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RESUMO

Objetivos: Avaliar a eficacia da associacdo de um inibidor de bomba de prétons (omeprazol)
com Ca(OH),, como medicacao intracanal em dentes de ratos com lesdes periapicais.
Metodos: As lesbes periapicais foram induzidas pela abertura do primeiro molar inferior
direito de 36 ratos Wistar, machos (seis por grupo); as cavidades foram deixadas abertas por
28 dias. Ap0s esse periodo, o canal distal de cada dente foi preparado, preenchido com as
respectivas medicac6es (Controle Negativo - PEG 400; Controle Positivo - Ca (OH), + PEG
400; Teste - Ca (OH), + Omeprazol + PEG 400) e seladas com amalgama por 15 ou 28 dias.
As amostras microbioldgicas foram coletadas em trés periodos: S1 - ap6s 28 dias de inducgédo
da lesdo; S2 - ap0Os o preparo biomecanico; S3 - apds 15 ou 28 da medicacdo. Os animais
foram de eutanasiados e os dentes processados para analise radiografica e histoldgica.
Resultados: Foi observado, por meio de andlise radiografica e histologica, que em ambos 0s
grupos teste e controle positivo ocorreu uma reducdo das areas de lesdo periapical, em 28
dias, quando comparados ao grupo controle negativo. A reducdo das lesbes periapicais e do
infiltrado de células inflamatdrias foi significativamente maior com a associacdo de
omeprazol ao Ca(OH),, sendo observada uma maior area de reparo 6sseo. A avaliacdo
microbiologica mostrou uma diminuicdo significativa na contagem de UFC de S1 para S2 ou
S3, mas ndo houve diferenca nem entre os periodos de tempo S2 e S3, nem entre 0S grupos
experimentais em S3, em 15 ou 28 dias de medicacdo. Entretanto, a caracterizacdo bacteriana
revelou uma possivel atividade seletiva dos medicamentos, apesar dos resultados semelhantes
na contagem de UFC.

Conclusfes: Nossos dados mostram que a associagédo de omeprazol ao Ca(OH), favoreceu
um padrdo de reparo superior das lesdes periapicais induzidas em ratos, além de parecer
apresentar uma atividade seletiva sobre a microbiota endoddntica, quando compararada ao

Ca(OH), utilizado de forma isolada.
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ABSTRACT

Objectives: To evaluate the efficacy of the association of a proton pump inhibitor
(omeprazole) with Ca(OH), as intracanal medication in a rat model of periapical lesions.
Methods: Periapical lesions were induced on the first right mandibular molar of male Wistar
rats (6 per group) and left open in the oral cavity for 28 days. After that period, the distal
canal of each tooth was prepared, filled with the respective dressing (Negative Control - PEG
400; Positive Control - Ca(OH), + PEG400; Test - Ca(OH), + Omeprazole + PEG 400), and
sealed with amalgam for 15 or 28 days. Microbiological samples were taken in three periods:
S1 - after 28 days of lesion induction; S2 - after the biomechanical preparation; S3 - after the
abovementioned medication periods (15 and 28 days). The animals were euthanized, and the
teeth were processed for radiographic and histological analysis.

Results: The radiographic and histological analysis revealed that both test and positive
control groups had a reduction of periapical lesion areas, at 28 days, when compared to the
negative control group. The reduction of periapical lesions and of inflammatory cells
infiltration was significantly improved by associating omeprazole to Ca(OH),, with a visible
increase of reparative bone areas. The microbiological assessment showed a significant
decrease of CFU counting from S1 to S2 or S3 collecting times, but no differences were
observed between the S2 and the S3 time-periods, or among the experimental groups within
the S3 period, either at 15 or 28 days of medication. However, further bacterial
characterization showed a possible selective activity of the medications, despite the similar
CFU count results.

Conclusions: Our data showed that association of omeprazole to Ca(OH), favored a superior
repair of periapical lesions in rats, and seems to display different selective activity over the

endodontic microbiota, in comparison to the conventional Ca(OH), dressing.
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Dntrodugio



INTRODUCAO

O estudo cléssico de Kakehashi et al., de 1965 (1), onde foram comparados ratos
germ-free com ratos convencionais, comprovou que a existéncia de bactérias é uma das
principais raz0es para a ocorréncia de necrose pulpar e lesdo periapical. Essa infeccdo do
canal radicular é constituida por uma rica microbiota, com até doze espécies distintas, que
inclui bactérias anaerdbias estritas e facultativas (2). Durante o curso da infec¢do, ocorre uma
mudanca na relacdo entre as bactérias e a variedade de espécies microbianas diminui,
havendo um dominio das anaerdbias estritas. Essa mudanca se da principalmente pela
alteragdo da disponibilidade e demanda de nutrientes e os microrganismos que sobrevivem a
este ambiente, cada vez mais deficiente em nutrientes, sdo os de maior viruléncia (3-5).

Nos casos de necrose pulpar com lesdo periapical, hd uma maior organizacao
das bactérias, caracterizando o biofilme bacteriano, além de ocorrer a penetracdo destas nos
canaliculos dentinarios. Segundo Love e Jenkinson (6), a penetracdo bacteriana nos tabulos
dentinérios é maior quando o cemento encontra-se reabsorvido, o que é comum em casos de
dentes com lesdo periapical, e, dessa forma, as bactérias podem alcancar toda a extensao dos
canaliculos se tornando ainda mais dificeis de serem eliminadas.

Dentre as causas de insucesso dos tratamentos endoddnticos, acredita-se que a
principal seja a permanéncia de microrganismos na porcao apical do canal radicular (5,7-9).
Em dentes tratados endodonticamente e com lesdo periapical persistente, ocorre a
proliferagdo de uma a duas especies bacterianas (10), sendo a maioria delas anaerdbias
facultativas Gram-positivas (11,12), pertencentes aos géneros Actinomyces, Enterococcus
e/ou Propionibacterium (5). O Enterococcus faecalis € o principal destes patdgenos
oportunistas, estando comumente associado aos casos de insucesso do tratamento (3,7,13,11).

Embora o E. faecalis possua diversos fatores de viruléncia, sua capacidade de causar doenca



periapical se d& pela capacidade de sobreviver aos efeitos do tratamento endodéntico,
persistindo no canal radicular e tabulos dentinarios (14,15); nestes casos, torna-se de dificil
eliminagdo, mesmo apds o retratamento endodontico (10). Essa capacidade do E. faecalis em
sobreviver, em estado metabdlico minimo, por longos periodos de tempo sem nutrientes nos
canais obturados, é um importante fator na patogenicidade e manutencdo de uma infeccéo
persistente apos o tratamento endoddntico (16).

Quando uma bactéria encontra desafios para sobreviver, como o0 que acontece durante
as diversas fases do tratamento endoddntico, uma resposta adaptativa ao estresse €
desencadeada (17). No caso do E. faecalis, por exemplo, ocorre um aumento da sintese de
proteinas induzidas por estresse, que protegem a bactéria de condi¢des adversas, como altas
temperaturas e falta de glicose, facilitando sua recuperacdo quando em condi¢Ges mais
favoraveis (16). Em 2002, Evans et al. (7) realizaram um estudo com a exposicao in vitro de
E. faecalis a concentragdes sub-letais de hidroxido de calcio, com ou sem varios pré-
tratamentos (incluindo o inibidor da bomba de prétons CCCP - carbonil cianido m-
clorofenilidrazona). Foi observado que ndo houve diferenca na sobrevivéncia de células
quando se blogqueou a sintese protéica; entretanto, quando se adicionou 0 CCCP, houve uma
reducdo significativa das células viaveis de E. faecalis, ou seja, quando estas foram expostas
por 30 min ao hidroxido de célcio com pH 11,1, na presenca de CCCP, ocorreu 20 vezes mais
morte celular, em comparagdo com a mesma exposi¢do ao hidroxido de calcio sem o inibidor
da bomba de protons. Segundo os autores, portanto, quando o desafio é sobreviver em um
meio alcalino, como na presenca de medicacdo intracanal a base de hidréxido de célcio, a
principal tatica de sobrevivéncia ¢ a utilizagdo de uma bomba de protons funcional existente
na sua membrana celular, capaz de manter a homeostase do citoplasma bacteriano, mesmo

em ambientes com pH em torno de 11,5.



O balango entre prétons e ions hidroxila é de grande importancia para a homeostase
celular (18,19) e o crescimento microbiano (20). Existem diversos mecanismos para manter a
homeostase do pH, como transportadores de K'e Na*, que contribuem para o fluxo de ions
que mantém o balanco de protons e, multiplas enzimas catabdlicas que consomem e geram
prétons (18, 20). Em células fungicas, por exemplo, esse fluxo é mediado por
transportadores de cations/H™ e enzimas K*/Na*-ATPases (19). Embora diversos mecanismos
predominem em determinadas espécies, como o transporte de H*/Na" em bacilos alcalofilos,
varios mecanismos de transporte de fluxo transmembrana podem ser observados em
microrganismos com pH adaptéavel (20). Além dos mecanismos conhecidos, uma bomba de
efluxo é reconhecidamente responsavel pela resisténcia de vérias espécies as drogas
antibacterianas, principalmente nas bactérias Gram-negativas (21, 22).

Segundo Lomovskaya et al. (23), bombas de efluxo podem ser consideradas como
alvos antibacterianos potenciais e 0 desenvolvimento de inibidores dessas bombas efetivos
contra bactérias é altamente necessario. Acredita-se que estas moléculas possam diminuir a
resisténcia intrinseca das bactérias aos antibioticos, reverter a resisténcia adquirida (mesmo
de cepas altamente resistentes) e, reduzir a frequéncia de surgimento de mutagdes que
conferem resisténcia aos antibiéticos existentes.

O E. faecalis é altamente resistente aos medicamentos usados durante a terapia
endodontica, ndo s6 por sua resposta adaptativa em situacOes de estresse, mas também por
sua capacidade de penetrar nos tibulos dentinarios, alcancando grandes profundidades, onde
é, obviamente, mais dificil de ser alcangado e eliminado por qualquer irrigante ou medicacao
intracanal (14-16).

O hidroxido de célcio, que constitui atualmente o curativo de demora mais utilizado
na clinica endodéntica, embora apresente inicialmente um pH maior do que 12, sofre

alteracbes de pH ao longo de toda a extensdo do canal e, especialmente nos tabulos



dentinarios, ndo ultrapassando o valor de 11,3. Isto se da, principalmente, pela capacidade
tamponante da dentina (24-26).

Considerando-se que as medicacbes a base de hidroxido de célcio ndo conseguem
manter um pH alto o suficiente para eliminar a grande maioria das bactérias mais resistentes
presentes no canal radicular e nos tubulos dentinarios, seria racional pensar na utilizacdo de
uma medicacdo que limitasse a capacidade destas bactérias de sobreviver em um meio
altamente alcalino. Neste contexto, compostos com a capacidade de inibir a acdo da bomba
de prétons da membrana bacteriana, que regula o pH interno da bactéria, poderiam
potencializar os efeitos terapéuticos do hidréxido de calcio, aumentando as probabilidades de
eliminacgdo das mesmas.

Atualmente, existem cinco diferentes inibidores da bomba de protons, que sdo usados
clinicamente, comumente por via oral, para o tratamento de diversas desordens
gastrintestinais, incluindo refluxo gastro-esofagico e Ulceras pépticas ou duodenais. Estes
inibidores sdo todos compostos benzimidazolicos, representados pelo omeprazol, seu S-
isbmero - o esomeprazol, além do lanzoprazol, do rabeprazol e do pantoprazol. Embora
apresentem propriedades farmacoldgicas e eficacia semelhantes, as principais diferencas
entre esses fArmacos residem nos grupamentos quimicos piridina ou benzimidazol (27,28).

Os inibidores farmacologicos da bomba de protons séo pro-drogas acido-labeis, que
precisam de protecdo contra o acido gastrico, para evitar que sofram transformacdo antes de
alcancarem seu sitio de acdo. No caso dos seus efeitos como supressores da secrecdo de acido
gastrico, ap0s serem absorvidos na circulacdo sistémica, difundem-se nas celulas parietais do
estbmago, sendo acumulados nos canaliculos secretores de &cidos, onde sdo ativados,
formando uma sulfenamida tetraciclica catalisada por prétons. Esta forma ativada, por sua
vez, liga-se de modo covalente a grupos sulfidrila de cisteinas na enzima H'K*-ATPase, 0

que causa a inativacdo irreversivel da bomba. A secrecdo de acido so retorna apds a sintese



de novas moléculas da bomba e sua insercdo na membrana luminal das células parietais,
proporcionando, dessa forma, uma supressao prolongada da secre¢do acida, que pode durar
até 48 h. Estima-se que em doses convencionais, os inibidores da bomba de prétons sejam
capazes de reduzir, entre 90 e 98%, a secrecdo de acidos até 24 h. O omeprazol também
apresenta efeito inibitério sobre a anidrase carbdnica da mucosa géastrica, 0 que pode
contribuir para a supressao da producéo de acido (28-31).

O omeprazol foi o primeiro inibidor da bomba de prétons a ser desenvolvido (Imagem
1). E altamente lipofilico, ou seja, penetra facilmente na membrana celular. Constitui uma
base fraca (se concentra em compartimentos acidos) e, € muito instavel em solugdo &cida.
Representa uma mistura racémica da qual podem ser isolados os isbmeros R- e S-. Em nivel
celular, estes isdmeros sao capazes de produzir uma reducao semelhante da secrecdo do acido
gastrico. Entretanto, o S-isbmero (esomeprazol) tem um metabolismo mais lento, o que
resulta em uma maior concentracdo plasmatica, garantindo dessa forma, uma inibicdo mais

efetiva e prolongada da producéo de &cido (27, 32, 33).
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Imagem 1 — Estrutura quimica do primeiro inibidor da bomba de prétons, omeprazol (http://www.ucl.ac.uk)

Os inibidores da bomba de prétons sdo usados juntamente com antibiéticos, no
tratamento de Ulcera péptica de origem microbiana, ou seja, na presenca de Helicobacter
pylori. As combinacfes mais utilizadas compreendem um inibidor da bomba de prétons em

associacdo com o0s antibidticos amoxicilina e metronidazol. Em alguns esquemas, a



claritromicina é utilizada em substituicdo a amoxicilina. A inibicdo da producéo de &cido
gastrico aumenta a estabilidade dos farmacos antibi6ticos, levando a um maior acimulo dos
mesmos no suco gastrico, além de potencializarem a sensibilidade do H. pylori aos
antibioticos, diminuindo as concentragcfes inibitdérias minimas. Os inibidores da bomba de
prétons, por si sO, ndo sdo capazes de eliminar o H. pylori, mas apresentam algumas
propriedades antimicrobianas reconhecidas, embora 0 mecanismo para estes efeitos ainda néo
esteja bem esclarecido (29, 31, 34, 35). Segundo Andersen et al. (36), o H. pylori também
possui uma bomba de prétons e o omeprazol pode ter um efeito direto sobre ela.

Atualmente, muitos estudos tém avaliado a atividade anti-inflamatéria dos farmacos
inibidores da bomba de prétons (37-39). Segundo Kedida et al. (39), os PPIs atuam sobre a
migracdo de neutrdfilos induzida por N-formil-metionil-leucil-fenilalanina (fMLP) e
interleucina-8, tém efeitos anti-oxidativos, por exemplo, reduzindo a formacgdo de espécies
reativas de oxigénio (ROS), além de inibirem a produgdo de citocinas pré-inflamatérias
responsaveis pelo influxo de células inflamatérias para o tecido. De forma relevante, foi
demonstrado que o omeprazol é capaz de inibir a reabsorcdo 6ssea in vitro (40). Ademais, um
trabalho recente (41) demonstrou que a incubagdo in vitro de omeprazol produziu uma
reducdo da expressdo de diversos fatores envolvidos na reabsorcéo 6ssea, incluindo o fator de
transcricdo (c-fos), o receptor de calcitonina (CTR), o fator nuclear citoplasmico 1 de celulas
T ativadas (NFATc1) e a metaloproteinase de matriz 9 (MMP-9), aliada a um aumento dos
niveis de osteocalcina e da relacdo osteoprotegerina/receptor ativador do ligante NF-xB
(OPG/RANKL). Estes dados séo indicativos de que o omeprazol pode influenciar o
metabolismo 0sseo, através de uma inibicdo da atividade dos osteoclastos e uma estimulacao
dos osteoblastos.

Quanto a seguranca, os inibidores da bomba de protons apresentam um perfil

toxicoldgico altamente favoravel, quando utilizados por via oral (omeprazol, esomeprazol,



lanzoprazol, rabeprazol e pantoprazol), ou mesmo, apés a administragdo endovenosa
(pantoprazol) (28,29). Estes dados sdo de extrema importancia e muito promissores para a
conducdo de novos estudos e, ainda para a caracterizacdo de novas aplicacOes terapéuticas
para este grupo de medicamentos.

As medicac0es intracanal sdo utilizadas como estratégias auxiliares na desinfeccéo
endoddntica, buscando a reducdo ou eliminacdo das bactérias localizadas no interior do
sistema de canais radiculares, criando um ambiente que favoreca o reparo dos tecidos
periapicais. Considerando 0s mecanismos de resisténcia apresentados por certas espécies
bacterianas ao tratamento endod6ntico e, especialmente, a capacidade de algumas espécies
bacterianas em produzir uma bomba de proétons ligada a membrana celular, o presente
trabalho teve como objetivo principal verificar se a associacdo do inibidor da bomba de
protons, o omeprazol, poderia aumentar a eficacia do hidroxido de calcio como medicacéo
intracanal, sobre bactérias reconhecidamente resistentes ao tratamento endodéntico e,
normalmente relacionadas aos casos de insucesso.

A relevancia do presente estudo reflete-se no fato de que, até 0 momento, ndo ha uma
medicacdo intracanal considerada totalmente eficaz para o tratamento das lesdes apicais.
Assim, a realizacdo de novas pesquisas para elucidar a efetividade antimicrobiana e o0s
mecanismos de acdo das diferentes substancias no interior do sistema de canais radiculares é
de grande relevancia, sendo importante avaliar os efeitos de associagdes medicamentosas,

bem como, a utilizacdo de novas substancias na terapia endodontica.
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OBJETIVOS

Objetivo geral
O presente estudo teve como objetivo avaliar a eficdcia do emprego de inibidor da
bomba de protons (omeprazol), associado a pasta de hidréxido de calcio, como medicacédo

intracanal em dentes de ratos com leséo periapical.

Objetivos especificos

a. Analisar radiograficamente a eficacia da associacdo do omeprazol a pasta de
hidroxido de calcio sobre o reparo de lesdes periapicais em ratos;

b. Avaliar o efeito antimicrobiano do omeprazol, associado a pasta de hidroxido de
calcio, em canais radiculares de ratos com lesdo periapical;

c. Avaliar a resposta histologica dos tecidos periapicais de dentes de ratos, apds a
utilizacdo de omeprazol, associado a pasta de hidroxido de célcio, como medicacdo

intracanal.
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Abstract

Objectives: To evaluate the efficacy of the association of a proton pump inhibitor
(omeprazole) with Ca(OH); as intracanal medication in a rat model of periapical lesions.
Methods: Periapical lesions were induced on the first right mandibular molar tooth of 36
male Wistar rats (6 per group). After 28 days, the distal canal of each tooth was prepared,
filled with the respective dressing (Negative Control group - PEG 400; Positive Control
group - Ca(OH), + PEG400; Test group - Ca(OH), + Omeprazole + PEG 400), and sealed
with amalgam for 15 or 28 days. Microbiological samples were taken in three periods: S1 -
after 28 days of lesion induction; S2 - after the biomechanical preparation; S3 - after the
medication (15 and 28 days).

Results: The radiographic and histological analysis revealed that either Ca(OH), or Ca(OH);
plus omeprazole dressings produced a reduction of periapical lesions, at 28 days, when
compared to the negative control group. The reduction of periapical lesions and inflammatory
cells infiltration was visible improved by associating omeprazole to Ca(OH),, with an
increase of reparative bone areas. The microbiological assessment showed a significant
decrease of CFU counting from S1 to S2 or S3 collecting times, but no differences were
observed between the S2 and the S3 time-periods, or among the experimental groups within
the S3 period. Further bacterial characterization showed a possible selective activity of the
medications.

Conclusions: Our data showed that association of omeprazole to Ca(OH), favored a superior
repair of rat periapical lesions, and seemed to display different selective activity over
endodontic microbiota, in comparison to the conventional Ca(OH), dressing.

Keywords

Omeprazole, proton pump inhibitor, calcium hydroxide, intracanal medication, induced

periapical lesion.
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Ca(OH), - calcium hydroxide; PPl - proton pump inhibitor; E. faecalis -
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leucine-phenylalanine; ROS - reactive oxygen species; CTR - calcitonin receptor; NFATc1 -
nuclear factor of activated T-cells cytoplasmic 1; MMP-9 - matrix metalloproteinase - 9;
OPG/RANKL - osteoprotegerin/receptor activator of NF-«B ligand; PEG 400 —polyethylene

glycol 400; EDTA - ethylenediaminetetraacetic acid.



Introduction

The classical study conducted by Kakehashi et al (1), clearly attested that existence of
bacteria is the major reason for pulp necrosis and consequent periapical lesion. Additionally,
the permanence of microorganisms in the apical portion of the root canal is considered to be
the main cause of endodontic treatment failure (2-4). In humans, Enterococcus faecalis is one
of the most important of these pathogens (3,5), due to its ability to survive under adverse
conditions, even following the root canal treatment (6,7). According to Evans et al (3), when
the challenge is to survive in an alkaline medium, as in the presence of calcium hydroxide
dressings, the main tactic of E. faecalis is to use an existing functional proton pump in their
cell membrane, capable of maintaining the homeostasis of the cytoplasm, even in a pH
around 11.5. Ca(OH), has an initial pH of approximately 12, but these values do not
commonly exceed 11 throughout the entire length of the canal, especially in the tubules,
because of the dentin buffering capacity (8).

The proton pump inhibitors (PPIs) are used in association with antibiotics to treat
peptic ulcer disease of microbial origin (in the presence of Helicobacter pylori). Omeprazole
was the first PPI to be developed; it is a highly lipophlic weak base, which easily cross the
cell membrane (9,10). The PPIs are unable to eliminate H. pylori when used alone, but they
have recognized antimicrobial properties, although the mechanisms for these effects remain
elusive (11,12). According to Andersen et al (13), H. pylori possess a proton pump, and
omeprazole might display a direct effect on it. Furthermore, some studies have evaluated the
anti-inflammatory activities of PPIs (14-16). As stated by Kedika et al (14), they inhibit
neutrophil migration and the formation of reactive oxygen species (ROS), besides inhibiting
the production of pro-inflammatory cytokines. Importantly, it was shown that omeprazole is
able to inhibit bone resorption in vitro (15). Likewise, a recent study (16) demonstrated that

in vitro incubation of omeprazole significantly decreased the expression of several



transcription factors involved in bone resorption, including CTR, c-fos, NFATcl and MMP-
9, accompanied by an increase of osteocalcin levels and OPG/RANKL ratio.

Considering the mechanisms of resistance shown by certain bacterial species in
endodontics, and especially the ability of some bacterial species to express a proton pump
linked to the cell membrane, the aim of this study was to verify whether the association of the
potent PPl omeprazole, could increase the effectiveness of calcium hydroxide as intracanal

medication in a rat model of periapical lesions.



Material and Methods

Animal model of periapical lesions

Thirty-six Male Wistar rats (160 — 180 g body weight, 6 animals per group) were
used. The experimental protocols were approved by the local Animal Ethics Committee
(Protocol Number 10/00164), and the animals were maintained following the Guide to
Management and Use of Experimental Animals, National Institutes of Health (NIH), EUA.

Periapical lesions were induced as described previously, with minor adaptations (17).
On day 0, each rat was anesthetized by an intraperitoneal injection of xylazine (10 mg/kg)
combined to ketamine (100 mg/kg). Pulp exposure was performed at the distal fossa of the
right mandible first molar tooth, using a #1011 diamond round bur to the depth of bur
diameter, followed by instrumentation of the distal canal with #10 K-file endodontic
instrument, under irrigation with sterilized saline solution 0.85%. The exposed pulps were

left open to the oral environment to allow the formation of periapical lesions for 28 days (18).

Intracanal medications

The pastes were prepared at the moment of application in a glass plaque by using a
#24 spatula, with Polyethylene glycol 400 (PEG 400; Merck) as vehicle. The intracanal
dressings were prepared according to the following experimental groups: Negative Control
group - PEG 400; Positive Control group - calcium hydroxide (P.A. 96%; Merck; 2 mg) in
PEG 400; Test group - calcium hydroxide and omeprazole (1:1; omeprazole 8.5% - Quinta

Esséncia, Porto Alegre, Brazil) in PEG 400 (4 ml).

Procedures for root canal preparation
On day 28, the rats were re-anesthetized and the distal root canals were instrumented

up to the #30 K-file, with sodium hypochlorite 1% as irrigating solution (in a final volume of



200 pl), followed by EDTA 17 % for 3 min, and a final wash using sterilized saline solution.
Subsequently, the canals were dried with #25 sterilized paper points, and completely filled
with the intracanal medications, according to the experimental group, employing a #15 K-
file, and sealed with amalgam. The animals were euthanized following 15 or 28 days after the

application of intracanal medications, by deep anesthesia with isoflurane.

Microbiological Analysis

The microbiological sample collections were made with #25 sterilized paper points
and sterilized saline solution, at 3 different periods: S1 - day 28, before the endodontic
treatment; S2 - day 28, after the endodontic treatment; S3 - days 43 or 56, after euthanasia. In
the S3, the samples were obtained after removal of the jaw area corresponding to the right
molars. Both the amalgam restoration and the intracanal medication were removed. Then, the
root canal was filled with saline solution, the canal walls were scraped with a #25 file, and
the samples were collected. In all cases, the absorbent paper points were aseptically
transferred to 1.5 ml microcentrifuge tubes, containing 1 ml of sterile saline solution and
agitated by vortexing, in order to suspend attached bacteria into the solution. To estimate the
number of Colony Forming Units per milliliter (CFU/ml), serial decimal dilutions (up to 107%)
were prepared. Aliquots of 100 ul of each dilution and the original suspension were spread
onto the surface of Blood Agar, in duplicate, and incubated aerobically at 37°C for 24 h.

To further analyse the microbiota after 28 days of medication, the samples were

characterized according to Gram staining, catalase activity and bacteria morphotype.

Radiographic analysis
The jaws were dissected (19) and processed for imaging as described previously (20).
Briefly, the radiographs were taken, in a standardized manner (70 kVp, 7 mA, 30 cm

focus/film distance, and 0.2 s exposure time), using the DenOptix™ system (Gendex®, Des



Plaines, IL). The areas of periapical lesions were determined in mm?, using the Adobe®
Photoshop® CS5 software (Adobe Systems Incorporated, San Jose, CA), considering an

image resolution of 11.8 pixels/mm?.

Histological Analysis

After imaging, the mandibles were fixed in 4% paraformaldehyde at 4°C for 48 h,
decalcified with 14% EDTA (pH 7.1), and embedded in paraffin wax. Blocks containing the
root and the periapical tissues were prepared in 6 pm serial sections. All sections were
stained with hematoxylin and eosin, observed under a light microscope, and the significant

histological findings were described, considering inflammatory and repair parameters.

Statistical Analysis

The results were expressed as mean + standard error mean of 6 animals in each
experimental group. The sample size was established on the basis of previous literature
studies data (21,22), and by using the statistical program GraphPad InStat (GraphPad
Software Inc., San Diego, EUA), for P<0.05. Data were subjected to analysis of variance
(one-way ANOVA) followed by Newman-Keuls post-hoc test. Frequency data was analyzed
by means of Fisher’s exact test. P values less than 0.05 were considered statistically

significant.



Results
Radiographical analysis

Data depicted in Fig. 1A shows that either Ca(OH), or Ca(OH), plus omeprazole
dressings failed to significantly affect the size of periapical lesions, according to the
radiographic assessment, at 15 days (P > 0.05). Otherwise, the Fig. 1B reveals that both
Ca(OH), and Ca(OH), plus omeprazole intracanal dressings produced a striking reduction of
periapical lesion areas (P < 0.05 and P < 0.001, respectively), when evaluated at 28 days. Of
note, the reduction of periapical lesions was significantly improved by associating the PPI
omeprazole to Ca(OH), (P < 0.05). Representative radiographic takings showing the effects
of intracanal medications at 28 days of evaluation are provided in the Fig. 1 (C to E),

showing a very favorable profile of healing in the Ca(OH), plus omeprazole group.

Microbiological Analysis

The first microbiological sample collection (S1) had a higher CFU counting, when
compared to the S2 and S3 time-points in all experimental groups (Fig. 2). However, on
either 15 (Fig. 2A) or 28 (Fig. 2B) days of intracanal medication, there were no significant
differences in the CFU counts between the S2 and the S3 time-periods. Considering the lack
of effect of both Ca(OH), and Ca(OH), plus omeprazole on the total CFU counts, we decided
to perform additional microbiological analysis of S3 collection samples, after 28 days of
intracanal medication. As it can be observed, Ca(OH), combined to omeprazole interfered on
catalase positive bacteria percentage, when compared to control and Ca(OH), groups (Fig.
2D). Regarding the Gram staining, it was possible to observe an inhibitory effect on Cocci
Gram-positive bacteria in the Ca(OH), group, in relation to the control or the Ca(OH), plus

omeprazole groups (Fig. 2C and results not shown).



Histological analysis

Histologically, after 28 days of intracanal dressing, bone resorption associated with
prominent infiltration of inflammatory cells was noted in the periapical tissue of the control
group (Figure 3A), and multiple resorption lacunae containing multinucleated osteoclasts
were detected (Figure 3D). Minimal inflammatory cell infiltration was observed in the groups
treated with Ca(OH),, or Ca(OH), associated with omeprazole (Fig. 3B and C), with the
presence of neovascularizaton areas (Fig. 3E). Visible areas of reparative bone formation in
the periapical region were observed when Ca(OH), plus omeprazole combination was

employed, in relation to the Ca(OH); group (Fig. 3F).



Discussion

Calcium hydroxide is the most common intracanal medication, and displays well-
known antimicrobial effects (23,24); however, this agent has some limitations (8,25).
According to Tang et al (26) there are three major reasons for bacterial survival and growth
despite de use of Ca(OH), dressings: (i) the capacity of some bacteria to survive in dentinal
tubules and ramifications; (ii) the pH in the canal reaches neutral levels after a rapid use of all
Ca(OH)2 ; and (iii) the microleakage of the temporary filling.

In pulpal necrosis, the bacterial penetration in the dentinal tubules is higher when the
cement is reabsorbed (27), a common process observed in teeth with periapical lesions (28),
and therefore the elimination of microorganisms and the effectiveness of intracanal
medications can be compromised.

In the present study, we decided to investigate the effects of associating the PPI drug
omeparazole to Ca(OH),, in the rat model of periapical lesions. The usefulness of the rat
model to emulate human endodontic lesions has been well established (18). Most studies
have used this model to evaluate the effect of systemic medications on endodontic lesions
(28), as well as to assess some of the mechanisms involved in the pathogenesis of periapical
lesions, such as the involvement of p38 MAPK (21) or platelet-derived growth factor-C (30).
However, the use of the rat model to analyze intracanal dressings, as presented in our study,
has not been fully characterized before. Furthermore, the association of omeprazole has never
been tested in endodontics, therefore this study was designed considering previous evidence
on the relevance of a proton pump for the survival of bacteria resistant to endodontic
treatment (3), as well as in the current therapy of gastric ulcers associated to H. pylori
infection, where PPI act not only reducing the acid secretion, but also increasing the bacterial
sensitivity to the antibiotics (12,13).

The antimicrobial effect of Ca(OH), is mostly related to the release and diffusion of

hydroxyl radicals (26,31), and the velocity of this release depends on the vehicle where it is



manipulated (32). When Ca(OH), is prepared in a more viscous vehicle, i.e. PEG 400, as
used in our study, the ion release is slower than that observed when an aqueous vehicle is
employed (33). This fact could explain our more favorable results, for either Ca(OH), or its
association with omeprazole in the 28 days medication regimen, than in 15 days, when
analyzing both radiographic and histological results. Thus, it is also relevant to consider the
time necessary for tissue healing to be radiographically visible. Where in humans 6 months is
the time commonly needed, in rats, the period of 28 days was enough to show great
differences among the experimental groups, and the evident tissue healing, especially in the
Ca(OH), plus omeprazole group. This feature was also confirmed by the histological analysis
which revealed a favorable evolution of periapical lesions at 28 days, in either test groups,
with greater areas of reparative bone formation in the omeprazole group. However, the same
was not observed when considering the microbiological analysis. Our data showed a
significant reduction in CFU counting, in all experimental groups, from S1 to S2 time-points.

Notwithstanding, there was no significant differences in the CFU counts between S2
and S3 periods. These results agree with previous studies that evidenced an increase in the
CFU counting after intracanal medication (26,34). This could be explained by several
reasons, including failures of sealing, rapid inactivation of the medication and resistant
bacteria, but also by methodological limitations inherent to our study. For instance, the
aerobic incubation of the samples does not favor the cultivation of anaerobic bacteria.
Furthermore, the paper point technique might not be the most accurate way of sampling the
endodontic microbiota, although this method has been found effective for endotoxin
sampling in a recent study in humans (35).

Furthermore, it is important to consider a possible selective action of the intracanal
dressings on bacteria. For this reason, we decided to further categorize the bacteria in our

model by determining morphotype, catalase activity and Gram staining. Our data on this



experimental approach showed that the bacterial profile in the group in which Ca(OH), was
associated to omeprazole is rather distinct from that seen in either negative or positive control
groups. This allow us to infer that by some means, the association of omeprazole to Ca(OH),
is able to induce bacterial selection, likely favoring the repair observed in this experimental
group, supporting radiographic and histological data.

Interestingly, some recent pieces of evidence (14-16) have demonstrated clear anti-
inflammatory and pro-reparative effects for PPI drugs, such as omeprazole, what might help
to explain our radiographic and histological findings, which indicate a more efficient healing
of the periapical tissue in the Ca(OH), plus omeprazole group. Therefore, data obtained in the
present study, by using the combination of Ca(OH), and omeprazole, could be explained not
only by bacterial elimination, but also by the anti-inflammatory and pro-reparative effects of
omeprazole. Therefore, our results for this new intracanal dressing are promising for the
endodontic clinical setting. However, it remains clear that more studies are necessary to
determine other concentrations of omeprazole, alternative formulations, and also to perform

further microbiological characterization.
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Legends to the Figures

Figure 1 — Comparison of the effects of Ca(OH), and Ca(OH), associated with omeprazole
on the size of periapical lesions in rats: radiographic analysis. (A and B) The columns
represent the mean of 6 experiments and the vertical lines indicate the standard error mean.
*P<0.05; ***P<0.001. (C, D and E) Representative images of periapical lesions in negative

control, Ca(OH), and Ca(OH), plus omeprazole experimental groups, respectively.
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Figure 2 — Comparison of the effects of Ca(OH), and Ca(OH), associated with omeprazole in
the rat model of periapical lesions: microbiological analysis. (A, B) The columns represent
the mean of 6 experiments and the vertical lines indicate the standard error mean. (C, D) The

columns represent the frequency (in percentage) of each analyzed parameter.
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Figure 3 — Comparison of the effects of Ca(OH), and Ca(OH), associated with omeprazole in
the rat model of periapical lesions: histological analysis. (A) Histopathological examination
showed periapical bone resorption associated with pronounced inflammation in the negative
control group (100X). (D) A high-power view of panel A showing osteolytic lacunae (arrows,
400X). (B, C) Reduced inflammatory cell infiltration in Ca(OH), and Ca(OH), plus
omeprazole groups, respectively. *Extensive reparative bone formation (100X). (E) A high-
power view of panel B showing neovascularization areas (arrows, 400X). (F) A high-power

view of panel C showing bone formation areas (arrows, 400 X).




Consideragées ~Sfnais



CONSIDERACOES FINAIS

Diversos autores consideram o hidréxido de calcio como um importante aliado néo so6
na eliminacdo de bactérias que ndo sdo efetivamente removidas durante o preparo quimico-
mecanico, mas também na prevencdo da recontaminacdo, por estas bactérias, dos espacos
pulpares. Entretanto, esta medicacdo apresenta certas limitacdes como a interacdo com a
dentina que, ao exercer acdo de tamponamento, limita a acdo do Ca(OH),. Além disso, certas
bactérias, como o E. Faecalis, sdo capazes de sobreviver as diversas fases do tratamento
endodéntico, inclusive ao curativo de demora a base de Ca(OH),, especialmente devido a
uma bomba de protons funcional existente na sua membrana, que regula a homeostase do
citoplasma. Levando estes dados em consideracdo, o presente estudo avaliou o efeito da
associacdo de omeprazol, medicacdo inibidora de bomba de prétons amplamente utilizada no
tratamento de Ulcera péptica infecciosa, ao Ca(OH),, em lesBes periapicais induzidas em
ratos.

Radiograficamente, foi demonstrado que em 15 dias de medicacdo intracanal, ambas
medicacbes de Ca(OH), e, de Ca(OH), associado ao omeprazol, ndo afetaram
significativamente o tamanho das lesdes periapicais. Entretanto, em 28 dias de medicacao
intracanal, as duas medicacBes diminuiram significativamente o tamanho das lesdes
periapicais, quando comparadas ao grupo controle, sendo que essa reducdo foi
significativamente melhorada pela associagédo de omeprazol ao Ca(OH),. Estes dados foram
fundamentais para confirmar que o modelo experimental escolhido se mostrou satisfatério
para as analises planejadas.

De acordo com a analise histolégica, no grupo controle, foi observada reabsorcéo
Ossea associada a proeminente infiltrado de células inflamatdrias, enquanto que nos grupos
Ca(OH), e Ca(OH), mais omeprazol, foi observado um infiltrado inflamatorio minimo, com

presenca de areas de neovascularizacdo e de neoformacdo Ossea, especialmente no grupo



onde o omeprazol foi associado. Estes dados confirmam e estendem aqueles obtidos por meio
da analise radiogréfica.

A primeira coleta microbioldgica (S1) teve uma contagem de UFC maior, quando
comparada com o0s tempos S2 e S3, em todos 0s grupos experimentais No entanto, tanto em
15 como em 28 dias de medicacdo intracanal, ndo houve diferengas significativas nas
contagens de UFC entre S2 e S3, e nem entre os diferentes grupos experimentais durante S3.
Apesar de néo ter sido observada diferenca entre as medicacfes quanto a contagem de UFC,
pode-se observar que Ca(OH), combinado ao omeprazol interferiu na porcentagem de
bactérias catalase negativas, quando comparado aos grupos controle e Ca(OH), e, quanto a
coloracdo de Gram, foi possivel observar um efeito inibitorio sobre cocos Gram-positivos no
grupo Ca(OH),, em relagdo aos grupos controle ou a Ca(OH), mais omeprazol. Estes dados
permitem sugerir que a associacao de omeprazol ao Ca(OH), é capaz de induzir mudangas no
perfil bacteriano intracanal, o que pode estar relacionado com os resultados benéficos
observados com essa associacdo medicamentosa, tanto na avaliagdo radiogréfica, quanto
histoldgica, em comparacdo com a aplicacdo isolada de Ca(OH)s.

Apesar dos resultados promissores para a associacdo de omeprazol ao Ca(OH);
observados em nosso trabalho, fica claro que mais estudos sdo necessarios para determinar
concentracOes mais eficazes, além de realizar uma melhor caracterizagéo bacteriana, a fim de
avaliar como esta associacao afeta a microbiota. Ademais, considerando os dados prévios da
literatura, seriam necessarios estudos adicionais para avaliar o real efeito modulatério do
omeprazol sobre bombas de efluxo de bactérias envolvidas nas infeccBes endoddnticas.
Finalmente, como discutido no presente trabalho, alguns estudos recentes tém demonstrado
que o omeprazol, além de outros membros da mesma classe farmacoldgica, sdo capazes de
modular a resposta inflamatdria, bem como o turnover 0sseo, de acordo com a avaliagdo in

vitro. Assim, é imperativo que outros estudos avaliem como a associ¢cdo de omeprazol com



Ca(OH); poderia apresentar efeito anti-inflamatérios, quando testada no modelo in vivo de
lesbes periapicais em ratos; isso poderia ser alcancado através de técnicas bioquimicas ou de
biologia molecular. Como ultima consideracdo, cabe destacar a importancia de investigar os

efeitos do omeprazol sobre proteinas implicadas no reparo ésseo, tais como RANKL e OPG.
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