I, L, O, R. 100x magnification, bar scale = 100 µm.  doi: 
10.1371/journal.pone.0075322.g004 
 

 

 

Reduction of the inflammatory response 
 

The myeloperoxidase (MPO) activity in each group with periodontal 

disease (L) was significantly increased in comparision with the control group 

(NL; p< 0.01).  The group with periodontitis that was treates with the right 

dose of Atorvastatin (10 mg/kg) showed a significant reduction in the 

concentration of MPO (p <0.01; Figure 5). The levels of the proinflammatory 

cytokines IL-1β and TNF-α were also significantly decreased in this group (p 

<0.05; Figure 6). The group treated with 1 mg/kg and 5 mg/kg Atorvastatin 

had the same levels of MPO, IL-1β, and TNF-α compared to the L group (p 

>0.05; Figure 5). 

 

 
Figure 5. Levels of myeloperoxidase (MPO), malonilaldehyde (MDA), and glutathione 
(GSH) in control animals with no ligature (NL), animals with periodontal disease induced 
by a ligature and treated with saline (L), or animals with periodontal disease and treated 
with 1, 5, or 10 mg/kg of Atorvastatin (#;* p<0.05). 
doi: 10.1371/journal.pone.0075322.g005 
 

Reduction of oxidative stress 
 

Compared to saline, treatment with a high dose of Atorvastatin in animals 
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with periodontal disease significantly reduced malonilaldehyde (MDA) activity 

(p<0.001), treatment with 1 mg/kg and 5 mg/kg Atorvastain reduced the 

activity of MDA (p<0.05), while glutathione (GSH) levels were incresead, 

although not statistically different (Figure 5). 

 

 
Figure 6. Levels of IL-1β, IL-10 and TNF-α in normal control animals with no ligature (NL), 
animals with periodontal disease induced by a ligature and treated with saline (L), or 
animals with periodontal disease and treated with 1, 5, or 10 mg/kg of Atorvastatin (#;* 
p<0.05; ** p<0.01;*** p<0.001). 
doi: 10.1371/journal.pone.0075322.g006 
 
 
Discussion 
 

Indeed, the study that was utilized in this study is an animal model where 

periodontitis induced by the intraoral placement of a nylon thread, making it a 

trauma-based periodontal disease model [17]. The initial immune response in 

chronic periodontitis occurs following colonization of the gingival sulcus by 

periodontopathic bacteria. The presence of the bacteria induces the 

production of cytokines and chemokines by the gingival epithelium. This 

results in the expression of adhesion molecules, increased permeability of 

gingival capillaries and chemotaxis of polymorphonuclear neutrophils through 

the junctional epithelium and into the gingival sulcus. The specific cytokines 

and chemokines produced by this initial response lead to perivascular T-

cell/macrophage dominates inflammatory infiltrate in the connective tissues 

[18]. The primary mediators of periodontal inflammation are prostaglandins 

(PG; mainly PGE2) and the cytokines interleukin-1 (IL-1) and tumor necrosis 

factor alpha (TNF-α) [19]. 

A study using an animal model of oral mucositis demonstrated that 
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Atorvastatin significantly reduced TNF- α and IL-1β levels [20]. These same 

findings were observed in a model of rheumatoid arthritis [21]. Int his study, 

using a model of periodontal disease, animals treated with 10 mg/kg of 

Atorvastatin also had reduced levels of TNF-α and IL-1β. Atorvastatin’s anti-

inflammatory  activity is evidenced by the reduced expression of COX-2 (an 

important enzyme selectively induced in inflamed tissue) in the periodontal 

tissue. The observed reduction in myeloperoxidase levels further confirms 

the reduction of leukocyte migration in treates animals. The outcomes relates 

to the activity of Atorvastatin suggest that periodontal disease development 

involves an intricate signaling pathway that encompasses metalloproteinase 

expression and proteins linked to bone activity. Animals treated with 1 mg/kg 

and 5 mg/kg of Atorvastatin did not show reduced bone loss, anti-

inflammatory, and/or antioxidant activity, possibly because the effects of 

Atorvastatin treatment are dose dependant and only observed at 10 mg/kg. 

Matrix metalloproteinases (MMPs) are zinc and calcium dependent 

endopeptidases that function at a neutral pH. Fibrillar collagens are the major 

components of periodontal extracellular matrix and, during pathologic 

conditions, these collagens are further cleaved by active gelatinases (MMP-2 

and MMP-9) [22]. Our results demonstrate that a 10-day treatment of 

Atorvastatin inhibited MMP-2 and MMP-9. This observation is very important 

since both MMP-2 and MMP-9 are strongly expressed during the acute 

phase of periodontitis (7-21 days) [23]. 

Another activity observed in the evolution of periodontal disease is the 

bone remodeling process dependent on a balance between the RANKL and 

OPG [24]. RANKL, a member of the TNFR family, exists in both a soluble 

and a membrane-bound form and its mRNA is expressed by osteoblastic 

lineage cells. RANKL stimulates osteoclasts to differentiate and inhibits their 

apoptosis. Furthermore, it binds to osteoclasts [25]. OPG, on the other hand, 

is a physiological humoral regulator ofosteoclast-mediated bone resorption. 

OPG appears to function as a secreted tumour necrosis factor receptor 

(TNFR)-related protein ans as a regulator of bone density, which can act 

locally and systemically by down-regulating osteoclast maturation [26].   
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In the present study, the reduction of the expression of RANKL in tissue 

after treatment with Atorvastatin, coupled with the strong staining of OPG, in 

tissue. Host-modulatory therapies for periodontitis, including the use of non-

steroidal anti-inflammatory drugs (NSAIDs), have been shown to prevent 

formation of prostaglandins, prostacyclin, and thromboxane, due to blockage 

of cyclooxygenase (COX) enzyme. In periodontal diseases, prostaglandin E2 

has been extensively correlated with inflammation and bone resorption [27]. 

The side effects of NSAIDs, mainly cardiovascular, limit its use [28]. Another 

two classes of drugs, angiotensin II type 1 receptor (AT1) blocker [29] and β-

blockers [30], have been investigated for periodontal disease and aldo found 

to reduce cytokine levels. These studies corroborate the results found by our 

study pertaining Atorvastatin. In the future, there is a need to investigate the 

signaling pathways that are affected to better understand how can interfere 

with bone loss. 

In conclusion, in periodontal disease, we find that Atorvastin has anti-

inflammatory activity, as indicated by reduced cytokine expression, and 

stress oxidative. These findings were further supported by a reduced 

expression of MMP-2 and MMP-9 in tissue, coupled with an increase in OPG 

and a decreased in RANKL. 
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MMP-2, MMP-9, COX-2, and RANKL 
Expression, and Up-Regulates OPG in a Rat 
Model of Periodontitis 
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Abstract  
Periodontal diseases are initiated primarily by Gram-negative, tooth-associated microbial biof ilms that 
elicit a host response that causes osseous and soft tissue destruction. Carvedilol is a β-blocker used as 
a multifunctional neurohormonal antagonist that has been shown to act not only as an anti-oxidant but 
also as an anti-inflammatory drug. This study evaluated whether Carvedilol exerted a protective role 
against ligature-induced periodontitis in a rat model and defined how Carvedilol affected 
metalloproteinases and RANKL/RANK/OPG expression in the context of bone remodeling. Rats were 
randomly divided into 5 groups (n = 10/group): (1) non-ligated (NL), (2) ligature-only (LO), and (3) 
ligature plus Carvedilol (1, 5 or 10 mg/kg daily for 10 days). Periodontal tissue was analyzed for 
histopathlogy and using immunohistochemical analysis characterized the expression profiles of MMP-2, 
MMP-9, COX-2, and RANKL/RANK/OPG and determined the presence of IL-1β, IL-10 and TNF-α, 
myeloperoxidase (MPO), malonaldehyde (MDA) and, glutathione (GSH). MPO activity in the group with 
periodontal disease was significantly increased compared to the control group (p<0.05). Rats treated 
with 10 mg/kg Carvedilol presented with significantly reduced MPO and MDA concentrations (p<0.05) in 
addition to presenting with reduced levels of the pro-inflammatory cytokines IL-1β and TNF-α (p<0.05). 
IL-10 levels in Carvedilol-treated rats remained unaltered. Immunohistochemical analysis demonstrated 
reduced expression of MMP-2, MMP-9, RANK, RANKL, COX-2, and OPG in rats treated with 10 mg/kg 
Carvedilol. This study demonstrated that Carvedilol affected bone formation/destruction and anti-
inflammatory activity in a rat model of periodontitis. 
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Introduction 

It is well established that ß-blockers substantially improve symptoms and 

the outcome of patients presenting with chronic heart failure (CHF) and left 
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ventricular systolic dysfunction [1]. Carvedilol is a non-selective ß -blocker 

with alpha adrenergic receptor antagonistic properties. It is unique among ß-

blockers because (in addition to improving exercise tolerance and its anti-

ischemic properties) it reduces heart rate and myocardial contractility [2]. 

Carvedilol exerts antioxidant [3,4] and anti-inflammatory [3,5] effects. The 

antioxidant effects of Caverdilol were determined following the identification 

of lipid peroxidation by-products such as malondialdehyde [6–8] and 

glutathione [9,10] and its anti-inflammatory properties following the 

observation that Caverdilol reduced pro-inflammatory cytokine production 

combined with increased anti-inflammatory cytokine (e.g., IL-10) production 

[5]. 

Another interesting finding was the observation that diabetic animals 

treated with Caverdilol had reduced diabetes associated low-turnover bone 

disease beyond what can be attributed to its antioxidative stress mechanism 

[11]. 

Examination of the effects of caverdilol in periodontal disease is of interest 

for chronic heart failure patients since induction of local inflammatory process 

(e.g., as a consequence of bacterial infections seen in periodontal disease) 

may aggravate their heart condition since correlations between periodontal 

disease and atherosclerosis [12,13] have been established. 

Dysregulation of myocardial metalloproteinases (MMPs) is now regarded 

as an early contributing factor to the initiation and progression of heart failure 

and pre-treatment with Carvedilol prevented MMP-2 and MMP-9 expression 

[14] shown to be activated in periodontal disease [15]. 

The aim of present study was to determine the efficacy of Carvedilol in the 

treatment of periodontal disease by assessing its anti-inflammatory and 

antioxidant properties while also characterizing the expression profile of 

matrix metalloproteinases and bone markers during treatment. 
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Figure 1. Microscopic analysis. (A) Normal periodontium and (B) periodontium from 
a rat presenting with periodontitis (treated with saline) showing alveolar bone and 
cementum resorption and inflammatory cell infiltration. (C) Reduced inflammation 
and alveolar bone loss in the periodontium of rats treated with Carvedilol (10 
mg/kg) for 10 days. Sections were stained with H&E. Microscopic original 
magnification at 40X. Scale bars = 100 µm. G = gingiva; PL = Periodontal ligament; 
D = dentin; AB = alveolar bone; C = Cementum; a = bone loss; b = resorption of 
cementum; c = inflammatory process; e, f = decreased inflammation process and 
bone loss. doi:10.1371/journal.pone.0066391.g001 
 
 
Materials and Methods 

 

Animals 

 

Experiments were performed using male wistar rats (180–220 g) housed 

in standard conditions (12 h light/dark cycle at 22±0.1ºC). Animals had free 

access with ad libitum access to water and standard diet (Presence/Evialis 

do Brasil Nutrição Animal LTDA, São Paulo). The experimental protocol was 

approved by the Animal Ethics Committee (number 28/2012) of the Federal 

University of Rio Grande Norte, Brazil. 

 

Drug Treatments 

 

Carvedilol (Cardilol, LIBBS, São Paulo, Brazil) was solubilized in saline 

(vehicle). All treatments (carvedilol or vehicle) were given orally by gavage 1 

h before ligation (induction of EPD) and thereafter once daily for 10 days. 

The animals were assigned randomly to the following five groups, with 10 
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animals for group: (1) a non-ligated group that received saline (NL), (2) a 

ligated group that received saline (L), (3) a ligated group treated with 1 mg/kg 

carvedilol (1 mg/kg CARVE), (4) a ligated group treated with 5 mg/kg 

carvedilol (5 mg/kg CARVE), and (5) a ligated group a group treated with 10 

mg/kg carvedilol (10 mg/kg CARVE). On the 11th treatment day animals were 

euthanized using thiopental (20 mg/kg). 

 
Tabela 1. Histological analysis of maxillae from rats representing with 
periodontal disease, Natal, RN, 2013. 

NL L CARVE 1 
mg/kg 

CARVE 5 
mg/kg 

CARVE 
10 mg/kg 

0 (0-0) 3(3-3)* 3(3-3)* 2(1-2) 1(1-2) 
*p<0,05 
Doi: 10.1371/journal.pone.0066391.t001 

 

Induction of Experimental Periodontitis (EPD) 

 

Experimental periodontitis was induced under ketamine (Quetamina, 

VETNIL 10%, São Paulo, 70 mg/kg, i.p) and xylazine anesthesia (Calmium 

2%, São Paulo, 10 mg/Kg, i.p) and then placing a sterile nylon (3-0 

Polysuture, NP45330, São Paulo) thread ligature around the cervix of the left 

second maxillary molar. At the end of the experiment animals were 

euthanized using thiopental (Thiopentax 0.5 g, Cristália, São Paulo, 20 mg/ 

kg). 

 

Histopathological Analysis 

 

The immunohistochemical analysis and the histological scores of the 

periodontal tissues were conducted by two calibrated oral pathologists. The 

sectioning was performed in the laboratoryof Morphology and Oral Pathology 

and subsequently analyzed by light microscopy in the Department of 

Morphology, UFRN. Maxillae from animals in the respective treatment groups 

were excised following euthanasia. Specimens were fixed in 10% neutral 

buffered formalin and demineralized in 5% nitric acid. Specimens were then 

dehydrated, embedded in paraffin, and sectioned (4 µm thickness) along the 
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molars in a mesio-distal plane prior to hematoxylin and eosin (H&E) staining. 

Sections corresponding to the area between the first and second molars 

where a ligature had been placed were evaluated by light microscopy (40X 

magnification). Parameters including the degree of inflammatory cell influx 

and alveolar bone and cementum integrity were analyzed histologically in a 

single-blind fashion and graded as follows: 0, absence of or only discrete 

cellular infiltration (inflammatory cell infiltration is sparse and restricted to the 

region of the marginal gingiva), preserved alveolar process and cementum; 

1, moderate cellular infiltration (inflammatory cellular infiltration present all 

over the gingiva), some but minor alveolar process resorption and intact 

cementum; 2, accentuated cellular infiltration (inflammatory cellular infiltration 

present in both the gingival and periodontal ligament), accentuated 

degradation of the alveolar process, and partial destruction of cementum and 

3, accentuated cellular infiltrate, complete resorption of the alveolar process 

and severe destruction of the cementum [16]. 
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Figure 2. Immunoreactivity to MMP-2, MMP-9, COX-2, RANK, RANK-L, and OPG. 
Photomicrographs of periodontal tissues from rats presenting with EPD and treated with 
Carvedilol (10 mg/kg) (A, D, G, J, M, P). Rats treated with saline only (B, E, H, K, N, Q) and 
untreated rats presenting with EPD (C, F, I, L, O, R). Magnification 40X, bar scale = 100 µm. 
Pulp tissue (P), gingiva (G), periodontal ligament (PL), and dentina (D). 
doi:10.1371/journal.pone.0066391.g002 

 

Immunohistochemistry: COX-2, MMP-2, MMP-9, RANK-L, RANK, and 

OPG Detection 

 

Periodontal tissue sections (4 µm) were transferred onto gelatin-coated 

slides, deparaffinized, and then rehydrated. Gingival and periodontal tissue 

slices were then washed with 0.3% Triton X-100 in phosphate buffered saline 

(PBS) and endogenous peroxidase quenched following an incubation with 

3% hydrogen peroxide. Sections were then were incubated with primary 

antibodies (Santa Cruz Biotecnology) at a 1:400 dilution specific to either 

cyclooxygenase-2 (COX-2), metalloproteinase-2 (MMP-2), 

metalloproteinase-9 (MMP-9), receptor activator of the nuclear factor-kB 
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ligand (RANK-L), receptor activator of the nuclear factor-kB (RANK), 

osteoprotegerin (OPG) overnight at 4ºC. After washing with PBS, slices were 

then incubated with the secondary antibody (Biocare Medical) for 30 min and 

immunoreactivity to COX-2, MMP-2, MMP-9, RANK, RANK-L, and OPG 

visual-ized using a colorimetric-based detection kit following the 

manufacturer’s protocol (TreekAvidin-HRP Label+Biocare Med-ical Kit, 

DAKO, USA). 

 

 

 

 

 

 

 

 
Figure 3. MPO, MDA, and GSH levels were measured in the NL, L and CARVE 
1, 5, and 10 mg/kg groups. #,*p,0.05. doi:10.1371/journal.pone.0066391.g003 

 

 

Myeloperoxidase Assay 

 

The extent of neutrophil accumulation in respective gingival samples was 

measured by assaying myeloperoxidase (MPO) activity. Gingival samples 

were removed and stored at -70ºC until used. After homogenization and 

centrifugation (2000xg for 20 min) MPO activity was determined by a 

colorimetric method described previously [17]. The results were reported as 

units of MPO/mg of tissue. 

Malonaldehyde Levels 

 

Lipid peroxidation in rat gingival tissue was determined by measuring 

malonaldehyde (MDA) production via the thiobarbiturc reaction. Briefly, 0.25 

ml of a 10% gingival tissue homogenate prepared in 0.15 M KCl was added 

to 1.5 ml of 1% H3PO4 and 500 µl of 0.6% thiobarbituric aqueous solution 



 

 

65 

 

and then placed in a water bath for 45 min at 100ºC and 2 ml of n-butanol 

P.A. was added before the mixture was homogenized and then centrifuged at 

12000 rpm for 15 min at 4ºC. The absorbance of the butanol layer was 

measured at 520 (A1) and 535 nm (A2). The concentration of malonaldehyde 

was the difference between the A2– A1 values expressed as nM of MDA/g of 

gingival tissue. 

 

Glutathione Assay 

 

Glutathione levels were determined as a measure of antioxidant activity. 

Gingival samples were removed and stored at -70ºC until used. Briefly, 0.25 

ml of a 5% gingival tissue homogenate resuspended in 0.02 M EDTA was 

added to 320 µl of distilled water and 80 µl 50% TCA and then centrifuged at 

3000 rpm for 15 min at 4ºC. 400 µl of the supernatant was then added to 800 

µl 0.4 M TRIS buffer, pH 8.9, and 20 µl 0.01 M DTNB. Glutathione levels 

were determined by a colorimetric method described previously (17). The 

results were reported as units of MPO/mg of tissue and the absorbance 

measured at 420 nm. 

 

IL-1β, IL-10, and TNF-α assay.  

 

The gingival sample tissues were stored at -70ºC until required for each 

assay. The tissue collected was homogenized and processed as described 

by [18]. The levels of IL-1β, Il-10, and TNF-α in the gingival samples were 

determined with an ELISA commercial kit (R&D Systems, EUA) as described 

previously [19]. Briefly, micro titer plates were coated overnight at 4ºC with 

antibodies against mouse TNF-α, IL-1β, and Il-10. After the plates were 

blocked, the samples and standards were added at various dilutions in 

duplicate and incubated at 4ºC for 24 h. The plates were washed three times 

with buffer. The following antibodies were then added to the wells:biotinylated 

sheep polyclonal anti-TNF-α, anti-IL-1β, or anti-IL-10 (diluted 1:1000 with 1% 

BSA assay buffer). After further incubation at room temperature for 1 h, the 
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plates were washed, and 50 µl of avidin-HRP (diluted 1:5000) was added. 

The color reagent o-phenylenediamine (OPD; 50 µl) was added 15 min later, 

and the plates were incubated in the dark at 37ºC for 15–20 min. The 

enzyme reaction was stopped with H2SO4, and absorbance was measured at 

490 nm. The resulting values were expressed in pg/ ml. 

 

 

 

 

 

 

 

 

 

 
Figure 4. IL-1β, IL-10, and TNF-α levels were measured in the NL, L and CARVE 1, 5, and 10 
mg/kg groups. #,*p<0.05; doi:10.1371/journal.pone.0066391.g004 
 
 

Statistical analysis.  

 

The data are presented as means+standard error of the mean (SEM) or as 

medians, when appropriate. Analysis of Variance (ANOVA) followed by 

Bonferroni’s test was used to calculate the means, and the Kruskal–Wallis 

test followed by Dunn’s test was used to compare medians (GraphPad 

PRISM 5.0 Software). A P-value of <0.05 was considered to indicate a 

significant difference. 

 

Results 

Animals treated with Caverdilol 10 mg/kg had significantly less alveolar 

bone loss and periodontal disease than rats treated with Caverdilol 1 mg/kg 

(p<0.05). In addition, rats in the 10 mg/kg group presented with gingival 

tissues containing discrete cellular infiltrates (restricted to the marginal 

gingival region) with preserved alveolar process and cementum. 
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Histological analysis of the region between the first and second molars of 

sham operated rats demonstrated tissues presenting with a normal 

periodontium where the gingiva (g), periodontal ligament (pl), alveolar bone 

(ab), and cementum (c) are clearly defined (Figure 1). Histopathological 

analysis of the periodontium of the animals subjected to experimental 

periodontitis that received no treatment (EPD) revealed inflammatory cell 

infiltrates coupled with severe cementum and alveolar process destruction 

(histopathology score of 3; Figure 1B and Table 1). Carvedilol (10 mg/kg) 

treatment prevented inflammation induced by experimental periodontitis 

(Figures 1C) with rats in this group receiving a median histopathologic score 

of 1–2 (Table 1). 

 

Immunohistochemical Detection of COX-2, MMP-2, MMP-9, RANK-L, 

RANK, and OPG 

 

The periodontium of rats presenting with experimental periodontitis 

receiving no treatment (EPD) showed marked immune-staining for to the 

following markers: MMP-2, MMP-9, COX-2, RANK-L, and RANK (Figure 2B, 

E, H, K, and N) compared to periodontium staining profile of the saline group 

(Figure 2A, D, G, J, and M). Carvedilol (10 mg/kg) treatment reduced the 

levels of COX-2, MMP-2, MMP-9, RANK-L, and RANK expression in the 

periodontium of rats subjected to experimental periodontitis (Figure 2C, F, I, 

L, and O). By contrast, OPG staining was slightly elevated in the periodontal 

disease group, moderatly elevated in the saline group, and significantly up-

regulated in the Carvedilol (10 mg/kg) group. 

 

Reduction of the Inflammatory Response 

 

The MPO activity in rats presenting with periodontal disease was 

significantly increased compared to control animals (p<0.001). By contrast, 

rats treated with Carvedilol (10 mg/kg) had significantly reduced MPO 

concentrations (p<0.05, Figure 3). The levels of the proinflammatory 
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cytokines IL-1β and TNF-α were significantly decreased in the Carvedilol (10 

mg/kg; p<0.05) treatment group. IL-10 levels between treatment groups were 

not different (Figure 4). 

 

Reduction of Oxidative Stress 

 

Treatment with Carvedilol (10 mg/kg) significantly reduced MPO activity 

(p<0.05), however, GSH levels were unaltered when compared to GSH 

levels in rats presenting with periodontal disease and treated with vehicle 

(Figure 3). 

 

Discussion 

 

Neutrophils represent key phagocytic defenders in the periodontal pocket. 

Essentially, the stronger the inflammatory stimulus, the greater the epithelial 

and endothelial activation and the larger the number of neutrophils recruited. 

Recent evidence has shown that neutrophil-derived proteases also 

modulated chemokine activity [20] and that these proteases activated 

production of some cytokines including IL-1β and TNF-α [21]. Multiple 

neutrophil-derived proteolytic enzymes have been shown to be elevated in 

periodontitis compared to healthy controls, including myeloperoxidase (MPO) 

[22] and matrix metalloproteinases (e.g., MMP-2 and MMP-9) whose major 

source in the periodontium is the neutrophil [23–25]. 

This study confirmed that treatment with Carvedilol (10 mg/kg) reduced the 

levels of myeloperoxidase and malonaldehyde, in addition to reducing the 

levels of the the pro-inflammatory cytokines IL-1β and TNF-α. These 

observations are supported by previous studies that demonstrated that 

Carvedilol reduced cardiac gene expression and protein production of IL-1β, 

TNF-α, IL-6, and TGF-β1 in rats presenting with acute myocardial infarction 

[5]. 

Reduction in the inflammatory response can be confirmed by observing 

reduction in tissue COX-2 levels, an enzyme expressed in inflamed tissues, 
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that was markedly reduced in rats treated with Carvedilol (10 mg/kg) 

compared to levels observed in rats presenting with periodontal disease. 

Proteolytic enzymes released by host cells are associated with tissue 

destruction in periodontal diseases, specifically MMP-2 and MMP-9 have 

been implicated in periodontal disease progression. Histologic analysis 

demonstrated that rats treated with Carvedilol (10 mg/kg) had a decrease in 

staining for both MMP-2 and MMP-9, confirming previous reports that 

demonstrated that carvedilol reduced MMP-2 and MMP-9 levels [26]. Our 

study is innovative because it demonstrated a reduction in the formation of 

MMP-2 and MMP-9 in an experimental model of periodontal disease. 

RANKL and OPG are members of the tumor necrosis factor (TNF) and 

TNF receptor (TNFr) super families, respectively, and binding to the receptor 

activator of NF-kB (RANK) not only regulates osteoclast formation (by 

mediating activation and survival in normal bone modeling and remodeling) 

but also regulates several other pathologic conditions characterized by 

increased bone turnover (26). 

RANKL is synthesized in a membranous or soluble form by immune cells 

of the osteoblastic lineage cells. This factor binds the osteoclast surface 

receptor (RANK), stimulating bone resorption through osteoclastogenesis 

and the activation of multinucleated mature osteoclasts. OPG is secreted by 

osteoblasts as a decoy receptor for RANKL and prevents RANKL from 

binding to RANK thereby preventing bone resorption (27). 

 

Recently, various basic and clinical research studies focusing on defining 

the underlying mechanisms of the major enzymatic drivers of this aggressive 

tissue destruction have been carried out. In addition to briefly discussing the 

pathology of chronic periodontitis and its main players, this article focused on 

describing promising therapeutic agents that can be used in the prevention of 

tissue destruction associated with periodontitis; i.e., using matrix 

metalloproteinase (MMP) inhibitors as host modulatory agents and 

bisphosphonates to block alveolar bone destruction. 

Treatment with Carvedilol 10 (mg/kg) demonstrated its potential in 
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reducing expression or RANK and RANKL in bone while increasin OPG 

expression resulting in a reduction in osteoclast activation and differentiation 

resulting in reduced bone loss. To our knowledge, no work has previoulsy 

demonstrted the activity of Carvedilol regarding the expression levels of 

either RANKL, RANKL, or OPG. This work demonstrated a new role for 

Carvedilol regarding signaling pathways involved in the process of bone 

formation/destruction suggesting that future work desinged to elucidate the 

mechanism involved in this process be carried out. 

 

After Discussion Conclusions 

 

In conclusion, administration of Carvedilol 10 (mg/kg) confered anti-

inflammatory activity by reducing the levels of myeloperox-idase, COX-2, IL-

1β, and TNF-α. Carvedilol antioxidant activity was assessed by measuring 

malonaldehyde levels that post treatment were reduced. In summary, 

Carvedilol affected boné formation/destruction by reducing the levels of 

RANK and RANKL and increasing OPG expression. 
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Abstract The objective of this study is to investigate the participation of 
inflammatory and oxidative stress mediators and the effects on the 
expression of matrix metallo-proteinase (MMP)-2, MMP-9, and receptor 
activator of NF-KB ligand (RANKL)/receptor activator of NF-KB 
(RANK)/osteoprotegerin (OPG) pathway in the response to treatment with 
olmesartan, an angiotensin II type 1 receptor blocker. Male Wistar albino 
rats were randomly divided into five groups of ten rats each: (1) non-ligature 
with water, (2) ligature with water, (3) ligature with 1-mg/kg olmesartan, (4) 
ligature with 6 mg/kg olmesartan, and (5) ligature with 10 mg/kg 
olmesartan. All groups were treated with olmesartan or the vehicle by 
gavage daily for 10 days. Following the treatment course, the periodontal tissue 
of the animais was analyzed by histopathology and immunohistochemistry to 
determine the expression of cyclooxygenase-2 (COX-2), MMP-2, MMP-9, 
and members of the RANKL/RANK/OPG pathway and by ELISA and 
spectroscopic assay to determine the leveis of interleukin IL-1β, IL-10, tumor 
necrosis factor (TNF)-α, myeloperoxidase (MPO), malonaldehyde (MDA), and 
glutathione. The concentrations of MPO and MDA were reduced in the group 
that received 6 mg/kg olmesartan (p<0.05). In addition, the group that was 
treated with 6 mg/kg olmesartan showed a decreased level of IL-1β (p<0.05), 
and all doses of olmesartan resulted in decreased leveis of TNF-α. Furthermore, 
treatment with 6-mg/kg olmesartan led to downregulation of the expression of 
COX-2, MMP-2, MMP-9, RANKL, and RANK and to upregulation of the 
expression of OPG. These findings suggest that 6 mg/kg olmesartan reduces the 
inflammatory process and bone loss by downregulating MMPs and RANKL in 
osteoblasts and by upregulating OPG. 

 

Introduction 
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Periodontitis is a chronic inflammatory disease resulting from the 

perturbed homeostasis between the subgingival microbiota and the host 

defenses (Sanz and van Winkelhoff 2011). Lipopolysaccharides that are 

derived from plaque biofilms on the tooth root surface recruit 

polymorphonuclear leukocytes to the site. Monocytes and activated 

macrophages respond by releasing various proinflammatory cytokines, 

including inter leukin (IL)-1β and tumor necrosis factor (TNF)-α, which, in 

turra, direct further destructive processes (Giannobile, 2008).  

Recently, the mechanisms of bone resorption have been ac tively 

examined, and the discovery of the receptor activator of NF-KB (RANK) 

ligand has allowed elucidation of the mechanisms of osteoclast differentiation 

in the bone. Osteoblasts ex- press the RANK ligand (RANKL) as a 

membrane-associated factor in response to various bone-resorbing factors 

such as parathyroid hormone, 1L-1, and prostaglandin E2 (PGE2). 

Osteoclast precursors express RANK, a receptor for RANKL, and the 

recognition between RANK and RANKL induces the differentiation of the 

precursors into osteoclasts (Harada and Takahashi 2011). 

Another mechanism of bone resorption involves matrix metalloproteinases 

(MMPs), which are a family of proteolytic enzymes that degrade proteins of the 

extracellular matrix of various tissues including the bone. More than 20 

different mammalian MMPs have been identified, and there have been 

divided into four subgroups: collagenases (MMP-1, MMP-8, MMP-13, and 

MMP-18), gelatinases (MMP-2 and MMP-9), stromelysins (MMP-3 and MMP-

10), and membrane-type metalloproteinases (MMPs-14-17) (Vargova et al. 

2012). Osteoblasts are known to express various MMPs such as MMP-1, 

MMP-2, MMP-13 (collagenase 3), and MMP-14 (MT1-MMP), and they 

selectively produce MMP-9 (Vargova et al. 2012). The induction of specific 

MMPs (such as MMP-2, MMP-3, and MMP-13) in osteoblasts is reported to be 

essential for bone resorption (Kusano et al. 1998). 

Treatments for periodontitis have been investigated, and a variety of host 

modulatory therapies for periodontitis now exist, including the use of 
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nonsteroidal anti-inflammatory drugs (NSAIDs) (Kirkwood et al. 2007). 

Olmesartan, an angiotensin II type 1 receptor blocker, has also been 

investigated and found to inhibit the expression of TNF-α (Li et al. 2004). The 

mechanism of inhibiting the expression of TNF- α by olmesartan-induced can 

be very interesting to study in the context of periodontal disease because 

studies have shown, beyond doubt, that the plaque bacteria that are necessary 

for initiating periodontal disease drive a chronic inflammatory response in 

periodontal tissues (Deo and Bhongade 2010; de Molon et al. 2012). Strong 

evidence indicates that this host inflammatory response leads to destructive 

processes that are responsible for the majority of the hard and soft tissue 

breakdown that leads to the clinical signs of periodontitis. The characteristic 

clinicai signs of chronic periodontitis occur mainly as a result of the activation of 

host-derived immune and inflammatory defense mechanisms. Both IL-1 and 

TNF- α induce the expression of other mediators, such as prostaglandins, 

that amplify the inflammatory response, lead to the production of lytic 

enzymes, and stimulate the production of chemokines (Deo and Bhongade 

2010). Investigation of the action of olmesartan in an experimental model for 

periodontal disease is an important and necessary step that we must perform 

prior to entering into clinical trials to determine whether olmesartan can 

reduce the severity of periodontal disease. 

The objective of the study is to investigate the participation of the 

inflammatory mediators (myeloperoxidase (MPO), cyclooxygenase-2 

(COX-2), IL-1β, IL-10, and TNF- α), oxidation mediators (maionaldehyde 

(MDA) and glutathione (GSH)), and bone-remodeling proteins (MMP-2, 

MMP-9, RANK, RANKL, and osteoprotegerin (OPG)) in olmesartan treatment 

in a rat model for periodontal disease. 

 

Materiais and methods 

 

Animals 
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Diet information: Experiments were perfomed on male Wistar  rats (180-

220 g) housed in standard conditions (12-h light/dark cycle and 22±0.1 °C), 

with ad libitum access to water and a  standard diet (basic composition: 

soybean meai, dextrin, rice husks, wheat bran, rice bran, meat meai, fish 

meai, sodium chloride, magnesium oxide, iron sulfate, copper sulfate, man 

ganese monoxide, zinc oxide, calcium iodate, cobalt sulfate, sodium selenite, 

vitamin A, vitamin D3, vitamin E, vitamin K3, vitamin B 1, vitamin B2, niacin, 

pantothenic acid, vitamin B6,  folic acid, biotin, vitamin B12, choline chloride, 

lysine, methi onine, propionic acid, Agrobacterium tumefaciens, and Bacillus 

thuringiensis; Presence/Evialis do Brasil Nutrição Animal Ltda, São Paulo). 

The rats were fasted 12 h before sacrifice. The experimental protocol for 

experimental procedures and animal treatment was approved by the Animal 

Ethics Committee (number 28/2012) of the Federal University of Rio Grande 

Norte. 

 

Model for EPD 

 

Experimental periodontitis (EPD) was induced in rats under anesthesia 

induced by ketamine (70 mg/kg administered i.p., 10% Quetamina, Vetnil, 

São Paulo) and xylazine (10 mg/kg administered i.p., 2 % Calmium, São 

Paulo) by the placement of a sterile nylon thread ligature (3-0; Polysuture, 

NP45330, São Paulo) around the cervix of the maxillary left second molar 

(Carvalho et al. 2010). Eleven days after the initial treatment, the animalis 

were euthanized with 20 mg/kg thiopental (0.5 g Thiopentax, Cristália, 

São Paulo).  

 

Drug treatments 

 

For treatments, olmesartan medoxomil (Benicar 20 mg, Daiichi Sankyo 
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Brasil Farmacêutica Ltda, São Paulo, Brazil) was solubilized in distilled water 

(vehicle). All treatments (olmesartan or vehicle) were given orally by gavage 1 h 

before ligation (induction of EPD) and there after once daily for 10 days. 

The animais were assigned randomly to the following five groups, with ten 

animais per group: (1) a non-ligated group that received water (NL), (2) a 

ligated group that received water (L), (3) a ligated group treated with 1 mg/kg 

olmesartan (OLME 1 mg/kg), (4) a ligated group treated with 6 mg/kg 

olmesartan (OLME 6 mg/kg), and (5) a ligated group treated with 10 mg/kg 

olmesartan (OLME 10 mg/kg). 

 

Measurement of alveolar bone loss 

The excised maxillae were fixed in 10 % neutral formalin for 24h. Both 

maxillary halves were then defleshed and stained with aqueous methylene 

blue (1 %) to differentiate the bone from the tooth. Measurements of bone loss 

were made along the axis of each root surface of all molar teeth. Three record-

ings were made for the first molar teeth (three roots each) and two recordings 

for the second and third molar teeth (two roots each).The total alveolar bone loss 

was obtained by taking the sum of the recordings from the buccal tooth 

surfaces and subtracting the values of the right maxila (unligated control) 

from the left maxila, in millimeters (Carvalho Rde et al. 2013). 

Morphometric analysis of the alveolar bone was performed with 

standardized digital photography (Olympus SC30), and the distance 

(millimeters) was measured with image software (analysis getIT 5.1). 

 

Histopathological analysis 

 

The immunohistochemical analysis and the histological scores of the 

periodontal tissues were conducted by two calibrated oral pathologists. The 
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sectioning was performed in the Laboratory of Morphology and Oral Pathology 

and subsequently analyzed by light microscopy in the Department of Morphology, 

UFRN. Alveolar bone specimens were harvested, fixed in 10 % neutralbuffered 

formalin, and demineralized in 5 % nitric acid. Following these treatments, the 

specimens were dehydrated, embedded in paraffm, and sectioned along the 

molars in a mesiodistal plane for hematoxylin—eosin staining. Sections of 4 

µm thickness, corresponding to the area between the first and second molars 

where the ligature had been placed, were evaluated by light microscopy (x40 

magnification). Parameters such as inflammatory cell influx and the integrity of 

the alveolar bone and the cementum were analyzed by a histologist in a single-

blind fashion and graded as follows: a score of 0 indicates that inflammatory cell 

infiltration is absent or sparse and is restricted to the region of the marginal 

gingiva and that the alveolar process and cementum are preserved; a score 

of 1 indicates moderate cellular infiltration (inflammatory cellular infiltration 

present on the entire gingival insert), minor alveolar process resorption, and an 

intact cementum; a score of 2 indicates accentuated celular infiltration 

(inflammatory cellular infiltration present in the gingiva and in the periodontal 

ligament), accentuated degradation of the alveolar process, and partial 

destruction of the cementum; and a score of 3 indicates accentuated cellular 

infiltration, complete resorption of the alveolar process, and severe 

destruction of the cementum (Leitao et al 2005). 

 

Immunohistochemical analysis of COX-2, MMP-2, MMP-9, RANKL, RANK, 
and OPG 
 

Thin sections of periodontal tissue (4 µm) were obtained with a microtome and 

were transferred to gelatin-coated slides. Each tissue section was then 

deparaffinized and rehydrated. The gingival and periodontal tissues slices were 

washed with 0.3 % Triton X-100 in phosphate buffer, were quenched with 

endogenous peroxidase (3% hydrogen peroxide), and were incubated with the 

following primary antibodies (purchased from Santa Cruz Biotechnology) 

ovemight at 4 °C: COX-2, 1:400; MMP-2, 1:400; MMP-9, 1:400; RANKL, 1:400; 
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RANK, 1:400; and OPG, 1:400. After the slices were washed with phosphate 

buffer, they were incubated with a streptavidin—horseradish peroxidase (HRP)-

conjugated  secondary antibody (Biocare Medical) for 30 min, and 

immunoreactivity to COX-2, MMP-2, MMP-9, RANK, RANKL, and OPG 

was visualized using a colorimetric-based detection kit following the protocol 

provided by the manufacturer (TrekAvidin-HRP Label + Kit from Biocare Medical , 

Dako, USA). 

 

MPO assay 

 

The extent of neutrophil accumulation m the gingival samples was 

measured by assaying MPO activity. Gingival samples were harvested as 

described above and stored at -70 °C until required for the assay. After 

homogenization and centrifugation (2,000xg for 20 min), MPO activity in 

these samples was determined by a colorimetric method described previously 

(Souza et al 2003). The results were reported as units of MPO per milligram 

of tissue. 

 
MDA levels 

 

To assess lipid peroxidation, MDA production was measured with a 

thiobarbituric acid reaction in gingival tissue from the rats. Gingival tissue 

homogenate (0.25 ml of 10 % tissue prepared in 0.15 M KCl) was added to a 

thiobarbituric acid solution (1.5 ml of 1 % H3PO4 and 500 µl of a 0.6 % 

thiobarbituric acid aqueous solution), and the mixture was placed in a water bath 

and heated for 45 min at 100 °C. Next, 2 ml of n-butanol PA was added, and the 

mixture was homogenized and then centrifuged at 12,000 rpm for 15 min at 

4 °C. The absorbance of the butanol layer was measured at 520 nm (A1) 

and 535 nm (A2) (GENESYS 10S UV—Vis, Thenno Scientific, England). The 

concentration of malonaldehyde was calculated as A2-Al, expressed as 
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nanomoles of MDA per gram of gingival tissue. 

 

GSH assay 

GSH leveis in gingival tissue were measured as a marker for antioxidant 

activity. The gingival samples were removed and stored at -70 °C until required 

for the assay. Gingival tissue homogenate (0.25 ml of a 5 % tissue solution 

prepared in 0.02 M EDTA) was added to 320 µl of distilled water and 80 µl of 50% 

TCA. The samples were then centrifuged at 3,000 rpm for 15 min at 4°C. 

The supematant (400 µl) was added to 800 µl of 0.4 M Tris buffer at pH 8.9 

and 20 µl of 0.01 M DTNB. The absorbance of each sample was measured at 

420 nm, and the results were reported as units of MPO per milligram of tissue. 

 

IL-1β, IL-10, and TNF-α assay 

The gingival sample tissues were stored at -70 °C until required for each 

assay. The tissue collected was homogenized 

and processed as described by Safieh-Garabedian et al (1995). The 

levels of IL-1β, IL-10, and TNF-α in the gingival samples were determined 

with an ELISA commercial kit (R&D Systems, EUA) as described 

previously (Kendall et al. 1983). Briefly, microtiter plates were coated 

overnight at 4°C with antibodies against mouse TNF-α, IL-1β, and IL-10. 

After the plates were blocked, the samples and standards were added at 

various dilutions in duplicate and incubated at 4 °C for 24 h. The plates 

were washed three times with buffer. The following antibodies were then 

added to the wells: biotinylated sheep polyclonal anti- TNF-α, anti-IL-1β, 

or anti-IL-10 (diluted 1:1,000 with 1 % BSA assay buffer). After further 

incubation at room temperature for 1 h, the plates were washed and 50 µl of 

avidin-HRP (diluted 1:5,000) was added. The color reagent o- 

phenylenediamine (50µl) was added 15 min later, and the plates were 
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incubated in the dark at 37°C for 15-20 min. The enzyme reaction was 

stopped with H2SO4, and absorbance was measured at 490 nm. The 

resulting values were expressed in picograms per milliliter. 

 

Statistical analysis  

The data are presented as mean + standard error of the mean (SEM) 

or as medians, where appropriate. ANOVA  followed by Bonferroni test 

was used to calculate the means, and the Kruskal—Wallis test followed 

by Dunn's test was used to compare medians (GraphPad Prism 5.0 

Software). A P value of <0.05 was considered to indicate a significant 

difference. 

Results 

Effect of olmesartan treatment on alveolar bone loss in rats with EPD 

Rats with EPD (L) showed a significant alveolar bone loss compared to 

NL (NL =1.4±0.07 mm; L =7.02± 0.17 mm; p<0.001). It was observed that 

treatment with olmesartan 6 mg/kg reverse the alveolar bone loss 

caused by EPD (OLME 6 mg/kg, 4.03±0.17; p<0.05) (Fig. 1). Rats with 1 

and 10 mg/kg olmesartan no showed different significant alveolar bone 

loss compared to L (L=7.02±0.17 mm; OLME 1 mg/kg=5.9±1.0 mm; 

OLME 10 mg/kg=6.0±1.1 mm; p< 0 . 0 5 ) ,  F i g .  1 .  

Dates are shown in Fig. 2a, which shows the macroscopic aspects of NL 

group with no resorption of the alveolar bone when compared to the L 

group (EPD), where severe bone resorption with root exposure is observed 

(Fig. 2b). Figure 2c shows the macroscopic appearance of periodontium 

subjected to EPD and treated with olmesartan 6 mg/kg, where decreased 

bone loss is observed. 
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Fig. 1 Effect of olmesartan treatment on alveolar bone loss associated with EPD in rats. Values 
are expressed as means ± SEM (###p<0.001; * p < 0.05; determined with ANOVA and Tukey's 
test). 
 
 
 
 

 

 

 

 

 
Fig. 2 a Samples from the NL group with no resorption of the alveolar 
bone. b Samples from the L group, where severe bone resorption with 
root exposure is observed (arrows). c Samples from the L group treated with olmesartan 6 mg/kg, 
where decreased bone resorption is observed (arrows). Images were obtained at an original 
magnification of x1.7 

 

 

Histopathological analysis 

  

EPD-induced animais that were treated with 6 mg/kg olmesartan 

displayed reduced alveolar bone loss compared to those the EPD-

induced animais that were treated with 1 and 10 mg/kg olmesartan and 
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group periodontal disease (L) (p<0.05). The group periodontal disease (L) 

was assigned a median score of 3 (range 3-3) (p<0.05) (Table 1). The 

animais in the group treated with 6 mg/kg olmesartan received a 

median score of 2 (range 2-3) (Table 1). The group treated with 1 and 

10 mg/kg received a median score 3 (range 3-3; p<0.05) and 3 (range 2-

3), respectively. Histopathological analysis shows discrete cellular 

infiltration (restricted to the region of the marginal gingival) and a 

preserved alveolar process and cementum in the group treated with 

olmesartan (6 mg/kg) (Fig. 4c). In addition, microscopic images illustrate 

the reduction of inflammation and alveolar bone loss in the periodontia of 

rats treated with 6 mg/kg olmesartan. Histopathological analysis of the 

region between the first and second molars of the NL group indicates 

that the periodontia of this group are normal, specifically the gingiva, 

periodontal ligament, alveolar bone, and cementum (Figs. 3, 4, and 5a). 

The periodontia of the EPD-induced (L) animals exhibited inflammatory 

cell infiltration coupled with severe destruction of the cementum and of 

the alveolar process (Figs. 3, 4, and 5b). Inflammation and alveolar bone 

loss in the periodontium of rats treated with olmesartan (1 mg/kg, Fig. 3c; 

10 mg/kg, Fig. 5c) for 10 days. The animais exhibited inflammatory cell 

infiltration coupled with severe destruction of the cementum and of the 

alveolar process.  

Table 1 Histological analysis of inflammatory response in periodontal disease model 
(Natal, RN, 2013). 
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Fig. 3 Microscopic analysis. a Normal periodontium (non-ligated group). b Periodontium 
(ligated group) from a rat presenting with periodontitis (treated with saline) showing alveolar bone 
and cementum resorption and inflammatory cell infiltration. c Inflammation and alveolar bone loss 
in the periodontium of rats treated with olmesartan (1 mg/ kg) for 10 days. Sections were stained 
with H&E. Microscopic original magnification at x40. Scale bars = 100 µm. G gingiva, PL periodontal 
ligament, D dentin, AB alveolar bone, C cementum, a bone loss, b resorption of cementum, c 
inflammatory process, e, f inflammation process and bone loss. 

 

 

 

 

 

 

 
Fig. 4 Microscopic analysis. a Normal periodontium (non-ligated group). b Periodontium 
ligated group from a rat presenting with periodontitis (treated with saline) showing alveolar 
bone and cementum resorption and inflammatory cell infiltration. c Reduced inflammation 
and alveolar bone loss in the periodontium of rats treated with olmesartan (10 mg/kg) 
for 10 days. Sections were stained with H&E. Microscopic original magnification at x40. Scale 
bars=100 µm. G gingiva, PL periodontal ligament, D dentin, AB alveolar bone, C cementum, 
a bone loss, b resorption of cementum, c inflammatory process, e, f decreased inflammation 
process and bone loss. 

 

 

 

 

 

 
Fig. 5 Microscopic analysis. a Normal periodontium (non-ligated group). b Periodontium 
from a rat presenting with periodontitis (treated with saline) showing alveolar bone and 
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cementum resorption and inflammatory cell infiltration. c Inflammation and alveolar bone 
loss in the periodontium of rats treated with olmesartan (10 mg/kg) for 10 days. Sections 
were stained with H&E. Microscopic original magnification at x40. Scale bars=100 µm. G 
gingiva, PL periodontal ligament, D dentin, AB alveolar bone, C cementum, a bone loss, b 
resorption of cementum, c inflammatory process, e, f inflammation process and bone loss. 
 

Immunohistochemical analysis of markers of inflammation and bone-
remodeling proteins 
 

The periodontia of EPD-induced rats (L) showed markedly increased 

immunostaining for COX-2, MMP-2, MMP-9, RANKL, and RANK (Fig. 2b, 

e, h, k, n) compared to the periodontia of the NL group (Fig. 6a, d, g, j, 

m). Olmesartan (6 mg/kg) reduced the amount of immunostaining observed 

for COX-2, MMP-2, MMP-9, RANKL, and RANK in the periodontia of the 

EPD-induced rats (Fig. 6c, f, i, 1, o). Immunostaining for OPG was low in 

the periodontia of the L group, moderate in the NL group, and intense in the 

group treated with 6 mg/kg olmesartan. 

 

Effect of olmesartan on inflammatory activity 
 

The group treated with 6 mg/kg olmesartan showed a reduced 

concentration of MPO compared to L group (p<0.01) and a reduced level of 

the proinflammatory cytokine IL-1β (p<0.05). The group treated with 1 and 10 

mg/kg olmesartan did not show a reduced concentration of MPO and level of 

cytokine IL-1β compared to L group (p>0.05) (Fig. 7). The levels of TNF-α were 

reduced in all doses of olmesartan treatment compared to the L group (Fig. 

8). 

 

Effect of olmesartan on oxidative stress 

Treatment with 6 mg/kg olmesartan reduced the activity of MDA (p<0.01), 

while treatment with 1 and 10 mg/kg olmesartan reduced the activity of 

MDA (p<0.05). The levels of GSH did not increase in the olmesartan-treated 

animais compared to the group that was subjected to EPD and treated with 

vehicle (p>0.05) (Fig. 7). 
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Fig. 6 Photomicrographs of the periodontal tissue of rats on EPD that were 
treated with olmesartan showing immunoreactivity to MMP-2, MMP-9, 
COX-2, RANK, RANKL, and OPG. Rats that were subjected to saline 
treatment (non-ligated group) are shown in a, d, g, j, m, and p; rats that were 
subjected to EPD (ligated group) are shown in b, e, h, k, n, and q; and rats 
subjected to EPD and treated with 6 mg/kg olmesartan are shown in c, f, i, 1, 
o, and r. (x 100 magnification; scale bar= 100 µm) 
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Fig. 7 Levels of MPO, MDA, and 
GSH in NL, L, and groups treated 
with 1, 6, and 10 mg/kg olmesartan 
(#p<0.05; *p<0.05). 

Fig. 8 Levels ofIL-1β), IL-10, and 
TNF-α in NL, L, and groups treated 
with 1, 6, and 10 mg/kg olmesartan 
(#p<0.05; *p<0.05; **p<0.01) 
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Discussion 

 

Improved  knowledge  of  the  pathogenesis  of  periodontal disease,  

including  better  elucidation  of  the  host  mechanisms 

that  participate  in the  development  of the  disease,  has resulted in 

the proposal of novel agents aimed at modulating the host response by 

inhibiting inflammatory mediators. According to Grenier et al. (2002), 

NSAIDs inhibit the formation of prostaglandins, including PGE2. The 

level of PGE2 has been observed to be increased in periodontal 

disease compared to that in healthy patients, but studies have shown an 

increase in bone loss and fracture risk in patients that have used NSAIDs 

(Vestergaard et al. 2012; Richards et al. 2006). Another treatment, 

celecoxib (an NSAID/COX- 2 inhibitor), can be an effective adjunctive 

treatment in conjunction with scaling and root planning to reduce 

progressive attachment loss in subjects with chronic periodontitis. The 

beneficiai effect of this drug persisted even at 6 months post-

administration. However, given the increased cardiovascular risks 

associated with the use of this drug, dose patient supervision and strict 

adherence to dosage and administration guidelines established by the 

US Food and Drug Administration are ofparamount importance (Yen et al 

2008). Various treatment strategies have been developed to target the host 

response for the management of periodontitis. MMP inhibitors such as low-

dose formulations of doxycycline (Gapski et al. 2004) and pharmacologic 

inhibitors of NF-KB and p38 mitogen-activating protein kinase pathways are 

actively being developed to manage inflammatory bone diseases (Adams et 

al. 2001).  

In a susceptible host, an overreaction of the host response occurs, 

resulting in the excessive production of proinflammatory cytokines such as 

IL-1, TNF-α, and IL-6, resulting in the loss (Grenier et al. 2002) of periodontal 

attachment (Gemmell et al. 1997). Pharmacological inhibitors of inflammatory 

mediators such as proinflammatory cytokines (IL-1, TNF-α, and IL-6) and 

MMPs act upon cell signaling pathways that are required for the transcription 
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factor activation that is necessary for the stability of the inflammatory 

response. 

In this study, the major activity observed to be affected by olmesartan 

treatment was the inflammatory response, with significantly lower levels of 1L-

1β and TNF-α observed following bone loss observed in the group treated 

with 10 mg/kg olmesartan is supported by published data claiming that 

treatment of animais with 6 mg/kg olmesartan. A previous study by Aki 

et al. (2010) showed that high-dose olmesartan treatment induced the 

augmentation of M2 macrophages in vivo and inhibited glomerular 

inflammation. Therefore, a high dose of olmesartan may have a 

therapeutic effect in cases of severe glomerulonephritis that are accompanied 

by extensive glomerular inflammation; olmesartan exerts these effects not 

only by inhibiting macrophage infiltration and M1 macrophage 

differentiation but also by enhancing the number of M2 macrophages, and 

thus the availability of antiinflammatory mediators (Aki et al. 2010). We 

believe that the bone loss observed in the group treated with 10 mg/kg 

olmesartan is supported by published data claiming that olmesartan acts as a 

potent antifibrotic drug to suppress proliferation, collagen synthesis, and 

the expression of profibrogenic cytokines in activated HSCs by blocking angio-

tensin II type 1 receptor (Kurikawa et al. 2003). On the other hand, a study 

performed in vitro showed that angiotensin (Ang) II accelerates osteoporosis 

by activating osteoclasts through the induction of RANKL.. An Ang II type 1 

receptor blockade such as olmesartan might become a novel therapeutic 

approach to prevent osteoporosis in hypertensive patients (Shimizu et al. 

2008). The next step ofour research group will be to examine, in 

hypertensive animais, whether reduction of bone loss occurs with a dose 

of 10 mg/kg and whether this reduction in bone loss can be maintained with 

a subsequent dose of 6 mg/kg. The anti-inflammatory activity of olmesartan 

was also observed in an experiment conducted in an animal model for acute 

myocardial infarction; in this study, a reduction was observed in the levels 

of TNF-α, IL-1β, and IL-6. (Sandmann et al. 2006). 

In the periodontium, the activation of IL-1β and TNF- α is known to 
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stimulate the degradation of connective tissue matrix, the activation of 

osteoclasts, and the resorption of bone (Graves et al. 2011; Graves 2008). 

IL-1 induces the release of MMPs, whereas TNF-α, which is present in 

inflamed gingival tissue, is involved in the destruction of tissue (Yamaguchi 

and Kasai 2005). These cytokines play key roles in the breakdown of 

periodontal tissue through collagenolytic enzymes such as MMPs. The 

inflamed tissue also expresses COX enzymes, which may play a role in 

the formation of arachidonic acid metabolites.  

MMPs are a group of proteolytic enzymes that mediate the degradation of 

extracellular matrix macromolecules, including interstitial and basement 

collagens, fibronectin, laminin, and proteoglycan core proteins. The 

excessive production of MMPs leads to accelerated matrix degradation, a 

condition that is associated with pathological conditions such as 

periodontitis (Rutkowski et al. 2012). Osteoblasts produce various MMPs 

such as MMP-1, MMP-2, MMP-13 (collagenase 3), and MMP-14 (MT1-

MMP), and they selectively produce MMP-9. The induction of specific 

MMPs (such as MMP-2, MMP-3, and MMP-13) in osteoblasts is 

essential for bone resorption (Kusano et al. 1998). In the present study, 

the downregulation of MMP-2 and MMP-9 was found following  the 

treatment of animais with 6 mg/kg olmesartan.  

Osteoblasts express RANKL as a membrane-associated factor in 

response to bone-resorbing factors such as IL-1β. The proteolytic 

cleavage of RANKL requires the participation of MMPs (Lynch et al. 

2005). RANKL expression is stimulated in osteoblasts and stromal cells 

by many of the same factors that are known to induce osteoclast 

formation and activity. Osteoclast precursors express RANK, which is a 

receptor for RANKL, and RANK-RANKL recognition induces the 

differentiation of the precursors into osteoclasts (Harada and Takahashi 

2011).  

In addition, osteoblasts express OPG, and this expression is regulated by 

most of the factors that induce RANKL expression in these cells. During the 

differentiation into osteoclasts, the upregulation of RANKL is associated 
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with the downregulation of OPG, or at least the reduced induction of OPG, 

such that the ratio of RANKL to OPG changes in favor of 

osteoclastogenesis (Theoleyre et al 2004; Lossdorfer et al 2011). 

In this study, olmesartan was found to reduce the expression of MMPs. 

In addition, a reduction was observed in the expression of RANKL in 

periodontal tissues following treatment with olmesartan, corresponding to 

an increase in the expression of OPG. These observations confirm the 

expression patterns of these proteins during the process of bone 

absorption/resorption.  

Based on the findings presented here, it can be concluded that the use of 

olmesartan in a rat periodontal disease model reduces the inflammatory 

process and, hence, reduces the expression of MMPs and RANK/RANKL. 

Thus, the use of olmesartan in hypertensive patients may have beneficial 

effects on the progression of periodontal disease, reducing inflammation 

and metalloproteinases, as well as on the formation and differentiation of 

osteoclasts, confirmed by decreased expression of RANK/RANKL. 

 

References 

 

Adams JL, Badger AM, Kumar S, Lee JC (2001) p38 MAP kinase: 
molecular target for the inhibition of pro-inflammatory cytokines. Prog 
Med Chem 38: 1-60  

 
Aki K, Shimizu A, Masuda Y, Kuwahara N, Arai T, Ishikawa A, Fujita E, 

Mii A, Natori Y, Fukunaga Y, Fukuda Y (2010) ANG II receptor blockade 
enhances anti-inflammatory macrophages in antiglomerular 
basement membrane glomerulonephritis. Am J Phy s i o l  Re n a l  
P hy s i o l  29 8 ( 4 ) : F8 70— F8 8 2   

 
Carvalho Rde S, de Souza CM, Neves JC, Holanda-Pinto SA, Pinto LM, 

Brito GA, de Andrade GM (2013) Vitamin E does not prevent bone loss 
and induced anxiety in rats with ligature-induced peri o d o n t i t i s .  
A r c h  O r a l  B i o l  5 8 ( 1 ) : 5 0 - 5 8   

 
Carvalho RS, de Souza CM, Neves JC, Holanda-Pinto SA, Pinto LM,  

Brito GA, de Andrade GM (2010) Effect of venlafaxine on bone loss 



 

 

94 

 

associated with ligature-induced periodontitis in Wistar rats. J  
N e g a t  R e s u l t s  B i o m e d  9 : 3   

 
de Molon RS, de Avila ED, Cirelli JA (2012) Host responses induced by  

different animal models of periodontal disease: a literature review.  J  
Inves t ig  Cl in  Den. doi :10.1111/ j icd.12018t 

 
Deo V, Bhongade ML (2010) Pathogenesis of periodontitis: role of 

cytokines in host response. Dent Today 29(9):60-62, 64-66; quiz 68-
69 

 
Gapski R, Barr JL, Sarment DP, Layher MG, Socransky SS, Giannobile 

WV (2004) Effect of systemic matrix metalloproteinase inhibition on 
periodontal wound repair: a proof of concept trial. J Periodontol 75(3): 
441-452. 

 
Gemmell E, Marshall RI, Seymour GJ (1997) Cytokines and prosta- 

glandins in immune homeostasis and tissue destruction in peri  
odontal  disease. Periodonto l 2000(14):112-143 

 
Giannobile WV (2008) Host-response therapeutics for periodontal 

diseas es .  J  Per iodonto l  79 (8 Sup pl ) :1592-1600  
 
Graves D (2008) Cytokines that promote periodontal tissue destruction. J  

P e r i o d o n t o l  7 9 ( 8  S u p p l ) : 1 5 8 5 - 1 5 9 1  
 
Graves DT, Li J, Cochran DL (2011) Inflammation and uncoupling as 

mechanisms of periodontal bone loss. J Dent Res 90(2):143-153  
 
Grenier D, Plamondon P, Sorsa T, Lee HM, McNamara T, Ramamurthy 

NS, Golub LM, Teronen O, Mayrand D (2002) Inhibition of proteolytic, 
serpinolytic, and progelatinase-b activation activities 
ofperiodontopathogens by doxycycline and the non-antimicrobial 
chemically modified tetracycline derivatives. J Periodontol 73(1): 79-
85. 

 
Harada S, Takahashi N (2011) Control of bone resorption by RANKL 

RANK sys tem.  C l in Calc ium 21(8):1121-1130  
 
Kendall C, Ionescu-Matiu I, Dreesman GR (1983) Utilization of the 

biotin/avidin system to amplify the sensitivity of the enzyme linked 
immunosorbent assay (ELISA). J Immunol Methods 56(3): 329-339 

 
 Kirkwood KL, Cirelli JA, Rogers JE, Giannobile WV (2007) Novel host 

response therapeutic approaches to treat periodontal diseases. 
Periodontol 2000(43):294-315 

 



 

 

95 

 

Kurikawa N, Suga M, Kuroda S, Yamada K, Ishikawa H (2003) An 
angiotensin II type 1 receptor antagonist, olmesartan medoxomil, 
improves experimental liver fibrosis by suppression of proliferation and 
collagen synthesis in activated hepatic stellate cells. Br J Pharmacol 
139(6):1085-1094 

Kusano K, Miyaura C, Inada M, Tamura T, Ito A, Nagase H, Kamoi K, Suda T 
(1998) Regulation ofmatrix metalloproteinases (MMP-2, -3, -9, and -13) by 
interleukin-1 and interleukin-6 in mouse calvaria: association of MMP 
induction with bone resorption. Endocrinology 139(3):1338-1345 

 
Leitao RF, Ribeiro RA, Chaves HV, Rocha FA, Lima V, Brito GA (2005) Nitric 

oxide synthase inhibition prevents alveolar bone resorption in experimental 
periodontitis in rats. J Periodontol 76(6):956-963 

 
Li Z, Chen XD, Ni SK, Li JW, Lin MS (2004) Olmesartan inhibits the expression 

of monocyte chemoattractant protein-1 and tumor necrosis factor-alpha and 
improves vascular remodeling after vascular injury in mouse. Chin J 
Traumatol 7(1):56-61 

 
Lossdorfer S, Gotz W, Jager A (2011) PTH(1-34)-induced changes in RANKL 

and OPG expression by human PDL cells modify osteoclast biology in a co-
culture model with RAW 264.7 cells. Clin Oral Investig 15(6):941-952 

 
Lynch CC, Hikosaka A, Acuff HB, Martin MD, Kawai N, Singh RK, Vargo-

Gogola TC, Begtrup JL, Peterson TE, Fingleton B, Shirai T, Matrisian LM, 
Futakuchi M (2005) MMP-7 promotes prostate cancer-induced osteolysis 
via the solubilization of RANKL. Cancer Cell 7(5):485-496 

 
Richards JB, Joseph L, Schwartzman K, Kreiger N, Tenenhouse A, Goltzman 

D (2006) The effect of cyclooxygenase-2 inhibitors on bone mineral 
density: results from the Canadian Multicentre Osteoporosis Study. 
Osteoporos Int 17(9):1410-1419 

 
Rutkowski P, Bylina E, Klimczak A, Switaj T, Falkowski S, Kroc J, Lugowska I, 

Brzeskwiniewicz M, Melerowicz W, Osuch C, Mierzejewska E, Wasielewski 
K, Wozniak A, Grzesiakowska U, Nowecki ZI, Siedlecki JA, Limon J (2012) The 
outcome and predictive factors of sunitinib therapy in advanced gastrointestinal 
stromal tumors (GIST) after imatinib failure - one institution study. BMC 
Cancer 12:107 

 
Safieh-Garabedian B, Poole S, Allchorne A, Winter J, Woolf CJ (1995) 

Contribution of interleukin-1 beta to the inflammation-induced increase in 
nerve growth factor levels and inflammatory hyperalgesia. Br J 
Pharmacol 115(7):1265-1275 

 
Sandmann S, Li J, Fritzenkotter C, Spormann J, Tiede K, Fischer JW, Unger T 

(2006) Differential effects of olmesartan and ramipril on inflammatory 



 

 

96 

 

response after myocardial infarction in rats. Blood Press 15(2):116-128 
 
Sanz M, van Winkelhoff AJ (2011) Periodontal infections: understanding the 

complexity-consensus of the Seventh European Workshop on 
Periodontology. J Clin Periodontol 38(Suppl 11):3-6 

 
Shimizu H, Nakagami H, Osako MK, Hanayama R, Kunugiza Y, Kizawa T, 

Tomita T, Yoshikawa H, Ogihara T, Morishita R (2008) Angiotensin II 
accelerates osteoporosis by activating osteoclasts. FASEB J 22(7):2465-
2475 

 
Souza MH, Troncon LE, Cunha FQ, Oliveira RB (2003) Decreased gastric 

tone and delayed gastric emptying precede neutrophil infiltration and 
mucosal lesion formation in indomethacin-induced gastric damage in rats. 
Braz J Med Biol Res 36(10):1383-1390 

 
Theoleyre S, Wittrant Y, Tat SK, Fortun Y, Redini F, Heymann D (2004) The 

molecular triad OPG/RANK/RANKL: involvement in the orchestration of 
pathophysiological bone remodeling. Cytokine Growth Factor Rev 15(6):457-475 

 
Vargova V, Pytliak M, Mechirova V (2012) Matrix metalloproteinases. EXS 

103:1-33 
 
Vestergaard P, Hermann P, Jensen JE, Eiken P, Mosekilde L (2012) Effects 

of paracetamol, non-steroidal anti-inflammatory drugs, acetylsalicylic acid, 
and opioids on bone mineral density and risk of fracture: results of the 
Danish Osteoporosis Prevention Study (DOPS). Osteoporos Int 23(4):1255-
1265 

 
Yamaguchi M, Kasai K (2005) Inflammation in periodontal tissues in response 

to mechanical forces. Arch Immunol Ther Exp (Warsz) 53(5):388-398 
 
Yen CA, Damoulis PD, Stark PC, Hibberd PL, Singh M, Papas AS (2008) The 

effect of a selective cyclooxygenase-2 inhibitor (celecoxib) on chronic 
periodontitis. J Periodontol 79(1):104-113 

 
 
 
 
 
 
 
 
 

 



 

 

97 

 

5.4 O artigo “Effect of telmisartan on levels of IL-1, TNF-α, down-regulated 

COX-2, MMP-2, MMP-9, and RANK/RANKL in a experimental periodontitis 

model” foi publicado no periódico Journal of Clinical Periodontology, que possui 

fator de impacto 3,6100 e Qualis A2 da CAPES para a área Medicina II. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

98 

 

Effect of telmisartan on levels of IL-1, TNF-a, 
down-regulated COX-2, MMP-2, MMP-9 and 

RANKL/RANK in an experimental periodontitis 
model. 

 

 

Araujo AA, Souza TO, Moura LM, Brito GAC, Aragao KS, Araujo LS, 

Medeiros CAX, Alves MSCF, Araujo Jr RF. Effect of telmisartan on levels of 

IL-1, TNF-a, down-regulated COX-2, MMP-2, MMP-9, and RANKL/RANK in 

an experimental periodontitis model. J Clin Periodontol 2013; 40: 1104–1111. 

doi: 10.1111/jcpe.12160. 

 
Aurigena A. Araujo1, Tatiana O. Souza2, Lıgia M. Moura3,4, Gerly A. C. Brito5, 

Karoline S. Aragao6, Lorena S. Araujo7, Caroline A. X. Medeiros8, Maria S. C. F. 
Alves9 and Raimundo F. Araujo Jr10  

 
1Post graduation Program Public Health/Post Graduation Program in 

Pharmaceutical Science, Department of Biophysics and Pharmacology, UFRN, Natal, Brazil; 
2Post Graduation Program Health Science, UFRN, Natal, Brazil; 3Post Graduation 
Program Public Health, UFRN, Natal, Brazil; 4Potiguar University, UNP, Natal, Brazil; 
5Post Graduation Program in Pharmacology, Department of Morphology, UFC, Fortaleza, 
Brazil; 6Department of Physiology and Pharmacology, UFC, Fortaleza, Brazil; 
7Department of Dentistry, UFRN, Natal, Brazil; 8Post Graduation Program in 
Health and Society, UERN, Mossoro, Brazil; 9Post graduation Program Health 
Science/Post Graduation Program Public Health, UFRN, Natal, Brazil; 10Post Graduation 
Program in Functional and Structural Biology/Post Graduation Program Health Science, 
Department of Morphology, UFRN, Natal, Brazil 

 

 

Abstract 

 

Aim: The aim of this study was to evaluate the effect of telmisartan (TELM) 

on inflammation, oxidation and the expression of matrix metalloproteinases 

(MMPs) and the expression RANKL/RANK/OPG in the periodontal tissue of a 

rat model for ligature-induced periodontitis. Materials and methods: Male 

Wistar albino rats were randomly divided into five groups of 10 rats each: (i) 
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non-ligated, given water; (ii) ligated, given water; (iii) ligated, given 1 mg/kg 

TELM; (iv) ligated, given 5 mg/kg TELM; and (v) ligated, given 10 mg/kg 

TELM. All groups were treated with saline or TELM for 10 days. Periodontal 

tissue was analysed by histopathology; by the immunohisto-chemical 

examination of COX-2, MMP-2, MMP-9 and the RANKL/RANK/OPG 

pathway; and by ELISA analysis of the levels of IL-1b, IL-10, TNF-α, 

myeloperoxidase (MPO), malonaldehyde (MDA) and glutathione (GSH). 

Results: Treatment with 10 mg/kg TELM resulted in reduced concentrations 

of MPO, MDA (p < 0.05) and the pro-inflammatory cytokine IL-1b (p < 0.05); 

reduced expression of MMP-2, MMP-9, RANK, RANKL and COX-2; and an 

increase in OPG. The levels of TNF-α were significantly reduced in all TELM-

treated groups. Conclusions: These findings confirm the involvement of 

TELM in reducing the inflammatory response, oxidative stress and bone loss 

in ligature-induced periodontitis in rats. 

 

Key words: anti-inflammatory; bone loss; periodontitis model; telmisartan 
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Periodontal disease is a chronic infectious and inflammatory disease of 

the gums and supporting tissues. Gingival inflammation that accompanies 

this disease can lead to damage of the supporting connective tissues and 

loss of anchoring the teeth to the jawbone. Specific anaerobic  bacteria  

within  periodontal pockets are thought to be responsible for periodontal 

disease, and as the infection takes hold, a cascade of tissue-destructive 

pathways ensues, fuelled by inflammatory mediators (Williams et al. 2008). 

Bacteria are essential for the occurrence of periodontitis, but they alone 

are insufficient to cause the disease. For periodontitis to develop, a 

susceptible host is required. Most periodontal breakdown (bone 

andattachment loss) is caused by destructive enzymes in the host, such as 

matrix metalloproteinases (MMPs) and inflammatory mediators 

(prostaglandins and interleukins) that areactivated as part of the 
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inflammatoryresponse (Page 1999, Elavarasu et al.2012). Several 

modulating agents havebeen   investigated   as   potential therapy for  

periodontal  disease, including    antiproteinases,    anti-inflammatory drugs 

and bone-spar-ing drugs (Elavarasu et al. 2012). Anti-inflammatory drugs 

have beenused as modulators of the host immune response.  These agents 

reduce the activation of prostaglan-dins and cytokines involved in 

theinflammatory process; however, thesedrugs have side effects, such as 

gastrointestinal symptoms, leeding, renal and hepatic impairment and 

accelerated bone loss when stopped abruptly (Howell & Williams 1993,Salvi 

& Lang 2005, Bhatavadekar &Williams 2009). 

Improved knowledge and better elucidation of the host mechanisms that 

participate in the pathogenesis of periodontal disease have led to the 

proposal of novel agents aimed at modulating the host response by inhibiting 

inflammatory mediators. TELM, an angiotensin II receptor blocker (ARB), has 

been implicated as an anti-inflammatory agent that suppresses the tumour 

necrosis factor (TNF)-a-induced activation of nuclear factor (NF)-jB in 

vascular endothelial  cells  (Nakano  et al. 2009). These authors investigated 

the effects of TELM on insulin resistance in rats treated with a high-fat diet 

and found that the drug significantly reduced the serum levels of TNF-a and 

interleukin (IL)-1b. In general, ARBs are well tolerated. None of the drugs 

reviewed has been found to cause a specific, dose-dependent adverse 

effect. The most common adverse reactions that have occurred in at least 

2% of patients include dizziness, fatigue, diarrhea, dyspepsia, abdominal 

pain, arthralgia, pain, coughing and sinusitis (Kario 2005). The aim of present 

study was to determine the efficacy of TELM in treating periodontal disease. 

 

Materials and Methods 

 

Animals 

 

The experiments were performed on male Wistar rats (180–220 g) housed 

in standard conditions (12 h light/dark cycle and 22 Æ 0.1°C), with ad 
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libitum access to food and water. The protocol for experimental procedures 

and animal treatment was approved by the Animal Ethics Committee (No. 

28/2012) of the Federal University of Rio Grande do Norte, Brazil.  

 

Model for experimental periodontitis (EPD) 

 

Anaesthesia was induced in the rats by the IP injection of 10% ketamine 

(70 mg/kg Quetamina; Vetnil, São Paulo, Brazil) and 2% xylazine (10 mg/kg 

Calmium; São Paulo, Brazil). EPD was induced by the placement of a sterile 

nylon thread ligature (3-0; Polysuture, NP45330,  São Paulo, Brazil) around 

the cervix of the maxillary left second molar. Eleven days after the initial 

treatment, the animals were killed with 20 mg/kg thiopental    (0.5 g    

Thiopentax; Cristalia, Sao Paulo, Brazil). 

 

Drug treatments 

 

For the treatment, TELM (Micardis; Boehringer Ingelheim, São Paulo, 

Brazil) was dissolved in distilled water (the vehicle). All treatments (TELM or 

vehicle) were administered by oral gavage 1 h before ligation (induction of 

EPD) and thereafter once daily for 10 days. The animals were assigned 

randomly to the following five groups of 10 rats each: (i) a non-ligated group 

that received water (NL), (ii) a ligated group that received water (L), (iii) a 

ligated group treated with 1 mg/kg TELM, (iv) a ligated group treated with 5 

mg/kg TELM and (v) a ligated group treated with 10 mg/kg TELM. The 

selection of animal drug doses was not based on human dosage because the 

two species have different genetic features that affect the pharmacokinetics 

of the drug. Dosage was based on in vivo studies that examined the action of 

the drug on blood pressure in rats (Wienen et al. 1993, 2001). 

 

Measurement of alveolar bone loss (ABL)  

 

The excised maxillae were fixed in 10% neutral formalin for 24 h. Both 
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maxillary halves were then defleshed and stained with 1% aqueous 

methylene blue to differentiate bone from tooth. Measurements of bone loss 

were made along the length of each root surface of each molar. The ABL 

was measured in the five experimental groups, sample jaws of 10 per group 

(five ligated and five non-ligated animals). Three entries each were made for 

the first molars (three roots each) and two entries for the second and third 

molars (two roots each).The total alveolar bone loss was obtained by taking 

the sum of the measurements from the buccal tooth surfaces and subtracting 

the values of the right maxilla (no ligated control) from those of the left 

maxilla, in mm (Carvalho Rde et al. 2013). Morphometric analysis of the 

alveolar bone was performed with standardized digital photography (Olympus 

SC30, Olympus Corporation, Tokyo, Japan), and the distance (mm) was 

measured with Image Software (analysis getIT 5.1, Olympus Corporation). 

 

Histopathological analysis 

 

The immunohistochemical analysis and the histological scores of the 

periodontal tissues were conducted by two calibrated oral pathologists 

(R.F.A. Jr and A.A.A.). The sectioning was performed in the Morphology and 

Oral Pathology laboratory and subsequently analysed by light microscopy in 

the Department of Morphology. Five jaws per group were used. The alveolar 

bone specimens were harvested, fixed in 10% neutral-buffered    formalin    

and demineralized in 5% nitric acid. Following these treatments, the 

specimens were dehydrated, embedded in paraffin and sectioned along the 

molars in the mesiodistal plane for H&E staining. Sections of 4 lm thickness, 

corresponding to the area between the first and second molars where the 

ligature had been placed, were evaluated by light microscopy (940   

magnification).   Parameters such as inflammatory cell influx and integrity of 

the alveolar bone and cementum were analysed by a histologist in a single-

blind fashion and graded as follows: A score of 0 indicated that inflammatory 

cell infiltration was absent or sparse and was restricted to the region of the 

mar ginal gingiva, and that the alveolar process and cementum were 
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preserved; a score of 1 indicated moderate cellular infiltration (inflammatory 

cellular infiltration present on the entire gingival insert), minor alveolar 

resorption and intact cementum; 2 indicated accentuated cellular infiltration 

(inflammatory cellular infiltration present in the gingiva and in the periodontal 

ligament), accentuated degradation of the alveolar process and partial 

destruction of the cementum; and 3 indicated accentuated cellular infiltration, 

complete resorption of the alveolar process and severe destruction of the 

cementum (Leitão et al. 2005). 

 

Immunohistochemical analysis of COX-2, MMP-2, MMP-9, RANK-L, 

RANK and OPG  

 

Thin sections of periodontal tissue (4 lm) (three jaws per group) were 

obtained with a microtome and were transferred to gelatine-coated slides. 

Each tissue section was then deparaffinized and rehydrated. The gingival 

and periodontal tissue slices were washed with 0.3% Triton X-100 in 

phosphate buffer, quenched with endogenous peroxidase (3% hydrogen 

peroxide), and incubated with the following primary antibodies (Santa Cruz 

Biotechnology, INTERPRISE, Sao Paulo, Brazil) overnight at 4°C: 

cyclooxygenase-2 (COX-2), 1:400;   matrix   metalloproteinase (MMP)-2, 

1:400; MMP-9, 1:400; receptor activator of the NF-kB ligand (RANK-L), 

1:400; receptor activator of NF-jB (RANK), 1:400; and osteoprotegerin 

(OPG), 1:400. After the slices were washed with phosphate buffer, they were 

incu- bated with a streptavidin-HRP-conjugated secondary antibody (Biocare 

Medical, Concord, CA, USA) for 30 min., and immunoreactivity to COX-2, 

MMP-2, MMP-9, RANK, RANK-L and OPG was visualized using a 

colorimetric-based detection kit following the protocol provided by the 

manufacturer (TrekAvidin- HRP Label + Kit from Biocare Medical, Dako). 

 

Myeloperoxidase (MPO) assay 

 

The extent of neutrophil accumulation in the gingival samples was 
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measured by assaying MPO activity. Gingival samples (five samples per 

group) were harvested as described above and stored at 70°C until required 

for assay. After homogenization and centrifugation (2000 g for 20 min.), MPO 

activity in these samples was determined by a colorimetric method described 

previously (Souza et al. 2003). The results were reported as units of MPO 

per milligram of tissue. 

Malonaldehyde (MDA) levels 

 

To assess lipid peroxidation, MDA production was measured with a 

thiobarbituric acid reaction in gingival tissue from the rats. The tissue (five 

samples  per  group)  homogenate (0.25 ml of 10% tissue prepared in 0.15 M 

KCl) was added to a thiobarbituric acid solution (1.5 ml of 1% H3PO4 and 

500 ll of a 0.6% thiobarbituric acid aqueous solution), and the mixture was 

placed in a water bath and heated for 45 min. at 100°C. Next, 2 ml of n-

butanol P.A. was added, and the mixture was homogenized and then 

entrifuged at 40,816 g for 15 min. at 4°C. The absorbance of the butanol 

layer was measured at 520 nm (A1) and 535 nm (A2) (Genesys 10s UV-VIS; 

Thermo Fisher Scientific, Lough-borough, UK) The concentration of MDA 

was calculated as (A2 À A1), expressed as nmol of MDA per gram of gingival 

tissue. Glutathione (GSH) assay Glutathione levels in the gingival tissues 

were measured as a marker for antioxidant activity. The gingival samples 

(five samples per group) were removed and stored at 70°C until required for 

the assay. Gingival tissue homogenate (0.25 ml of a 5% tissue solution 

prepared in 0.02 M EDTA) was added to 320 ll of distilled water and 80 ll of 

50% TCA. The samples were then centrifuged at 2551 g for 15 min. at 4°C. 

The supernatant (400 ll) was added to 800 ll of 0.4 M Tris-buffer at pH 8.9 

and 20 ll of 0.01 M DTNB. The absor- bance of each sample was measured 

at 420 nm, and the results were reported as units of MPO per milligram of 

tissue. 

 

IL-1b, Il-10 and TNF-α assay 
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The gingival sample tissues were stored at 70°C until required for each 

assay. The tissue collected was homogenized   and   processed   as 

described by (Safieh-Garabedian et al. 1995). Levels of IL-1b (detection 

range: 62.5–4000 pg/ml; sensibility or lower limit of detection: 12.5 ng/ml of 

recombinant mouse IL-1b), IL-10 (detection range: 62.5–4000 pg/ml; 

sensibility or lower limit of detection: 12.5 ng/ml of recombinant mouse IL-10) 

and TNF-α (detection range: 62.5–4000 pg/ml; sensibility or lower limit of 

detection: 50 ng/ml of recombinant mouse TNF-α) in the gingival samples 

(samples per group) were determined with a commercial ELISA kit (R&D 

Systems, Minneapolis, MN, USA), as described previously (Kendall et al. 

1983). All the samples were within the wavelength used in UV-VIS 

spectrophotometry (absorbance measured at 490 nm). Briefly, microtitre 

plates were coated overnight at 4°C with antibodies against mouse TNF-α, 

IL-1β and Il-10. After the plates were blocked, the samples and standards 

were added at various dilutions in duplicate and incubated at 4°C for 24 h. 

The plates were washed three times with buffer. The following antibodies 

were then added to the wells: biotinylated sheep polyclonal anti- TNF-α, anti-

IL-1 β or anti-IL-10 (diluted 1:1000 with 1% BSA assay buffer). After further 

incubation at room temperature for 1 h, the plates were washed, and 50 ll of 

avidin-HRP (diluted 1:5000) was added. The colour reagent o-

phenylenediamine (50 ll) was added 15 min. later, and the plates were 

incubated in the dark at 37°C for 15–20 min. The enzyme reaction was 

stopped with H2SO4, and absorbance was measured at 490 nm. The 

resulting values were expressed in pg/ml. 
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Fig. 1. Effect of Telmisartan treatment on alveolar bone loss associated with experimental 

periodontitis (EP) IN RATS. Values are expressed as means ±SEM (###p< 0,001, *p< 0,05; 

determined with ANOVA and Turkey’s test). 

 
Fig. 2. (a) Superior: Left/Below: Right, Samples from the NL group, with no resorption of the 
alveolar bone. (b) Superior: Left/Below: Right, Samples from the L group, where severe bone 
resorption with root exposure is observed (arrows). (c) Superior: Left/Below: Right, Samples 
from the L group treated with Telmisartan 10 mg/Kg, where decreased bone resorption is 
observed (arrows). Images were obtained at an original magnification of 1.7x. 
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Results 

 

Effect of TELM treatment on alveolar bone loss in rats with EPD 

 

Rats with EPD (L) showed significant alveolar bone loss compared with NL 

(NL = 1.4 Æ 0.07 mm; L = 7.02 Æ 0.17 mm; p < 0.001). It was observed that 

treatment with TELM 10 mg/kg reversed the alveolar bone loss caused by EP 

(TELM 10 mg/kg    4.1 Æ 0.8; p < 0.05) (Fig. 1). These data are shown in 

Fig. 2a, which also shows the macroscopic aspects of the NL group (SO) 

with no resorption of the alveolar bone compared with the L group (EPD), in 

which severe bone resorption with root exposure was observed (Fig. 2b). 

Figure 2c shows the macroscopic appearance of periodontium subjected to 

EPD and treated with TELM 10 mg/kg, wherein decreased bone loss was 

observed. 

Histological analysis 

 

Alveolar bone loss was reduced in the EPD-induced animals treated with 

10 mg/kg TELM compared with the EPD-induced animals treated with 1 

mg/kg TELM (p < 0.05). This result can be clearly observed 

histopathologically: discrete cellular infiltration restricted to the region of the 

marginal gingiva, preservation of alveolar bone, and intact cementum in the 

group treated with 10 mg/kg TELM (Fig. 3a). Histological analysis of the 

region between the first and second molars of the NL group shows that the 

structure of the periodontium is normal and that the gingiva, periodontal 

ligament alveolar bone and cementum can be observed (Fig. 3). 
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Fig. 3. Microscopic analysis. (a) Normal periodontium and (b) periodontium from a rat 
presenting with periodontitis (treated with saline) showing alveolar bone and cementum 
resorption (discontinuous cementum) and inflammatory cell infiltration. (c) Reduced 
inflammation and decreased alveolar bone loss in the periodontium of rats treated with 
telmisartan (10 mg/kg) for 10 days. Sections were stained with H&E. Microscopic original 
magnification at 409. Scale bars = 100 lm. G = gingiva; PL = Periodontal ligament; D = 
dentin; AB = alveolar bone; C = cementum; a = bone loss; b = resorption of cementum; c = 
inflammatory process; e, f = decreased inflammation process and bone loss. 

 
 
The periodontial histopathology of the animals subjected to EPD that 

received no treatment (L) revealed inflammatory cell infiltration coupled with 

severe destruction of the cementum and alveolar process, with animals of 

this group receiving a median score of 3 (Fig. 3b; Table 1). The 10 mg/kg 

TELM treatment prevented the inflammation induced by EPD (Fig. 3c), with 

animals of this group receiving a median score of 1(Williams et al. 2008, 

Elavarasu et al. 2012) (Table 1). 
 

Table 1. Histological analysis of inflammatory response in periodontal disease model, 
Natal, RN, 2013. 

NL Median# 
(Q1-Q3)# 

L Median# 
(Q1-Q3)## 

TELM 1 mg/kg 
Median# 

(Q1-Q3)## 

TELM 5 mg/kg 
Median# 

(Q1-Q3)## 

TELM 10 
mg/kg 

Median# 
(Q1-Q3) 

0 (0-0) 3(3-3)** 3(2-3)* 2(2-3) 1(1-2) 

Effect of Telmisartan (TELM) treatment on alveolar bone loss associated with 

experiemental periodontitis (EP) in rats. Values are expressed as median (50th percentile) 

and first quartile (designated Q1), 25th percentile/third quartile (designated Q3), 75th percentile 

(**p< 0,001, *p<0,05, #p < 0,05, ##p < 0,01; determined by Kruskal-Wallis test with the Dunn 

posttest). 

 

Immunohistochemical analysis on markers of inflammation and bone loss 
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Compared with that of the NL, the periodontium of rats subjected to EPD 

(L) showed marked immunostaining for the following antibodies: COX-2, 

MMP-2, MMP-9, RANK-L and RANK (NL-saline, Fig. 4a, d, g, i and m; L-

saline, Fig. 4b, e, h, k and n). However, TELM (10 mg/kg) reduced the 

immunostaining of COX-2, MMP-2, MMP-9, RANK-L and RANK in the 

periodontium of rats submitted to EPD (Fig. 4c, f, i, l and o). OPG 

immunostaining was observed to a mild extent in the periodontium of the L 

group and to a moderate extent in the NL group, while intense staining was 

observed for OPG in the group treated with 10 mg/kg TELM. 
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Fig. 4. Photomicrographs of periodontal tissue of rats subjected to PD and treated with 
telmisartan, showing the immunoreactivity to MMP-2, MMP-9, COX-2, RANK, RANK-L 
and OPG. Rats subjected to saline (a, d, g, j, m, p); rats subjected to PD (b, e, h, k, n, q); 
rats subjected to EPD and treated with telmisartan (10 mg/kg) (c, f, i, l, o, r). Images are 
shown at 409 magnification. Bar scale = 100 lm. The arrow indicates high or moderate 
labelling of the antibody in the periodontal ligament or in the aveolar bone. The asterisk 
indicates moderate labelling of the antibody in the osteoblasts. The triangle and arrow 
indicate moderate labelling of the OPG antibody in osteoclasts. 
 
 
Effect of TELM treatment in inflammatory activity 

 

MPO activity was increased in the L group compared with that of the NL 

group (p < 0.05). The group treated with 10 mg/kg TELM showed a reduced 

concentration of MPO compared with that of the L group (p < 0.05) (Fig. 5). 

The levels of the proinflammatory cytokine IL-1β were decreased in the 

group treated with 10 mg/kg TELM (p < 0.01), and the levels of TNF-α were 

significantly reduced following treatment with any of the doses of TELM (Fig. 

6). The levels of IL-10 in the group treated with TELM did not differ from 

those of the control groups (p > 0.05) 
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Effect of TELM treatment on markers of oxidative stress 

 

The treatment of EPD-induced rats with 10 mg/kg TELM reduced the 

activity of MDA (p < 0.05) but not the levels of GSH (p > 0.05) compared with 

those of the L group (Fig. 5). 

 

 

Fig. 5. Levels of MPO, MDA and GSH, in 
group NL, L and groups treated with 1, 5 
and 10 mg/kg telmisartan (#;*p < 0.05; 
###p < 0.001, determined with ANOVA and 
Tukey’s test). 

Fig. 6. Levels of IL-1β, IL-10 and TNF-α, in 
group NL, L and telmisartan 1, 5 and 10 
mg/kg (#, *p<0,05; **p<0,01; ***p<0,001; 
###p<0,001, determined with ANOVA and 
Tukey’s test). 
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Discussion 

 

In this study, we examined the preventive effects of TELM on the 

inflammatory events and bone loss associated with periodontal disease. We 

used ligature-induced periodontitis in rats as a model system for the study 

because it is a highly reproducible experimental model in which the ligation 

acts as mechanical trauma to the dentogingival area, thereby reducing tissue 

integrity and allowing for an intense host-bacterial interaction, and finally, the 

formation of bacterial plaque (Lima et al, 2000) have shown that the 

placement of a nylon thread around the second upper molar induced 

significant alveolar bone loss commencing on day 3 of periodontal induction,  

reaching  a  maximum between days 7 and 11, and declining on day 14. 

Under conditions of inflammation, the response of the host is leucocyte 

migration. Leucocytes release MPO (Malle et al. 2007). Cytokines such as 

TNF and interleukin 1 (IL-1) promote leucocyte extravasation by increasing 

the levels of leucocyte adhesion molecules on endothelial cells (Newton & 

Dixit 2012). IL-1 and TNF contribute substantially to the pathological bone 

loss that often occurs  with  periodontal  disease (Graves et al. 2011).  

In addition, IL-1 stimulates   osteoclastogenesis   and bone resorption, 

largely through up- regulation of the RANK and RANKL, whereas TNF 

stimulates osteoclasto genesis directly or indirectly through RANKL (Wei et 

al. 2005). 

Furthermore, IL-1 and TNF can up-regulate the synthesis of MMPs in 

macrophages, fibroblasts, osteoblasts and osteoclasts (Ramamurthy et al. 

2002). MMPs are a family of related zinc-containing proteinases that can 

degrade most of the extracellular matrix. It has been reported that the 

induction of MMPs (such as MMP-2) in osteoblasts is essential for bone 

resorption (Kusano et al. 1998). 

Excessive   production   of MMP-2, combined with the selective production 

of MMP-9, can lead to the acceleration of matrix degrada tion in pathological 

conditions such as periodontitis (Kusano et al. 1998). Osteoblasts express 

RANKL as a membrane-associated    factor    in response to bone-resorbing 
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factors such as IL-1. Osteoclast precursors possess  RANK,  a  receptor  for 

RANKL, and RANK-RANKL recognition induces differentiation of 

precursors into osteoclasts (Harada & Takahashi 2011). 

Pro-inflammatory cytokines (such as IL-1β, IL-6, IL-11 and IL-17) and 

TNF-α stimulate the expression of RANKL and reduce the expression of 

OPG, leading to osteoclastogenesis and bone resorption (Nakashima et al. 

2000). The effects induced by RANKL are counteracted by OPG, which acts 

as a soluble decoy receptor, thereby inhibiting the terminal stages of 

osteoclast differentiation, suppressing the activation of matrix osteoclasts, 

and inducing apoptosis. In this way, bone remodelling is controlled by a 

balance between RANK–RANKL binding and OPG production (Tobon-

Arroyave et al. 2012). 

The primary effect reported for TELM is the suppression of TNF-α induced 

IL-6 gene promoter activity (Nakano et al. 2009, Tian et al. 2009); this 

suppression can directly interfere  with  various  signaling pathways including 

both the activation of MMPs and the expression of the RANK gene, implying 

that it might affect the inflammation and bone loss associated with 

periodontal disease. 

In this study, the 10 mg/kg dose of TELM reduced the levels of TNF-α and 

IL-1, and leucocyte migration was confirmed by the observed reduction in 

MPO levels. In addition, this dose of TELM reduced the expression of COX-2 

in tissues. The macroscopic findings were corroborated by histological 

analysis, which revealed a partial preservation of the alveolar bone, 

cementum and periodontal ligament, as well as a reduction of the 

inflammatory infiltrate in animals receiving TELM. Higher doses of TELM 

significantly preserved the alveolar bone and reduced inflammatory infiltrate. 

The initial step in inflammation involves the migration of leucocytes, such 

as polymorphonuclear neutrophils (PMNs), to the challenged site. As the first 

cells to migrate, PMNs release enzymes, such as MPO. The inflammatory 

infiltrate observed histologically in periodontal tissue may indicate the 

presence of PMNs.  The  use  of TELM reduced MPO activity because of a 

reduction in the number of PMNs in the area. Studies have shown that the 
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recruitment and activation of PMNs constitutes the front line of the acute     

host-inflammatory response, represents the main source of PGE2, and 

promotes the initiation of bone metabolism breakdown by stimulating 

osteoclasts. Therefore, the ability to reduce neutrophilia seems to be 

important for reducing inflammatory bone loss. 

Another   effect   of   TELM observed in this study was the reduction of 

MDA, which indicates that TELM regulates oxidative stress-signalling 

pathways. In a study by Suda et al. (2013) that investigated the effect of 

TELM on the progression of periodontitis in a mouse model of Marfan 

syndrome, the authors concluded that treatment with TELM significantly   

suppressed   alveolar bone resorption and decreased the levels of TGF-β, IL-

17 and TNF-α. 

Telmisartan is an antagonist of angiotensin II. Its use can be beneficial for 

treating periodontal disease by promoting greater blood flow to the tissues. 

Angiotensin can induce direct pro-oxidative effects on the vascular 

endothelium through the formation of reactive species within the endothelium 

via a new family of NADPH oxidative subunits (Cai et al. 2003). Angiotensin-

converting enzyme inhibition in vivo reduces the apparent formation of 

reactive oxidants (Hamed & Malek 2007). The potential importance of 

vascularization quality on periodontal healing was demonstrated by 

(Cetinkaya et al. 2007). 

By this means, cytokines TNF-α and IL-1 are reduced to a lower pro 

duction of MMPs, because this study confirmed that TELM reduced the 

expression of MMP-2, which is essential for the activation of 

osteoclastogenesis and for reducing the tissue expression of MMP-9 in 

osteoclasts. These data were further confirmed by analysing the expression 

of RANKL and OPG. The ratio of OPG to RANKL is critical for controlling 

osteoclast activity and bone resorption.   In   our   study,   we observed a 

decrease in the expression of RANK and RANKL in periodontal tissues 

following treatment with TELM, as well as an increase in OPG expression. 

Although we found favourable results in reducing inflammation and bone 

loss, this study was conducted on healthy animals. The response to 
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periodontal disease depends on the vasculature, as vasoconstriction can 

affect healing. For these reasons, our group will aim in the future to confirm 

these findings in hypertensive rats. 

From this study, we conclude that in a periodontal disease animal model, 

the use of TELM reduced the levels of TNF and IL-1. Reduction of these 

cytokines might have led  to  the  down-expression  of RANKL  and  MMP-2  

that  we observed. In addition, TELM was confirmed to control the activation 

of osteoclasts by increasing the expression of OPG, thereby reducing bone 

loss. These findings suggest that the use of TELM as an antihypertensive in 

patients may slow the progression of inflammation and bone loss in 

periodontal disease. 
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Clinical Relevance 

 

Scientific rationale for the study: Improved knowledge and better 

elucidation of the host mechanisms that participate in the pathogenesis of 

periodontal disease have led to the proposal of novel agents aimed at 

modulating the host response by inhibiting inflammatory mediators. 

Telmisartan (TELM), an angiotensin II receptor blocker (ARB), has been 

implicated as an anti-inflammatory agent that suppresses the tumour 

necrosis factor (TNF)-α induced activation of nuclear factor (NF)-kB  in  
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vascular  endothelial cells. 

Principal findings: We found that treatment  with  10 mg/kg  TELM resulted 

in reduced concentrations of MPO, MDA (p < 0.05) and the proinflammatory 

cytokine IL-1β (p < 0.05); reduced expression of MMP-2, MMP-9, RANK, 

RANKL and COX-2; an increase of OPG. TNF-α levels were significantly 

reduced in all TELM-treated groups. These findings confirm the involvement 

of telmisartan in reducing the inflammatory response, oxidative stress and 

bone loss in experimental rat periodontitis. 

Practical implications: Given the extensive use of anti-hypertensive drugs, 

combined with the fact that periodontal disease affects adults and the elderly, 

we decided to investigate the effect of TELM in reducing the risk for 

periodontal disease, confirmed by low levels of proinflammatory markers and 

by analysing markers of tissue destruction and bone remodelling. 
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6. COMENTÁRIOS, CRÍTICAS E SUGESTÕES 
 

O projeto inicial desta pesquisa visava avaliar o efeito anti-inflamatório do 

anti-hipertensivo Telmisartan em modelos experimentais de periodontite e 

mucosite oral induzidos em ratos. Entretanto, durante as atualizações da 

revisão literária foi observada a crescente associação da doença periodontal, 

que atualmente apresenta apenas tratamento local, com a causa ou 

exacerbação de doenças sistêmicas: cardiocirculatórias, renais, diabetes, 

problemas na gestação, dentre várias outras. O que instigou a curiosidade 

sobre a atuação de drogas sistêmicas sobre a doença periodontal isolada e 

localmente, assim como seus efeitos sobre marcadores inflamatórios 

sistêmicos. E os resultados positivos alcançados inicialmente com o fármaco 

Telmisartan durante o desenvolvimento dos experimentos laboratoriais 

serviram de estímulo e impulso para a pesquisa da ação de mais três 

fármacos, dois anti-hipertensivos: o Carvedilol e o Olmesartan, e uma 

estatina, o Atorvastatin. Em suma, foram adicionados mais três fármacos à 

pesquisa, e o modelo de mucosite oral foi abolido do estudo. 

Os resultados alcançados apontam para o sucesso dos fármacos 

testados no tratamento sistêmico da doença periodontal. Salientando que o 

tratamento atual é local e depende da realização adequada de higienização 

bucal do paciente, e a possibilidade de utilizar um fármaco que promova a 

neoformação óssea independentemente de possibilidades e habilidades de 

práticas de higiene bucal, é altamente valorosa.  

Principalmente, quando se faz referência à pacientes idosos, 

prevalentemente os mais acometidos pela doença periodontal, e a indivíduos 

de situação econômica desfavorável, que possuam dificuldade de acesso à 

práticas preventivas e curativas odontológicas.  

Deve ser ressaltado que a pesquisa foi realizada em animais de pequeno 

porte, devendo prosseguir em esferas maiores para que se possa comprovar 

realmente a eficácia ou não dos achados dessa pesquisa em humanos. 
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A realização desta pesquisa e a possibilidade de inserção no grupo de 

pesquisas sobre fármacos e doenças inflamatórias do Biociências da UFRN, 

foi de suma importância no sentido da possibilidade de ampliar horizontes de 

conhecimento, já que anteriormente, durante mestrado, realizei pesquisas 

que envolviam biomateriais odontológicos, mas não tive oportunidades de 

vivenciar os experimentos in vivo. Além de proporcionar conhecimentos 

sobre: Estresse Oxidativo, Farmacolologia, Imunologia, Patologia e 

Periodontite, áreas das quais havia me distanciado durante a realização do 

mestrado e atividade profissional.   
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8. ANEXOS 

 8.1. PROTOCOLO Nº 028/2012 

 


