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RESUMO

Diferentes abordagens tém sido advogadas para implementacdo do
tratamento conservador do tecido pulpar, usualmente empregando o controle
da inflamacao e a aplicacdo de compostos com potencial terapéutico sobre a
polpa. A Resolvina E1 (RvVE1l) é um mediador lipidico capaz de regular rotas
inflamatorias que ndo envolvem o bloqueio de intermediarios enzimaticos. O
objetivo deste estudo foi avaliar o efeito topico da RvVE1 sobre polpas dentais
expostas ao meio oral. Para esta finalidade, 42 ratos machos Wistar (n = 6 por
grupo/periodo), tiveram as polpas dos primeiros molares inferiores direitos
acessadas e deixadas expostas ao meio oral por 24 horas. Apos este periodo,
medicacédo topica com etanol 0.1% (veiculo da RvE1), RVE1 ou corticosterdide
foi aplicada sobre o tecido pulpar e os dentes foram selados com amalgama de
prata. Os efeitos dos protocolos testados foram avaliados histologicamente
apos 24 e 72 horas. Dentes intactos foram utilizados como referéncia para
analise das alteracdes verificadas nos grupos experimentais. RvVELl induziu
significativa reducdo e contencdo da inflamacdo com danos pulpares menos
extensos em comparacao ao etanol 0.1% ou corticosteréide (P<0.05). Nenhum
dos farmacos testados promoveu caracteristicas pulpares idénticas as
observadas nos dentes intactos (P<0.01). Os resultados apresentados
revelaram a funcao protetora da RvVE1 na inflamacéo da polpa, sugerindo que
ela possa ser candidata para uma nova estratégia terapéutica para a
preservacao de sua vitalidade.

Palavras Chave: Endodontia, polpa dental, inflamagé&o, resolvina, tratamento

conservador da polpa dental.



ABSTRACT

Different approaches have been advocated for implementation of
conservative treatment of the pulp tissue, usually employing inflammation
control and the application of compounds with therapeutic potential on the pulp.
The Resolvin E1 (RVEL1) is a lipid mediator capable of regulating inflammatory
routes that do not involve the blockage of enzymatic intermediates. The aim of
this study was to evaluate the effect of the topical application of RvE1 on dental
pulps exposed to the oral environment. To this end, 42 male Wistar rats (n=6
per group/period) had the pulps of the right mandibular first molars assessed
and then left exposed to the oral environment for 24 hours. After this period,
topical medication either with 0.1% ethanol (vehicle of RvE1l), RvVE1l or a
corticosteroid was applied onto the pulp tissue, and the teeth were then sealed
with silver amalgam. The effects of the tested protocols were assessed by
histology after 24 and 72 hours. Untouched teeth were used as reference for
relative analysis and grading of the alterations observed in test groups. RVE1
induced significant reduction and containment of pulp inflammation with less
extensive damage compared to either 0.1% ethanol or corticosteroid (P<0.05).
Within the conditions tested none of the tested drugs promoted identical pulp
tissue features compared to the observed in untouched teeth (P<0.01). The
results presented herein have uncovered protective roles for RvE1l in pulp
inflammation, suggesting that it may be a candidate for a novel therapeutic
strategy for preservation of its vitality.

Keywords: Endodontics, dental pulp, inflammation, resolvin, conservative

treatment of dental pulp.
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1. INTRODUCAO

1.1 Etiopatologia Pulpar

A Endodontia objetiva o estudo, a prevencdo e o tratamento das
doencas da polpa e dos tecidos periapicais. Em condi¢bes normais, a polpa
dental é estéril, estando envolvida na producédo de dentina e na sensibilidade
dentinaria. Polpa e dentina formam um complexo funcional, protegido de
substancias exdégenas pelo esmalte e cemento. Quando o complexo dentino-
pulpar torna-se infectado, o0s tecidos, dotados de processos
imunocompetentes, reagem a invasdo bacteriana na tentativa de erradica-la.
Entretanto, se a rota da infeccdo ndo € erradicada através desse processo
natural ou por procedimentos operatérios, as bactérias invadem o complexo,
resultando em pulpite e necrose pulpar, infeccdo do sistema de canais
radiculares e doenca periapical (1).

Estudos confirmaram o papel das bactérias na etiopatologia das
doencas pulpares e perirradiculares; por exemplo, polpas dentais de ratos
mantidos em condicBes convencionais e germ-free foram expostas ao meio
oral e observadas histologicamente. Enquanto que nos animais mantidos em
ambiente séptico desenvolveu-se inflamagdo severa ou necrose pulpar
associadas a lesdes perirradiculares, nos animais germ-free, as polpas se
repararam por deposicdo de dentina neoformada na area da exposicéo,
isolando o tecido pulpar da cavidade oral (2).

A polpa dental inclui elementos como nervos, tecido vascular, fibras do
tecido conjuntivo, matriz extracelular, fluido intersticial, odontoblastos,

fibroblastos e células imunocompetentes. Ela se torna inflamada em resposta a
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infeccdo bacteriana a partir de caries, trauma ou, por alguma razao iatrogénica.
Estando a dentina amplamente invadida por bactérias, a polpa reage através
da diminuicdo da permeabilidade dentinaria, formacédo de dentina ou reacéo
inflamatoria e imune (1,3-4). O processo inflamatério desse tecido €
extremamente complexo, sendo as mudancas na polpa dental acompanhadas
pela producdo de ampla variedade de mediadores pro-inflamatorios,
vasodilatacdo, aumento da permeabilidade vascular e extravasamento de
leucdcitos, que sdo recrutados por mediadores enddgenos como cininas,
prostaglandinas e neuropeptideos (4-5).

O tecido pulpar € equipado para montar uma resposta inata as bactérias;
nao sendo eficaz essa resposta na eliminacdo do agressor, a resposta imune
adaptativa é ativada (3-4). A propria defesa do hospedeiro pode levar a uma
exacerbacédo da inflamacéo, resultado em aumento de edema e presséo intra-
pulpar, que se tornam lesivos para a polpa que esta inserida em uma cavidade
rigida (3-5). Polpas inflamadas podem se recuperar, contanto que a maioria
dos agentes infecciosos sejam removidos suficientemente cedo, a ponto de

nao induzirem alteracdes inflamatorias que levem ao dano irreversivel do tecido

(4).

1.2 Tratamento conservador da polpa — Capeamento pulpar direto

A terapia pulpar conservadora objetiva o tratamento do dano reversivel
com manutencdo da vitalidade e funcdo (6-7). Ela pode incluir duas
abordagens terapéuticas: capeamento pulpar indireto, em casos de cavidades
dentinarias profundas e capeamento pulpar direto/pulpotomia, em casos de
polpas expostas. O sucesso da terapia pulpar conservadora depende do tipo,

localizagéo e extensdo do dano, idade do dente, modalidade de tratamento,
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material capeador e integridade da restauracdo cavitaria  (8-9).
Conceitualmente, capeamento pulpar direto € o método de tratamento no qual
a polpa dental exposta é coberta com material que a protege de danos
adicionais e permite sua cicatrizacao e reparo (10).

Enquanto a polpa inflamada ndo exposta por carie ou trauma apresenta
potencial de reparo, o tratamento da polpa inflamada exposta, principalmente
por carie, continua sendo motivo de controvérsia (9). Produtos bacterianos
induzem a inflamacdo pulpar e acionam respostas flogisticas capazes de
impedir a instalacdo de mecanismos de reparo da polpa (11). Nesse contexto,
polpas jovens tém maior potencial de reparo, o que pode ser atribuido a
presenca de forame apical grande e maior vascularizacdo da polpa, por onde
células imunes ativadas podem aumentar as chances de reparo e intensificar a
manutencdo da vitalidade pulpar (9,11).

Autores (8-9,11) consideraram importante o diagndéstico de pulpite
reversivel antes do capeamento pulpar direto de polpas expostas por cavidade
profunda de cérie, para ter sucesso como resultado; porém, um diagndstico
pulpar definitivo é frequentemente de dificil estabelecimento (11). Assim,
apesar da dificuldade em se encontrar um consenso na literatura sobre a taxa
de sucesso do capeamento pulpar direto nestas situacdes, o tempo de
observacdo, os critérios de avaliagdo e, a condicdo pulpar antes do
capeamento, parecem ter um papel decisivo (8, 11-12).

Inimeros materiais tém sido utilizados como capeadores pulpares
diretos (6,12), contudo, algumas preocupacdes tém surgido quanto ao seu uso
e novos materiais tém sido testados como alternativa aos ja existentes

(3,11,13-15). Devido as suas propriedades antiinflamatorias, os corticosterdides

13



topicos tém sido utilizados no capeamento pulpar indireto (16) e direto (17)
para reduzir a dor pds-operatOria e para auxiliar na cicatrizacdo do tecido
pulpar (16-17). Porém, quando utilizados por longos periodos e na presenca de
microrganismos, podem causar efeitos deletérios a polpa: atraso na
cicatrizacdo dos tecidos, inibicdo da sintese de colageno e formacéo de
barreira de tecido duro incompleta e irregular (17-18). Estes resultados estéo
provavelmente relacionados com o mecanismo de acdo dos corticosterodides,
que se baseia na reducdo da conversdo do &acido araquiddénico em
prostaglandinas e leucotrienos, através do bloqueio da enzima fosfolipase A2
(19). Resultados recentes indicam que, apdés as fases iniciais do processo
inflamato6rio, o acido araquiddnico origina lipoxinas protetoras que séo

agonistas na ativacdo do término da inflamacéo e promocéao da resolucao (20).

1.3 Resolucéo da inflamacdo — Mediadores Lipidicos

Alteracbes nos tecidos do hospedeiro causadas por microrganismos,
dano tecidual ou trauma cirlrrgico, levam a ativacao de rotas pré-inflamatérias
com consequente liberacdo de mediadores flogisticos quimiotaticos para
neutréfilos (20). No local do dano, neutrofilos fagocitam microrganismos e
debris celulares. Granulos dispersos em seu citoplasma armazenam enzimas
liticas que produzem destruicdo de bactérias, mas também tém a capacidade
de desorganizar os tecidos. Além desses, neutréfilos produzem espécies
reativas de oxigénio (ROS), subprodutos oxidantes como o superoéxido,
altamente deletérios a bactérias que resultam da ativacdo do complexo
enzimatico NADPH oxidase (nicotinamida adenina dinucleotideo fosfato
oxidase). Esses mecanismos, uma vez ativados e tendo seus produtos

inadvertidamente acessado o meio extracelular, causam danos ao tecido local
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e amplificacdo dos sinais da inflamacédo aguda (21). Mediadores enddgenos
também podem conduzir ao dano tecidual por recrutamento excessivo de
neutrofilos que sustentam a resposta inflamatoria pela liberacdo de mais
granulos com conteudo litico e geracdo de outros mediadores quimicos (22).

Apoés iniciada, a inflamacdo aguda tem varios possiveis destinos,
incluindo a progressao a fibrose tecidual crénica ou convergindo ao resultado
ideal de completa resolucdo do processo inflamatério. A resolucdo da
inflamacédo é a reducdo ou remocdo de leucdcitos do local da inflamacéao,
habilitando o retorno a homeostasia e reparo tecidual (20,23). Assim, esse
processo ndo se restringe ao mero término passivo da inflamacdo, mas a um
processo ativo de carater bioquimico e metabdlico. Ela é rapidamente iniciada,
apos alteracbes agudas, por rotas celulares que ativam a biossintese de
mediadores lipidicos enddégenos com acdo dual, antiinflamatéria e pro-
resolucdo, como as lipoxinas, resolvinas e protectinas (21-22,24). Lipoxinas
sao biossintetizadas a partir do acido araquidbnico pela acéo da lipoxigenase e
resolvinas e protectinas sdo biossintetizadas a partir do precursor acido graxo
poliinsaturado 6mega-3 (PUFA), acido eicosapentaendico (EPA) e acido
docosahexaendico (DHA) (23).

Resolvinas sédo assim chamadas por serem potentes reguladoras da
resolucao da inflamacao. No sitio inflamado, elas interrompem a infiltracdo de
neutrofilos, estimulam o recrutamento néo flogistico de mondcitos e ativam a
fagocitose de microrganismos e células apoptoticas por macréfagos (24). Elas
apresentam duas formas estruturais, a série E (derivada do EPA) e a série D
(derivada do DHA). Presentemente, a Resolvina E1 (RVE1) € a forma com mais

documentacédo na literatura, sendo formada pela conversdo do EPA em 18R-
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hidroperoxieicosapentaendico (18R-HPEPE) que libera 18R-
hidroxieicosapentaendico (18R-HEPE), rapidamente transformado pela acdo da
lipoxigenase-5 de neutréfilos humanos (20,24). A RvELl parece ter um amplo
espectro de atuacdo, seus efeitos benéficos sdo observados em varias
situacdes médicas (25-28) e na doenca periodontal (29-30), nesta com eficaz

bloqueio da perda 6ssea modulada por patdégenos orais em modelo animal.

O presente estudo teve como proposta a busca em se obter um
composto que atue na resolucdo da inflamacdo do tecido pulpar infectado,
possibilitando o retorno a homeostasia e a manutencao da vitalidade pulpar.
Embora a manutencdo da vitalidade pulpar seja de fundamental importancia,
tratamentos conservadores ndo sdo comumente indicados para dentes com
polpa exposta por carie. Nestas situacdes, o tratamento conservador costuma
ser indicado somente para dentes jovens com apice aberto. Para os demais
casos, indica-se o tratamento radical, a endodontia. A relutédncia em se realizar
um tratamento conservador em um dente com polpa exposta por cavidade
profunda de cérie reside na dificuldade de um diagndstico preciso quanto a
condicdo pulpar de inflamacdo reversivel e irreversivel, e na falta de um
composto ideal capaz de circunscrever o processo inflamatorio, minimizando
ou eliminando o dano pulpar. A RVE1, gracas as suas propriedades biolégicas
ja demonstradas, foi empregada nesse estudo como candidata a este
composto, que poderia mudar conceitos vigentes sobre a resolucdo da
inflamagé@o pulpar em tratamentos conservadores da polpa, estando esta

infectada.
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Abstract

Introduction: The aim of this study was to evaluate the effect of the topical
application of Resolvin E1 (RvE1l) on dental pulps exposed to the oral
environment.

Methods: 42 male Wistar rats (n=6 per group/period) had the dental pulps of
the right mandibular first molars assessed and then left exposed to the oral
environment for 24 hours. After this period, topical medication either with 0.1%
ethanol (vehicle of RvVE1l - positive control), RVE1l or a corticosteroid was
applied onto the pulp tissue, and the teeth were sealed with silver amalgam.
The effects of the tested protocols were histologically evaluated after 24 and 72
hours. Untouched teeth were used as a negative control.

Results: RvE1l induced significant reduction and containment of pulp
inflammation with less extensive damage compared to either 0.1% ethanol or
corticosteroid (P<0.05). None of the tested drugs promoted identical pulp tissue

features compared to the observed in untouched teeth (P<0.01).

Conclusion: The results presented herein have uncovered protective roles for
RVEL in pulp inflammation, suggesting that it may be a candidate for a novel

therapeutic strategy for preservation of its vitality.

Keywords: Endodontics, dental pulp, inflammation, resolvin, conservative

treatment of dental pulp
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Introduction

The main objective of the conservative treatment of the dental pulp is to
avoid its irreversible damage and necrosis. In this regard, a number of different
materials have properties that, under aseptic conditions, can induce a favorable
response by the pulp (1-6). On the other hand, when microorganisms and their
byproducts are a permanent part of aggression, flogistic responses are induced
that impair resolution of inflammation, dramatically decreasing the success
rates of direct pulp capping (7).

Due to its anti-inflammatory properties, topical corticosteroids have been
advocated to reduce post-operative pain and to assist pulp tissue healing (8-9).
On the other hand, when used for long periods and in the presence of
microorganisms, this approach seems to have less than ideal effects on the
pulp, leading to delayed wound healing, thus inhibiting collagen synthesis and
resulting in incomplete and irregular hard tissue barrier formation (9-11).

Differently from the corticosteroids, a novel class of lipid-derived
endogenous molecules, in which RvE1l is included, have been considered
promising for the development of resolution-based pharmacology and
lipidomics-based therapeutics (12-14). Among lipid-derived compounds, RVE1
has shown to improve treatment outcomes in a wide range of inflammatory
diseases (15-18). RVE1l does not impair the endogenous healing pathways,
acting locally to stop leukocyte recruitment and promote resolution of the
inflammatory response. Moreover, this lipid mediator presents potent immune-
modulating properties, which regulate the resolution phase of the active immune

response (13-15).
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Considering the need for improving healing outcomes in putativelly
infected dental pulps and the beneficial effects of RVE1l observed in several
medical situations (16-19) and periodontal disease (20), the aim of this study
was to evaluate the effect of the topical application of RVEL in the inflammatory

response of dental pulps exposed to the oral environment.

Methods
The study protocols were approved by Institutional Animal Care and Use
Committees of the Pontifical Catholic University of Rio Grande do Sul (PUCRS)

under Protocol #09/00131.

The sample consisted of the right mandibular first molars of 42 male
Wistar rats weight 230-270 g (3 months old). Six animals were used to observe
the characteristics of untouched dental pulps (negative control). The remaining
36 animals were used for testing the effect of topical application of 0.1%
ethanol (vehicle of RVE1L - positive control), RvE1 (1 pg/ml in 0.1% ethanol) and
a corticosteroid/antibiotic association (Otosporin®, Wellcome, Sado Paulo, SP,

Brazil), on infected dental pulps.

Surgical Procedures

To perform the experimental procedures, the animals were anesthetized
intraperitoneally with ketamine 80 mg/Kg body weight and xylasine 20 mg/Kg
body weight (Virbac do Brasil, Juruatuba, SP, Brazil). Mouth opening was
achieved by using a previously designed device (21), and the soft tissues were

kept away with the aid of dental forceps.
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In order to induce pulp inflammation and its infection, dental pulps were
exposed by drilling cavities on the central portion of the oclusal surface, with a
1011 HL round bur (KG Sorensen, Cotia, SP, Brazil) in high speed under
copious water cooling to a depth nearly equal to the bur diameter (1 mm), and
the teeth were left open to the oral environment for 24 hours. After this period,
debris were removed from the cavities using Rhein probes and the teeth were
irrigated with 0.9% sterile saline solution. The cavities were dried with sterile
cotton pellets and 0.1% ethanol (vehicle of RvEl), RVE1l or a
corticosteroid/antibiotic association was applied directly on the pulp tissue with
sterile cotton pellets. The teeth were sealed with silver amalgam. The animals
were divided into two experimental periods (n= 6 per group), in which the
medications remained for 24 and 72 hours. At these periods, euthanazia was
performed by inhalation of overdose of isoflurane (BioChimico, Itatiaia, SP,

Brazil), and the jaws were dissected and processed for histological evaluation.

Sample preparation and histological analysis

Samples were fixed with buffered 10% paraformaldehyde for 24 hours,
decalcified in 17% EDTA (ethylenediaminetetraacetic acid) for 5 weeks,
dehydrated in ascending concentrations of ethanol, and embedded in paraffin.
Five-micrometer serial sections in the vestibular-lingual direction were stained
with hematoxylin-eosin. Three sections were selected for each sample, so the
central portion of the teeth was visible.

A histological analysis was performed, emphasizing the characteristics of
the dental pulp tissue. After a training session explaining the gold standard of

the evaluation parameters, two blinded, calibrated examiners (Kappa>0.7;
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P<0.001) analysed and graded the intensity of pulp inflammation and extension
of pulp damage (Tables 1 and 2).
Statistical Analysis

Sample size estimation was obtained using SPSS® 16 for Mac (SPSS,
Chicago, IL, USA). Statistical analysis was performed by using statistical
software (Prism version 4.00 for Windows; GraphPad Software, San Diego, CA,
USA). Histological data were evaluated using two-way ANOVA (analysis of
variance) and Bonferroni post-hoc. Differences were regarded significant when

P<0.05.

Results

During the experimental procedures and histological preparation five
samples were lost. Due to this reason, 37 specimens were evaluated only.

None of the tested drugs promoted pulp tissue characteristics that totally
resembled those of the reference untouched teeth (Figure 1, A and B). On the
other hand, the scores used for histological evaluation showed that RVE1
treated teeth presented reduction of both intensity and extension of pulp tissue
alterations compared to the other groups (Figure 1, A).

At the 24 hours post-operative period, the 0.1% ethanol-medicated teeth
presented intense inflammatory infiltrate, mainly consisting of neutrophils, and
hyalinization areas in response to the procedures. Fiber condensation was
observed, and the changes were restricted to the cervical third of the root
canals (Figure 1, C). Nevertheless, after 72 hours, a broader pattern of
hyalinization areas could be observed through cervical and middle thirds of root

canals. Degenerative alterations were predominant compared to cellular
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inflammatory response. Inflammatory cells, when present, mainly consisted of
monocytes (Figure 1, D). In some samples, abundant blood vessels and
hemosiderin pigmentation were also observed.

After the 24 hours of treatment with RvE1l a mild inflammatory infiltrate,
mainly comprised of neutrophils, was observed. In some samples few
monocytes and macrophages could also be observed. The inflammation was
restricted to the coronal portion of the teeth and the entrance of root canals,
being limited by fiber condensation and surrounded by healthy pulp tissue with
abundant cells and vessels (Figure 2, A). After 72 hours, the response was
characterized by a striking decrease in the overall distribution of inflammatory
cells, which mainly consisted of monocytes and macrophages. In some
samples, hyalinization areas could be also observed. These alterations, when
present, were contained, being restricted to the cervical third of the root canals
(Figure 2, B).

In contrast, teeth treated with corticosteroid showed a variable
inflammatory response during the two experimental periods. Although some
specimens presented reduced inflammatory response, most of them showed
intense inflammatory infiltrate abundantly comprised of neutrophils and
extensive hyalinization areas, which were not limited by fibrous condensation,
and reached the cervical and middle third of the root canals. In both evaluated
periods, degenerative alterations were predominant compared to cellular
inflammatory response. Abundant vessels and external root resorption could be

observed in some specimens (Figure 3, A and B).
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Discussion

The current results showed, for the first time, the beneficial effects of
direct application of RVE1 on dental pulp tissue. Besides, differently from other
studies (8-9), the effect of the tested medications were evaluated in infected
dental pulps, which has been considered a limitation to the success of direct
pulp capping (6-7,22).

RVE1 promoted contained and milder pulp alterations compared to 0.1%
ethanol and corticosteroid. Similarly, other studies showed that RvE1l has
potential for favoring healing and leading to tissue homeostasis in situations of
microorganisms-mediated inflammation (19-20,23-24). Homeostasis is the
maintenance of the internal environment within tolerable limits and is often
described as a process of equilibrium where basal biological processes take
part. Since RvVE1 has no inherent known antibacterial activity (20), its action on
pathogen aggression is likely related to the stimulation of physiologic pro-
resolution responses. As previously stated, RVE1 acts at the cellular and tissue
level generating specific mediators that can dampen the magnitude of the
leukocyte infiltrate during inflammation and promote resolution (25-26).
Accordingly, it has already been demonstrated that RVE1 specifically interacts
with neutrophils and monocytes receptors to regulate leukocytes during
inflammation (15), and also stimulates the uptake and clearance of local
cytokines (27) and the amendment phagocytosis by the macrophages.

Differently, corticosteroids act on the host defense inhibiting pathways
that are implicated in tissue healing. The blockage of aracdonic acid impair the
production mediators of the inflammatory process, i.e cycloxygenase 2 (COX-

2), which take part of the mechanisms of inflammation-based damage, but are
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essential for wound healing and resolution processes. As a matter of fact, the
production of pro-resolution mediators are derived from the aracdonic acids and
stimulated by the COX-2 in the later stages of inflammation (12, 25-26).

Differently from some previous reports (8-9), our results showed no
beneficial effects of the direct application of corticosteroid on pulp tissue, which
also led to external root resorption in some samples. These findings could be
related to the milieu created, which included a persistent stimuli triggered by
pathogens and to the longer periods in which the pulp tissue was exposed to
the tested treatments. Although the use of corticosteroids seems to control pulp
tissue inflammatory reactions on a short term basis, its action for longer periods
likely results in the retardation of tissue repair (8-9,11). Besides, unlike RVEL,
corticosteroids act blocking host defense instead of modulating it, which
certainly contributes in the perpetuation of pathogen-triggered damage,
resulting in more extensive and intense alterations.

Pro-resolution lipid mediators act by inducing a lipid profile switch,
activating a non-inflammatory pathway and changing cell phenotypes rather
than jut blocking a physiological process (28). In the present study, teeth
treated with RvE1l showed mainly a cellular response, with little if any
alterations that resembled degeneration, especially after 72 hours. Also
noteworthy, at 72 hours two key features of the pulp response to RVE1l were
observed; first, a mild monocitic infiltrate was the predominant feature within the
tissue and, second, these cells and the process as a whole were particularly
contained within the pulp are adjacent to the exposition. The non-flogistic
recruitmet of monocytes has been characterized as a key feature of the late

phases of inflammation as a response to RvE1l, and is explained by the
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biological need for clearance of infiltrated, no-longer in demand, now apoptotic,
neutrophils (26). In contrast, teeth treated with 0.1% ethanol or corticosteroid,
promoted degenerative alterations and partial pulp necrosis, which revealed the
irreversible damage induced on the pulp. In this regard, the results show that
RVEL1 has a striking potential to be explored for the treatment of exposed and
infected dental pulps due to its pro-resolution and protective properties.

The results presented herein have uncovered protective roles for RvVE1
in pathogen-mediated inflammation that are both anti-inflammatory and
protective for host defense, suggesting that RVELl represents an important
candidate for novel therapeutic strategies that aim at improving success of

conservative treatment of infected dental pulps.
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Table 1. Scores used to evaluate the intensity of pulp inflammation

Score
1
2

Criteria for classifying the characteristics of pulp tissue
Absence of inflammation and hyalinization areas

Slight inflammatory infiltrate restricted by fiber condensation;
underlying tissue showing absence of inflammatory cells and
hyalinization areas

Moderate inflammatory infiltrate or small hyalinization areas/tissue
necrosis restricted by fiber condensation; underlying tissue showing
small hyalinization areas

Moderate inflammatory infiltrate or extensive hyalinization
areas/tissue necrosis not restricted by fiber condensation; underlying
tissue showing sparse inflammatory cells

Severe inflammatory infiltrate or extensive hyalinization areas/tissue
necrosis dominating the pulp tissue

Table 2. Scores used to evaluate the extension of pulp damage

Score
1
2

Criteria for classifying the extension of pulp alterations
Absence of inflammation and hyalinization areas

Inflammatory/degenerative responses restricted to the area of pulp
exposure

Inflammatory/degenerative responses restricted to the entrance of
root canals

Inflammatory/degenerative responses restricted to the cervical third
of the root canals

Inflammatory/degenerative responses not restricted to the cervical
third of the root canals, reaching the middle third
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Figure Legends

Figure 1. (A) Histological analysis of pulp tissue at 24 and 72 hours post
treatment. At 24 hours, treatment with RVE1l presented a less intense
inflammatory response compared to the corticosteroid (% %P<0.01). Untouched
teeth were significant different from the RVE1 medicated teeth (eeP<0.01) and
from the other test groups (A A AP<0.001). After 72 hours RvE1l promoted
significant milder inflammation compared to 0.1% ethanol (% % %P<0.001) and
to corticosteroid (% %*P<0.01). Negative control were significant different from
the other three groups (A A AP<0.001). Related to the extension of pulp
damage, at both post operative periods, 24 and 72 hours, RVE1l produced a
containment of inflammation compared to 0.1% ethanol and to corticosteroid
(*¥P<0.05; *%*P<0.01, respectively). None of the drugs promoted tissue
characteristics that totally resembled untouched teeth (A AP<0.01;
A A AP<0.001). (B) Histological aspects of untouched teeth. Absence of
inflammatory and degenerative alterations in the entire extension of pulp tissue;
hematoxylin-eosin stain, original magnification 50x. (C) At 24 hours, 0.1%
ethanol-treated teeth showed intense neutrophilic infiltrate (%) and pulp
damage restricted to the cervical third of root canals (arrows); hematoxylin-
eosin stain, original magnification 50x and detail of figure (o) 100x. (D) At 72
hours, pulp tissue subjected to 0.1% ethanol medication showed extensive
damage (arrows), intense inflammatory infiltrate (%) and degenerative
alterations ( A); hematoxylin-eosin stain, original magnification 50x and detail of
figure (o) 100x.

Figure 2. Histological aspects pulp tissue after topic application of RVE1l. At 24
hours (A) a mild and contained cellular inflammatory response was observed
(%). Pulp damage was limited to the areas of pulp exposure or to the entrance
of root canals (arrows); hematoxylin-eosin stain, original magnification 50x and
detail of figure (o) 100x. At 72 hours (B) a mild monocytic cell infiltrate (%) was
detected reaching the cervical third of the root canals (arrows), although limited
by fibrous condensation (*) and surrounded by healthy tissue; hematoxylin-
eosin stain, original magnification 50x and detail of figure (o) 100x.
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Figure 3. Histological aspects of topical corticosteroid treatment at 24 hours (A)
and 72 hours (B) in infected dental pulps. Response mainly consisted of
degenerative alterations and partial necrosis (%). In both periods the pulp tissue
damage was not restricted by fibrous condensation and reached the middle
third of the root canals (arrows). In some samples external root resorption was
detected (*); hematoxylin-eosin stain, original magnification 50x and detail of
figure (o) 100x.
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3. DISCUSSAO

Os resultados deste trabalho mostraram, pela primeira vez, os efeitos
benéficos da aplicacdo topica da RvE1l sobre o tecido pulpar. Além disso,
diferentemente de outros estudos (16-17), o efeito dos medicamentos testados
foi avaliado em polpas dentais infectadas, o que tem sido considerado uma
limitagdo para o sucesso do capeamento pulpar direto (8-9,11).

A RVE1l promoveu alteragbes pulpares mais contidas e mais leves,
comparadas ao etanol 0.1% e ao corticosterdide. Da mesma forma, outros
estudos mostraram que a RvE1 tem potencial para favorecer a cicatrizacéo,
levando o tecido a homeostase em situacbes de inflamacdo mediada por
microrganismos (21,28-30). A homeostase é a manutencdo do ambiente
interno dentro de limites tolerdveis e € muitas vezes descrita como um
processo de equilibrio. Uma vez que a RvE1 ndo tem atividade antibacteriana
inerente (29), sua acdo sobre patdgenos agressores estd provavelmente
relacionada ao estimulo de respostas fisiologicas. Como ja afirmado
anteriormente, a RvE1l atua no nivel celular e tecidual gerando mediadores
especificos que podem atenuar a magnitude do infiltrado leucocitario durante a
inflamacéo e promover a resolucao (31-32). Assim, ja foi demonstrado que a
RVE1 interage especificamente com receptores de neutrofilos e mondcitos
regulando os leucécitos durante a inflamacédo (33), e também estimula a
captacdo e remocao de citocinas locais e a fagocitose pelos macrofagos (34).

Com mecanismo de acdo diferente dos mediadores lipidicos, os
corticosteréides tém influéncia sobre as vias de defesa do hospedeiro inibindo
rotas que implicam na cicatrizacdo do tecido. O bloqueio do acido araquidénico

prejudica a producdo de mediadores do processo inflamatorio, ou seja, da
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ciclooxigenase 2 (COX-2), que apesar de fazer parte dos mecanismos da
inflamacédo, é essencial para os processos de cicatrizacdo e resolucdo. Por
uma questdo de fato, a producdo de mediadores pro-resolucdo como as
lipoxinas € derivada do acido araquidbnico e estimulada pela COX-2 nos
estagios mais avancados da inflamacéo (31-32,35).

Diferentemente de outros estudos (16-17), os resultados apresentados
ndo mostraram efeitos benéficos na aplicacdo topica do corticosteréide no
tecido pulpar e reabsorcéo radicular externa pode ser observada em algumas
amostras. Estas observacfes podem estar relacionadas a infeccéo induzida e
aos longos periodos em que o tecido pulpar ficou exposto a medicacéao.
Embora os corticosterdides sejam utilizados por curtos periodos para o controle
da reacdo inflamatéria do tecido pulpar, a sua acédo por longos periodos pode
resultar no retardo do reparo tecidual (16-18). Além disso, ao contrario da
RVE1, os corticosterdides agem bloqueando a defesa do hospedeiro, em vez
de modula-la, o que certamente contribui para a continuidade dos danos
acionados pelos microrganismos, resultando em alteracBes mais extensas e
intensas.

Neste estudo o corticosterdide foi utilizado em associacdo com
antibiotico, comercialmente disponivel com o nome de Otosporin® e composta
por hidrocortisona (10 mg/ml), sulfato de polimixina B (10.000 U.I./ml) e sulfato
de neomicina (5 mg/ml). Esse tipo de associacdo é bastante utilizada e
suporta-se no fato de que a eficacia € maior que a do corticosteréide sozinho,
ja que o antibidtico atua sobre possiveis bactérias presentes no tecido

inflamado (17).
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Nos resultados do presente trabalho, os dentes tratados com RVE1l
mostraram principalmente uma resposta celular, com nenhuma ou pouca
alteracdo degenerativa, especialmente no segundo periodo experimental (72
horas). Em contraste, os dentes medicados com etanol 0.1% ou com o
corticosteréide, promoveram principalmente alteracdes degenerativas e
necrose pulpar parcial, o que revela o dano irreversivel induzido ao tecido
pulpar. A esse respeito, o0s resultados mostram que a RvVE1 tem um potencial a
ser explorado para o tratamento de polpas dentais expostas e infectadas
devido as suas propriedades pro-resolucdo e de protecdo. Por outro lado, a
observacédo de resolucdo completa ndo foi detectada. Este achado sugere que
mais estudos devem ser realizados com foco na obtencdo de concentracfes
ideais e sistemas de distribuicdo para o uso tépico de RvE1 na Endodontia.

O modelo utilizado de dente molar de rato € valido para teste pré-liminar
da biocompatibilidade de materiais utilizados na Odontologia, sendo as
pesquisas realizadas em polpas de molares de ratos transferiveis a humanos e
a outras espécies animais. Além disso, € um modelo de baixo custo e que pode
reduzir ao minimo o uso de outros animais de maior porte (36-37).

Os resultados apresentados revelaram as fun¢des de protecdo da RVE1L
na inflamacéo mediada por patdégenos que sao antiinflamatérias e de protecéo
para a defesa do hospedeiro, sugerindo que a RVE1l representa uma
importante candidata no desenvolvimento de novas estratégias terapéuticas
para melhorar os indices de sucesso do tratamento conservador da polpa

dental infectada.

39



4. CONSIDERACOES FINAIS

- Os resultados apresentados, neste trabalho, sugerem func¢des protetoras da
RVE1 na inflamacéo pulpar mediada por patégenos. Assim, a RvVE1 representa
uma candidata importante para novas estratégias terapéuticas que visem

melhorar o sucesso do tratamento conservador de polpas dentais infectadas.

- Investigacbes futuras deverdo concentrar-se na compreensdo dos
mecanismos bioldgicos envolvidos no processo do controle do dano pulpar em
resposta a RVE1l, no seu potencial como composto indutor de dentina
reparadora e na obtencdo de concentracOes ideais e sistemas de distribuicdo

para o seu tépico na Endodontia.
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6. ANEXO

CEUA§ Pontificia Universidade Catdlica do Rio Grande do Sul

PRO-REITORIA DE PESQUISA E POS-GRADUACAO
COMITE DE ETICA PARA O USO DE ANIMAIS

Oficio 127/09 — CEUA Porto Alegre, 17 de dezembro de 2009.

Senhor Pesquisador:

O Comité de Etica para o Uso de Animais apreciou e aprovou seu
protocolo de pesquisa, registro CEUA 09/00131, intitulado: “Efeito da
resolvina E1 - mediador lipidico antiinflamatério e pré-resolugao
na inflamacio pulpar e na indugdo de dentinogénese reparadora”.

Sua investigagdo esta autorizada a partir da presente data.
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