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RESUMO

AZUMA MM. Influéncia local e sistémica da suplementagao alimentar com
os acidos graxos 6mega-3 em ratos com infeccado endoddntica. 2017.
Tese (Doutorado) - Faculdade de Odontologia, Universidade Estadual Paulista,
Aracatuba, 2017.

O objetivo deste trabalho foi avaliar a influéncia da suplementagédo alimentar
com os acidos graxos 6mega-3 no processo inflamatorio local e sistémico de
ratos com periodontite apical (PA). Foram utilizados 40 ratos da linhagem
Wistar distribuidos em quatro grupos (n= 10): ratos controle (C); ratos
suplementados com dmega-3 (C-O); ratos com PA induzida (PA); ratos com PA
induzida suplementados com 6mega-3 (PA-O). Para a indugdo da PA, as
polpas dentarias foram expostas ao meio bucal durante 30 dias. O 6mega-3 foi
administrado pelo método gavage, uma vez ao dia, 15 dias antes da exposi¢céo
pulpar e 30 dias depois da exposigao pulpar. Apds este periodo, o sangue foi
coletado, por meio de pungao cardiaca, para a realizagdo do hemograma e
quantificacdo sérica das citocinas pro-inflamatérias fator de necrose tumoral
alfa (TNF-a), Interleucina 6 (IL-6) e Interleucina 17 (IL-17), pelo método ELISA.
ApOs a coleta sanguinea, os ratos foram eutanasiados e as maxilas e
mandibulas foram coletadas e submetidas a processamento para analise
histologica, em hematoxilina e eosina, bem como analise imunoistoquimica
para os marcadores fosfatase acida resistente ao tartrato (TRAP), osteocalcina
(OCN), TNF-a, IL-6, IL-17, Interleucina 13 (IL-1B) e Interleucina 10 (IL-10). Os
resultados foram analisados por testes estatisticos especificos para cada caso
(p<0,05). O grupo PA apresentou infiltrado inflamatério mais intenso, bem
como maior area de reabsorgdo 0ssea na regido periapical quando comparado
ao grupo PA-O (p<0,05). Além disso, observou-se maior numero de
osteoclastos e citocinas pré-inflamatérias, representadas por TNF-a, IL-18, IL-6
e IL-17, bem como menor numero de osteoblastos e da citocina anti-
inflamatoria 1L-10 no grupo PA quando comparado ao grupo PA-O (p<0,05).
Em relagcdo as alteragdes sistémicas, a presenca de quatro focos de PA

aumentou os niveis séricos de leucocitos, linfocitos, mondcitos, TNF-o. e IL-6



(p<0,05) e a suplementacao alimentar com os acidos graxos 6mega-3 diminuiu
os niveis sericos de leucacitos e linfécitos de ratos com PA (p<0,05). Conclui-
se que a suplementagdo alimentar com os acidos graxos 6mega-3 reduz o
processo inflamatério e a reabsorgao éssea da regido periapical, bem como as
células inflamatorias do sangue, de ratos com infecgdo endoddntica.

Palavras-chave: Periodontite apical, acidos graxos 6mega-3, medicina
endodéntica



ABSTRACT

AZUMA MM. Local and systemic influence of the dietary supplement with
omega 3 fatty acids in rats with endodontic infection. 2017. Doctoral thesis-
School of Dentistry, Sao Paulo State University, Aragatuba, 2017.

The aim of this study was to evaluate the effects of the dietary supplement
omega 3 polyunsaturated fatty acids on the local and systemic inflammatory
response of rats with apical periodontitis (AP). Forty male rats were divided into
groups: control untreated rats (C), control rats treated with omega 3 alone (C-
0), rats with pulp exposure-induced apical periodontitis (AP), and rats with pulp
exposure-induced AP treated with omega 3 (AP-O). The pulps were exposed to
the oral environment during 30 days for the development of AP. Omega 3 was
administered by gavage method, once a day, for 15 days before pulp exposure
and, subsequently, 30 days after pulp exposure. After 30 days, blood samples
were collected by cardiac puncture and subjected to blood count and the serum
levels of the proinflammatory cytokines tumor necrosis factor alpha (TNF-a),
Interleukin 6 (IL-6), and Interleukin 17 (IL-17) were measured using ELISA
method. Subsequently, rats were killed and maxillae and jaws were collected
and subjected to histologic analysis, using hematoxylin and eosin staining.
Immunohistochemistry was performed in order to detect TRAP-positive
osteoclast cells (TRAP), Osteocalcin-positive osteoblasts cells (OCN), TNF-a,
IL-6, IL-17, Interleukin 13 (IL-1B) and Interleukin 10 (IL-10). Results from the
different analysis were subjected to statistical analysis, using specific statistical
methods according to each analysis (p<0.05). AP group showed more severe
inflammatory infiltrate as well as higher area of bone resorption in the periapical
region compared to AP-O group (p<0.05). Moreover, the number of TRAP-
positive cells as well as proinflammatory cytokines, such as TNF-a, IL-1p, IL-6,
and IL-17 were higher in AP group compared to AP-O group (p <0.05). In
addition, the number of OCN-positive cells and the anti-inflammatory cytokine
IL-10 decreased in AP group compared to AP-O group (p<0.05). Regarding
systemic alterations, the presence of four AP focus increased the serum levels

of leukocytes, lymphocytes, monocytes, TNF-a, and IL-6 (p<0.05). The dietary



supplement with omega 3 decreased the serum levels of leukocytes and
lymphocytes of rats with AP (p<0.05). It may be concluded that the dietary
supplement with omega 3 fatty acids decrease the inflammatory process and
the pathological bone resorption in the periapical region, as well as serum
inflammatory cells of rats with apical periodontitis.

Key-words: Apical periodontitis, omega 3 fatty acids, endodontic medicine.
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l. INTRODUGAO GERAL E REVISAO DE LITERATURA

A periodontite apical (PA) é uma patologia caracterizada por
reabsorcdo Ossea, em resposta a infeccdo bacteriana oriunda dos canais
radiculares (Kawashima et al., 1996). A resposta do hospedeiro é dependente
da participacdo de diversas células inflamatérias, que podem ser
representadas, principalmente, por linfocitos T, linfécitos B, macréfagos
(Liapatas et al., 2003), além de células 6sseas especificas, como ostedcitos,
osteoblastos e osteoclastos (Xiong et al., 2009; Silva et al., 2012). Neste
cenario, varios mediadores inflamatérios sdo produzidos localmente, com a
finalidade de modular a resposta imune. Dentre eles, a expressido de citocinas
tem papel fundamental para que ocorra a indugdo e manutengao da resposta
inflamatodria (Xiong et al., 2009; Colic et al., 2009; Fan et al., 2011) e o
processo de reabsorgao 0ssea (Siqueira&Rogas, 2007; Silva et al., 2012).

O tratamento endoddntico convencional, que visa a remocao
mecanica e quimica do conteudo necrético dos canais radiculares tem sido o
procedimento padrdo para o tratamento da PA, o que, consequentemente,
reduz o estimulo antigénico dos tecidos periapicais, diminuindo a intensidade
da resposta inflamatdria do local afetado, e estimulando o processo de reparo
dos tecidos periapicais. Entretanto, até o momento, a literatura esta escassa de
estudos a respeito de outros fatores influentes neste processo de reabsorcao
O0ssea de dentes com infeccdo endodéntica (IE). Assim, um dos focos deste
trabalho foi o de avaliar a influéncia de um suplemento, comumente utilizado
por pacientes, sobre o processo de reabsorcdo 0ssea dos tecidos periapicais
decorrente da infecgao endodéntica.

O 6mega-3, que é o principal acido graxo poli-insaturado, tem como
componentes os acidos eicosapentanodico (EPA) e docosahexaendico (DHA),
que competem com o acido araquiddnico nas vias lipoxigenase (LOX) e ciclo-
oxigenase (COX), o que resulta na redugdo da sintese de metabolitos pro-
inflamatorios (Calder, 2006). Assim, o 6mega-3 tem sido estudado por ter um
papel importante na modulagdo da resposta inflamatoria (Bittiner et al., 1988;

Mariane Maffei A zuma- Tese de Doutorado
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Ariza et al., 1998; Vardar et al., 2004). O DHA tem mostrado efeitos anti-
inflamatdrios, visto que sua presenca pode diminuir a producéo de interleucina
1 e interferir nas vias de sinalizacdo que conduzem a inducdo da ciclo-
oxigensase-2 em células endoteliais (Massaro et al., 2006). O EPA reduz os
niveis de acido araquiddnico disponiveis e compete com o mesmo, 0 que
diminui a producédo de seus metabdlitos, as prostaglandinas e os leucotrienos
e, como consequéncia, ocorre a diminuigado da resposta inflamatéria (Mukaro et
al., 2008). Além disso, tem sido demonstrado que a dieta com 6mega-3 protege
camundongos contra infeccdo de inumeros patdégenos bacterianos
extracelulares, regula os niveis de triglicérides e colesterol no soro, altera
funcdes celulares de leucdcitos polimorfonucleares, modula a proliferacdo de
linfocitos e producdo de citocinas, e aumenta a capacidade anti-oxidante
endogena (Blok et al., 1992; Fernandes & Venkataraman, 1993). Estes
aspectos demonstram que o 6mega-3 possui efeitos anti-inflamatorios, anti-
trombatico, anti-arritmico, hipolipemiantes e vasodilatadores. Por causa de
suas propriedades anti-inflamatorias, o 6mega-3 tem sido aceito como uma
terapia complementar ao tratamento convencional de doencas inflamatérias
cronicas, como a artrite reumatoide (Lee et al., 2012; Miles et al., 2012),
doengas cardiovasculares (Dinocolantonio et al., 2014; Jain et al., 2015) e
diabetes (Farsi et al., 2014; Elwakeel & Hazaa, 2015). Além disso, sabe-se que
os acidos graxos e mediadores lipidicos derivados do 6mega-3 tem um papel
importante na regulagdo do metabolismo 6sseo (Hogstrom et al., 2007; Maggio
et al., 2009).

Em odontologia, o 6mega-3 tem sido estudado como uma terapia
complementar ao tratamento de doengas inflamatorias, como gengivite,
periodontite e estomatite aftosa recorrente (Araghizadeh et al., 2013; Bendik et
al., 2009; El Khouli & EI-Gendy, 2014). Sabe-se que a suplementacdo alimentar
com Omega-3 reduz a quantidade de mediadores pro-inflamatoérios,
Interleucina-1p (IL-1B) e fator de necrose tumoral-alfa (TNF-a), bem como o
infiltrado inflamatério dos tecidos gengivais de ratos com gengivive
(Araghizadeh et al., 2013). Na periodontite, os resultados do 6mega-3 estao
associados com a diminuigdo de perda 6ssea (Kesavalu et al., 2006; Bendik et
al., 2009), diminuicdo de mediadores pro-inflamatorios dos tecidos gengivais

Mariane Maffei A zuma- Tese de Doutorado
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(Vardar et al., 2004; Vardar et al., 2006; Kesavalu et al., 2007), e melhora dos
sintomas clinicos, como reducdo da inflamagéao gengival e da profundidade de
bolsa periodontal, e aumento do nivel de inser¢do 6ssea (Deore et al., 2014).
Diante dos resultados positivos associados ao Omega-3 no
tratamento de doengas inflamatérias que acometem a cavidade bucal,
achamos oportuno investigar se o0 mesmo poderia exercer efeitos no controle
da inflamagéo e no processo de reabsorcdo dssea dos tecidos periapicais de
ratos com IE. O artigo 1 desta dissertagdo aborda os efeitos do 6mega-3 no
processo de reabsorgdo Ossea, por meio da observacdo dos osteoclastos,
células responsaveis pela reabsorgcdo é6ssea, e dos osteoblastos, células
responsaveis pelo processo de formagao 6ssea. O artigo 2 aborda os efeitos
do édmega-3 no processo inflamatorio, por meio da observagao da expresséo
de mediadores pro-inflamatorios, representados por TNF-a, IL-1p, Interleucina-
6 (IL-6) e Interleucina-17 (IL-17), bem como pela expressdo do mediador anti-
inflamataorio Interleucina-10 (IL-10), nos tecidos periapicais de ratos com IE.
Além das injurias locais, sabe-se que a PA pode trazer
consequéncias indesejaveis sistemicamente, comprometendo a saude geral do
individuo. Por mais de um século, a relagcio bidirecional entre doencgas locais e
sistémicas tem sido alvo de intensos debates e controvérsias. No inicio dos
anos 1900s, a teoria da infeccdo focal se tornou popular, o que ocasionou
medo na populacdo daquela época, visto que a teoria sugeria que muitas
enfermidades sistémicas eram consequéncia de infecgbes locais, cuja origem
era a boca (Miller et al., 1891; Billings, 1914). Devido a isso, a exodontia era o
primeiro tratamento de escolha para qualquer doenga que acometesse a
estrutura dentaria (Pallasch & Wahl, 2003). Apesar de sua popularidade, a
teoria da infecgao focal foi desacreditada em meados de 1900s, devido a falta
de evidéncias cientiticas que a comprovasse (Newman, 1996). Entretanto,
alguns pesquisadores continuaram intrigados sobre as possiveis conexdes
entre doengas bucais e sistémicas e, no inicio do século XXI, estudos sobre o
assunto em questédo voltaram a surgir, principalmente na area de periodontia.
Apesar da endodontia e periodontia terem a patogénese semelhante em
relagdo a resposta inflamatoria frente a microorganismos, com consequente
processo inflamatério e destruicdo de tecido Osseo, pode-se notar que a
“Medicina Endodéntica” ndo tem sido abordada com a mesma abrangéncia que
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a “Medicina Periodontal’. Desde 2012, a “American Heart Association”
considera que a doencga periodontal e a doenca vascular aterosclerose estao
inter-relacionadas (Lockhart et al., 2012). Em contrapartida a isso, no mesmo
ano, a “American Association of Endodontists” escreveu uma nota
esclarecendo que ndo existe nenhuma evidéncia cientifica valida de que existe
uma inter-relagdo entre infecgdo endoddntica e doengas sistémicas (American
Association of Endodontists, 2012). Apos 2012, as publicagbes a respeito do
assunto aumentaram, entretanto, varias lacunas a respeito da conexao entre
infecgdo endodéntica e doencgas sistémicas precisam ser preenchidas.

Sabe-se que a PA é capaz de potencializar alteragdes sistémicas
causadas pela diabetes mellitus em ratos, aumentando os niveis séricos de
triglicérides (Cintra et al.,, 2013 a), creatinina (Cintra et al., 2013 b),
hemoglobina glicada (Cintra et al., 2014 c), mediadores pré-inflamatérios, como
a IL-17 (Cintra et al., 2014 b), além de alterar alguns parametros do
hemograma, com destaque a série branca (Cintra et al., 2014 a). Além disso, a
PA potencializa os efeitos da diabetes nos parametros oxidativos, por meio do
aumento dos niveis séricos de acido urico e dimuicdo dos niveis de albumina
(Prieto et al., 2017). Em humanos, verificou-se que a PA esta associada ao
descontrole glicémico e aumento da proteina C reativa de pacientes diabéticos
tipo 2 (Sanchéz-Dominguéz et al., 2015; Al-Zahrani et al., 2017).

Embora nos ultimos anos a correlacdo entre doencgas
cardiovasculares e IE tenha sido controversa (Berlin-Broner et al., 2016),
estudos realizados em 2014 e 2016 em humanos, concluiram que a PA esta
associada, de forma independente, a presenca de doenga arterial coronariana,
especialmente a sindrome coronariana aguda (Costa et al., 2014; Liljestrand et
al., 2016).

Em humanos sem doencas sistémicas, a presenca de PA esta
associada com o aumento do estresse oxidativo (Inchingolo et al., 2013), em
animais, observou-se que a PA esta relacionada com o aumento de
mediadores pro-inflamatorios no cérebro de fetos cujas maes possuem PA
(Bain et al., 2013), aumento sérico dos mediadores pro-inflamatérios TNF-a, IL-
6, IL-17, Interleucina 23 (IL-23), Interferon gama (IFN-y) e éxido nitrico (Cintra

et al., 2016), além de promover uma diminuigdo do sinal insulinico no sangue e
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musculo esquelético (Astolphi et al., 2013; Astolphi et al., 2015; Pereira et al.,
2016; Pereira et al.,, 2017), o que pode predispor o desenvolvimento de
doencas metabdlicas, como a diabetes mellitus.

Diante dos resultados que a literatura nos fornece até o momento sobre
o possivel impacto que a PA pode causar na saude geral, o terceiro foco deste
trabalho, abordado no artigo 3 desta tese, foi o de investigar se a
suplementacao alimentar com 6mega-3 seria capaz de amenizar as alteragdes
sistémicas, representadas pelos niveis séricos de células e mediadores

inflamatdrios, decorrentes da infeccao endodéntica.
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I1. OBJETIVOS
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Objetivo Geral

O objetivo geral deste estudo foi avaliar a influéncia da
suplementagdo alimentar com os acidos graxos Omega-3 Nno processo
inflamatorio local e sistémico de ratos com e sem periodontite apical (PA),
consequente da infeccdo endodéntica.

Objetivos especificos

1. Avaliar os efeitos da suplementagdo alimentar com os acidos
graxos Omega-3 na area de reabsor¢do Ossea de ratos com infeccéo
endodéntica, por meio de analise histologica e histométrica, bem como pela
imunomarcacao de células TRAP- postivias e OCN-positivas.

2. Avaliar os efeitos da suplementacdo alimentar com os acidos
graxos 6mega-3 no processo inflamatorio dos tecidos periapicais de ratos com
infecgdo endoddntica, por meio da imunomarcagdo dos mediadores
inflamatorios TNF-a, IL-1p, IL-6, IL-17 e IL-10.

3. Avaliar, sistemicamente, os efeitos da PA e os efeitos da
suplementagao alimentar com os acidos graxos 6mega-3, por meio da analise
do perfil hematolégico e quantificagdo das citocinas pré-inflamatérias IL-6, IL-
17, TNF-a no sangue, pelo método ELISA.
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III. Artigo 1
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Omega 3 fatty acids reduce bone resorption while promoting bone

generation in rat periapical periodontitis

§ Artigo publicado no periédico Journal of Endodontics

Abstract

Introduction: This study evaluated the effects of the dietary supplement omega
3 polyunsaturated fatty acids (w-3 PUFAs) on pulp exposure-induced apical
periodontitis (AP) in rats. Methods: Twenty eight male rats were divided into
groups: control untreated rats (C), control rats treated with w-3 PUFAs alone
(C-0), rats with pulp exposure-induced apical periodontitis (AP), and rats with
pulp exposure-induced AP treated with w-3 PUFAs (AP-O). w-3 PUFAs was
administered orally, once a day, for 15 days before pulp exposure and,
subsequently, 30 days after pulp exposure. Rats were sacrificed 30 days after
pulp exposure, and jaws were subjected to histological and
immunohistochemical analyses. Immunohistochemical analyses were
performed to detect TRAP-positive osteoclasts and osteocalcin-positive
osteoblasts on the bone surface of periapical area. Results were statistically
evaluated using ANOVA and Tukey's HSD, and P<.05 was considered
statistically significant. Results: The bone resorption lesion was significantly
larger in the AP group compared to C, C-O and AP-O groups (P < .05). The
level of inflammatory cell infiltration was significantly elevated, and the number
of TRAP-positive osteoclasts was significantly higher in the periapical lesion of
the AP group compared to AP-O, C and C-O groups (P < .05). The number of
osteocalcin-positive osteoblasts was significantly increased in the AP-O group
compared to the AP group (P > .05). Conclusion: Supplementation with w-3
PUFAs not only suppresses bone resorption, but also promotes new bone
formation in the periapical area of rats with apical periodontitis in conjunction
with downregulation of inflammatory cell infiltration into the lesion.

Keywords: apical periodontitis; omega 3 fatty acids, endodontic infection;

osteocalcin
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Introduction

Apical periodontitis (AP) is an inflammatory disease characterized by
inflammatory bone destruction in response to intracanal bacterial infection (1).
Bone remodeling processes, which are mediated by specific bone cells,
including osteocytes, osteoblasts and osteoclasts, appear to be dysregulated in
the periapical periodontitis lesion (2). Currently, mechanical removal of infected
dentin of root canals, accompanied by chemical disinfection, has been the
standard procedure to treat periapical periodontitis to reduce the level of
inflammation at the affected site. To date, however, alternative therapies able to
reduce bone resorption in periapical periodontitis are not available.

Omega 3 polyunsaturated fatty acids (w-3 PUFAs), as represented by
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have been
accepted as an adjuvant therapy in the treatment of chronic inflammatory
diseases, such as rheumatoid arthritis (3), cardiovascular disease (4) and
diabetes (5). In addition, w-3 PUFAs and lipid mediators derived from w-3
PUFAs are reported to have important roles in the prevention of pathogenic
bone resorption (6). These findings indicate that dietary supplement with w-3
PUFAs inhibits the activation of proinflammatory arachidonic acid cascade,
downmodulates acute inflammatory response by polymorphonuclear (PMN)
leukocytes, and suppresses proliferation of lymphocytes and their production of
proinflammatory cytokines (7,8). The production of proinflammatory factors,
such as prostaglandin E2 (PGEZ2), Interleukin- 18 (IL-1B) and tumor necrosis
factor alpha (TNF-a), as a consequence arachidonic acid cascade, acute
inflammatory response by PMN, and lymphocyte activation, is known to
promote osteoclastogenesis, while suppressing osteoblastogenesis (9,10).
Many studies have reported the positive effects of w-3 PUFAs as an adjunct
therapy for periodontal disease (11-15). However, to the best of our knowledge,
none of these studies has ever investigated the effect of w-3 PUFAs on
periapical bone resorption processes in either human patients with periapical
periodontitis or animal models of endodontic infection.

Osteocalcin (OCN) plays a key role as a calcium-binding protein and is
one of the most abundant non-collagenous proteins in bone tissue (16). The
expression of OCN is considered to be a biomarker of bone formation (17).
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Especially, OCN is produced by osteoblast cells in their late stage of
differentiation (18). While it has been reported that w-3 PUFAs can promote
homeostatic osteoblastogenesis-mediated new bone formation (19), the effects
of w-3 PUFAs on the expression of OCN, as well as on pathogenic bone
remodeling, remain unclear.

Therefore, this study aimed to evaluate the effect of the dietary
supplement w-3 PUFAs on the pathogenic bone resorption induced in a rat
model of periapical periodontitis by pulp exposure-elicited endodontic infection.
In order to evaluate the impact of w-3 PUFAs on dysregulated bone remodeling
processes, TRAP-positive osteoclast cells, as well as OCN-positive osteoblasts,
were monitored through histological and immunohistochemical analyses.

Materials and methods
Experimental animals

The experimental protocol was approved by the Institutional Ethics
Committee (CEUA 2014-00550) of UNESP-Univ Estadual Paulista, Sao Paulo,
Brazil, and conducted in accordance with relevant guidelines. Twenty eight six-
week-old male Wistar rats (Rattus norvegicus albinus) weighing 200-250g each
were used in this study. The rats were housed in a mini-isolator (Alesco, S&o
Paulo, SP, Brazil) in temperature-controlled rooms and given ad libitum access
to water and food.

The rats were randomly assigned into four groups (seven rats/group): 1)
control untreated rats (C), 2) healthy rats treated with w-3 PUFAs (C+0O), 3) rats
with pulp exposure-induced apical periodontitis (AP), and 4) rats with pulp
exposure-induced AP treated with w-3 PUFAs (AP+0O).

Supplementation with w-3 PUFAs

Rats in the C+O and AP+O groups were orally gavaged with w-3 PUFAs
(Omega 3 Catarinense-Laboratorio Catarinense S.A, Joinville, SC, Brazil)
(water solution, 40mg/kg; 60% EPA and 40% DHA, once a day), while rats in
groups C and AP received control distilled water during 15 days before AP

induction (prophylactic administration) and 30 days after AP induction
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(therapeutic administration). As a consequence, rats were either treated with w-

3 PUFAs or control water for a total period of 45 days (12,13).

Induction of apical periodontitis (AP)

Rats were anesthetized with ketamine (87 mg/kg; Francotar; Virbac do
Brazil Ind. e Com. Ltda., Roseira, SP, Brazil) and xylazine (13 mg/kg; Rompun;
Bayer S. A., Sdo Paulo, SP, Brazil). The pulp of the right mandibular first molar
was exposed using a dental round bur (Broca Ln Long Neck; Maillefer,
Dentisply Ind e Com Ltda, Petrépolis, SP, Brazil) (groups AP and AP-O) for the
development of AP. The coronal pulp tissue was exposed to the oral cavity for
30 days.

Immunohistological analyses

Mandibles sampled from sacrificed rats were decalcified in 10% EDTA
for 30 days and submitted to conventional histologic processing for the creation
of paraffin-embedded tissue section. Semi-serial sections (4um) were
performed in the laterolateral direction, allowing sectioning of the mandibular
first molar in its longitudinal axis. Sections were stained with hematoxylin-eosin
(H&E) or submitted to immunohistochemistry by using an indirect
immunoperoxidase technique for tartrate-resistant acid phosphatase (TRAP)
(primary antibody goat anti-TRAP SC 30832; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and primary antibody rabbit anti-osteocalcin SC-30044 for
osteocalcin, following the previously described protocol (20). Histopathologic,
histometric, and immunohistochemical analyses were performed by a certified
histologist (E.E.) who was blinded to the experimental groups.

Histologic analysis was conducted by using the following parameters:
nature and extension of inflammation, presence and extension of necrosis,
state of vasculature, and pattern of cellularity of dental and periapical tissues.

The intensity of inflammatory infiltration was graded as follows: absent (0
to few inflammatory cells: score 1); mild (< 25 inflammatory cells: score 2),
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moderate (25-125 inflammatory cells: score 3), or severe (>125 inflammatory
cells: score 4).

For AP and AP-O groups, the area of periapical lesion associated with
the distal root of the mandibular first molars was histometrically measured. The
area was calculated by rounding up the lesion boundary, considering the outer
external surface of alveolar bone, and it was expressed in square micrometers.
For each rat, 7 serial histologic sections were measured histometrically using an
image processing system, which consisted of a light microscope (DM 4000 B
Leica), a color camera (DFC 500, Leica, Wetzlar, Germany), a color image
processor (Leica Qwin V3 software, Leica, Wetzlar, Germany), and a personal
computer (Intel Corel 15, Windows 10). The apical periodontitis areas were
determined for each side, and the average value (mean + standard deviation)

was calculated for each experimental group.

The number of osteoclasts and osteoblasts was analyzed in the
histological section used for histometric analysis. The perimeter was calculated
by contouring the boundary of the apical periodontitis with the aid of Leica
Microsystems software. The number of TRAP-positive multinucleated cells as
well as OCN-positive cells was calculated in the perimeter and expressed in

cells/millimeter.

Statistical analysis

The number of TRAP-positive cells, OCN-positive cells and lesion size
were statistically determined using analysis of variance for multiple
comparisons, and the Tukey test was used for pairwise comparisons at 5%
significance. Histologic findings were analyzed with the Kruskal-Wallis test.
Dunn’s method was used for pairwise comparisons at 5% significance.
Statistical analyses were performed by using SigmaPlot software (San Jose,
CA, USA).

Results

Histopathologic and histometric Analysis
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To evaluate the effects of w-3 PUFAs on cell infiltrate in the apical
periodontitis, histologic images of H&E-stained periapical area in the different
experimental groups of rats sacrificed at day-30 were performed and are shown
in Figure 1. No sign of inflammation was noted in the periapical tissue of C or C-
O groups (Figures 1A, 1B, 1E and 1F). However, in the AP and AP-O groups,
the dental pulp showed signs of total necrosis at 30 days after pulp exposure,
and the enlargement of periapical space between bone and cementum of tooth
apex was observed, indicating that bone surrounding apex was pathogenically
resorbed in response to pulp exposure (Figures 1C, 1D, 1G and 1H).
Furthermore, these lesions were primarily composed of inflammatory infiltrates,
including neutrophils and mononuclear cells. Statistical analysis showed that
the magnitude of bone loss was higher in the AP group compared to the AP-O,
C-O, and C groups (P < .05). The intensity of inflammatory infiltration was
greater in the AP-O group (Figures 1G and 1H) compared to C (Figures 1A and
1B), C-O (Figures 1E and 1F) and AP groups (Figures 1C and 1D) (P < .05)
(Table 1).

To evaluate the effects of w-3 PUFAs in the bone resorption, the area of
AP was measured histometrically. The area of periapical lesion of mandibular
first molar was larger in the AP-O (Figures 1G and 1H) and AP (Figures 1C and
1D) groups when compared with the C (Figures 1A and 1B) and C+O groups
(Figures 1E and 1F) (P <.05). In addition, apical periodontitis was more evident
in the AP group when compared with the AP-O group (P <.05) (Figures 1C, 1D,
1G, 1H and Table 1).
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Table 1. Scores and median of the Intensity of inflammatory cells and
apical periodontitis area (um2) according to the groups

Histologic parameters Experimental groups Statistical analysis
Intensity of
inflammatory C C-O0 AP AP-O
infiltration
1: absent 77 77 0/7 5/7
2: mild 0/7 0/7 0/7 2/7 Kruskal-Wallis
3: moderate 0/7 07 3/7 07 P<.05
4: severe 0/7 0/7 417 0/7
Median* 12 12 4° 12
Apical periodontitis 1320+ 1278 % 129.08 43.94 +
. . Tukey P < .05
(x10™ ym? £ SD¥) 1.67° 1.71°2 +19.3 27.90°

*Different superscript letters indicate significant statistical differences in raws (P < .05).

C, control untreated rats; C-O, healthy rats treated with w-3 PUFAs; AP, rats
with pulp exposure-induced apical periodontitis; AP-O, rats with pulp exposure-
induced AP treated with w-3 PUFAs.
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Figure 1. Histologic images of periapical lesions at 30 days after pulp exposure
(H&E staining). (A and B) Group C. Periapical region is free of inflammatory
infiltrates (original magnification, x100 and x200, respectively). (E and F) Group
C-O. Similar to C, the periapical region is free of inflammatory infiltrates (original
magnification, x100 and x200, respectively). (C and D) Group AP. Intense
infiltration of inflammatory cells in the area surrounding tooth apex can be
observed. Severe disorganization of the periodontal ligament and large bone
resorption area are visible (hematoxylin; original magnification, x100 and x200,
respectively). (G and H) Group AP-O. Compared with AP, a decreased level of
inflammatory infiltrates is observed in the periodontal ligament region. The size
of bone resorption is also diminished compared to the AP group (hematoxylin;
original magnification, x100 and x200, respectively). Arrowheads indicate
margins of apical periodontitis. dp, dental pulp; pdl, periodontal ligment; ce,

cementum; ao, alveolar bone. * Site of infiltration of inflammatory cells.
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Histologic evaluation of TRAP-positive osteoclasts and OCN-positive cells
that emerged in periapical lesion

To evaluate bone remodeling and effect of w-3 PUFAs on

osteoclastogenesis, we performed TRAP-staining.

The histochemistry images of TRAP-staining are shown in Figure 2. The
number of TRAP-positive multinucleated cells per millimeter on the alveolar
bone surface of rats induced of apical periodontitis was higher in the AP and
AP-O groups compared to the C or C+0O groups (P < .05). In addition, the AP
group showed a higher number of TRAP-positive cells when compared with the
AP-O group (P < .05) (Figure 2).

In order to evaluate bone remodeling and effect of w-3 PUFAs on
osteoblastogenesis, we perfomed histochemistry to detect OCN-positive cells.
The histochemistry images of OCN-positive cells are shown in Figure 3. The
number of OCN-positive cells per millimeter on the alveolar bone surface of rats
induced of apical periodontitis was higher in the C and C-O groups compared to
the AP or AP-O groups (P <.05). In addition, the AP-O group showed a higher
number of OCN-positive cells when compared with the AP group (P <.05)
(Figure 3).
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Figure 2. Histological images and number (media and standard deviation) of TRAP-
positive multinucleated cells (arrowheads) stained in the periapical bone at 30 days after pulp
exposure groups. Representative images control groups C (A and B) and C-O (C and D), as
well as periapical periodontitis groups AP (E and F) and AP-O (G and H), are shown [ab,
alveolar bone; pdl, periodontal ligament]. After staining the section with TRAP, nuclei were
counterstained with hematoxylin. Original magnification: x100 (A, C, E and G) and x400 (B, D,
F, H). The number of TRAP-positive cells per mm in the perimeter of apical periodontitis in the
distal root of the mandibular first molar in the experimental groups are shown (I). *Statistically
difference between the indicated group and C, C-O and AP-O groups (P<.05). *Statistically
difference between the indicated group and C, C-O and AP groups (P<.05).
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Figure 3. Histological images and number (media and standard deviation) of osteocalcin (OCN)
expressed in osteoblasts (arrowheads). Representative images of non-exposed control groups
C (A and B) and C-O (C and D), as well as periapical periodontitis groups AP (E and F) and AP-
O (G and H), are shown [ab, alveolar bone; pdl, periodontal ligament]. After staining the section
with OCN, nuclei were counterstained with hematoxylin. Scale bars: Original magnification: C—
E, x100 (A, C, E and G) and x400 (B, D, F, H). The number of OCN-positive cells per mm in the
perimeter of apical periodontitis in the distal root of the mandibular first molar in the
experimental groups are shown (l). *Statistically difference between the indicated group and C,
C-0O and AP-O groups (P<.05). #Statistically difference between the indicated group and C, C-O
and AP groups (P<.05).
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Discussion

In the present study, systemic administration of w-3 PUFAs not only
decreased osteoclastogenesis, but also promoted osteoblastogenesis in the
context of bone resorption lesion of periapical periodontitis, suggesting that w-3
PUFAs can act on two different bone cells and ameliorate the pathogenic bone
loss outcomes of this disease. The pathogenic bone resorption induced in the
AP group by pulp exposure was significantly reduced by systemic
administration with w-3 PUFAs in the AP-O group. This result agrees with
previous studies performed in the rat model of periodontitis and human patients
with periodontitis (14, 21, 22). However, other studies concluded that dietary
supplement with w-3 PUFAs had no effect on bone resorption in human
patients with periodontitis (12, 13, 23). Nonetheless, none of these studies has
ever addressed the effects of w-3 PUFAs on pathogenic bone outcomes of
periapical periodontitis.

Rats that received prophylactic administration of w-3 PUFAs in addition
to therapeutic administration showed better outcomes in suppressing the bone
resorption induced in apical periodontitis compared to rats that received
therapeutic administration alone (12, 13). To explain, prophylactic
administration of w-3 PUFAs acid for 2 weeks allowed the accumulation of EPA
and DHA in the cell membrane (24), eventually promoting the robustness of
membrane stability and fluidity in response to inflammatory challenge by the
induction of periodontitis. It would be intriguing to examine in a future study if
prophylactic administration of w-3 PUFAs can also increase the efficacy of w-3
PUFAs on pathogenic bone loss induced by pulp exposure.

The present study corroborates the findings of (25) in which rats induced
of endodontic infection were supplemented with fish oil. Compared to
experimental rats that received placebo treatment, a decreased number of
osteoclasts was seen in periapical lesion of rats that received w-3 PUFAs.
Some in vitro studies have also demonstrated that w-3 PUFAs could decrease
osteoclastogenesis (26-29). It is well established that the metabolites of
polyunsaturated fatty acids, e.g., prostaglandin, hydroxyeicosatetraenoic acids,
and leukotrienes, act on osteoclast progenitors and suppress their RANKL-
mediated differentiation and activation (30, 31). According to an in vitro study,

Mariane Maffei A zuma- Tese de Doutorado



40

the effects of DHA on osteoclastogenesis are, at least in part, mediated by

lipoxygenase, a metabolic derivative of DHA (32).

The level of OCN is considered a marker of new bone formation (19).
Thus, our results showing an elevated number of OCN-positive osteoblasts in
the w-3 PUFAs-treated AP rats suggested that w-3 PUFAs could also improve
new bone formation, even in the context of inflammatory bone resorption lesion.
Further studies to elucidate the molecular mechanisms of bone formation
should be performed to verify this hypothesis.

In addition, we found a greater number of inflammatory infiltrates
in the periapical area of the AP group, causing more severe inflammatory
infiltration, when compared to AP-O and C groups. Inflammation is
characterized by a complex sequence of events involving alterations in the
inflammatory network, as well as rearrangement of innate immune cell
populations and changes in their activation status (33). Therefore, the presence
of inflammatory cells in the AP and AP-O groups indicates inflammatory
reaction to bacterial challenge in the periapical area. Reduced inflammatory
status in the AP-O group supports some studies showing the effects of w-3
PUFAs during inflammation (34, 35). These studies suggested that w-3 PUFAs
can competitively inhibit the production of arachidonic acid metabolites via the
cyclooxygenase (COX) and lypoxigenase (LOX) pathways, thus reducing
proinflammatory arachidonic mediators (34) and decreasing inflammatory
response (35).

The findings here in presented indicate that systemic supplementation
with w-3 PUFAs can decrease bone resorption in the periapical area of rats with
periapical periodontitis, as well as the number of infiltrating inflammatory cells
and the number of osteoclasts. Furthermore, w-3 PUFAs promoted
osteoblastogenesis in the lesion. In summary, this study lays the groundwork for
further investigation of w-3 PUFAs as a therapeutic regimen for periapical

periodontitis.
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Omega 3 fatty acids reduce inflammation in rat apical periodontitis

§ Artigo submetido para o periédico Journal of Endodontics

Abstract

Introduction: The effects of omega 3 polyunsaturated fatty acids (w-3 PUFAS)
on pro- and anti-inflammatory mediators were evaluated in a rat model of pulp
exposure-induced apical periodontitis (AP). Methods: Twenty-eight male Wistar
rats were divided into four groups: control untreated rats (C), control rats treated
with w-3 PUFAs (C-O), rats with pulp exposure-induced apical periodontitis
(AP), and rats with pulp exposure-induced apical periodontitis treated with w-3
PUFAs (AP-O). Omega 3 PUFAs were administered by gavage method once a
day for 15 days prior to the pulp exposure which was continued for 30 days
after pulp exposure. Rats were sacrificed 30 days after pulp exposure, and
dissected jaws were subjected to immunohistochemical analysis to detect
immunoreaction to tumor necrosis factor alpha (TNF-a), Interleukin-6 (IL-6),
Interleukin-13 (IL-1B), Interleukin-17 (IL-17) and Interlukin-10 (IL-10) on the
bone surface of periapical area. Results were statistically evaluated using the
Mann-Whitney test, and P < .05 was considered statistically significant.
Results: Immunoreaction to proinflammatory cytokines TNF-a, IL-6, IL-18 and
IL-17 was higher in the AP group compared to AP-O, C and C-O groups (P <
.05). Immunoreaction to the anti-inflammatory cytokine IL-10 was lower in the
AP group compared to AP-O (P < .05). Conclusion: Supplementation with w-3
PUFAs can modulate inflammatory response in rat apical periodontitis,
decreasing levels of TNF-qa, IL-6, IL-1B, IL-17 expression, and increasing the
level of IL-10 expression.

Keywords: apical periodontitis, omega 3 fatty acids, endodontic infection,
cytokines, bone resorption.
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Introduction

Apical periodontitis (AP) may be histologically characterized by the
presence of fibrous and granulated tissue and different inflammatory cell
infiltrates, including T lymphocytes, B lymphocytes and macrophages (1). This
periapical inflammatory process is a host immune response against bacterial
infection present in the necrotic pulp. When the host defense mechanism is not
able to eradicate the infection over time, chronic AP ensues, leading to
destruction of the bone structures in the periapical area (2).

In AP, several proinflammatory cytokines are produced locally to
mediate immune response. The production of proinflammatory cytokines has a
particular importance in the induction of bone resorption (3,4). Based on current
evidence, proinflammatory cytokines, such as tumor necrosis factor alpha (TNF-
a), Interleukin-6 (IL-6), Interleukin-13 (IL-1B), and Interleukin-17 (IL-17) may
stimulate osteoclastogenesis (OC-genesis) and bone resorption (5). Such
“cytokine storm” is directly related to the development of AP (4,5). On the other
hand, some studies suggest that Interleukin-10 (IL-10), which can suppress the
production of proinflammatory cytokines and chemokines, such as IL-1, IL-6
and TNF-a (6,7), is associated with down-modulation of AP development (5).
This suggests the importance of developing therapeutic regimens able to
downregulate proinflammatory response, but increase anti-inflammatory
response, during apical periodontitis to reduce the bone loss.

Omega 3 polyunsaturated fatty acids (w-3 PUFAs), as represented
by eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have been
studied as an adjuvant therapy in the treatment of oral diseases, including
gingivitis (8), periodontitis (9-11), apical periodontitis (12) and recurrent
aphthous stomatitis (13). Related findings have indicated that diet
supplemented with w-3 PUFAs may inhibit the production of arachidonic acid
metabolites via the cyclooxygenase (Cox2) and lipoxigenase pathways, thus
reducing the expression of proinflammatory response (Calder 2006), while
decreasing inflammatory symptoms (13). A previous study showed that w-3
PUFAs reduce bone resorption and promote bone generation on pulp
exposure-induced apical periodontitis in rats, leading to a decrease in TRAP-

positive cells and increase of osteocalcin-positive cells (12). However, to the
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best of our knowledge, no study has ever investigated the effects of w-3 PUFAs
on cytokine expression in either human patients with apical periodontitis or

animal models of endodontic infection.

Therefore, this study aimed to evaluate the effects of the dietary
supplement w-3 PUFAs on the inflammatory process and pathogenic bone
resorption induced in a rat model of pulp exposure-induced apical periodontitis.
To accomplish this, the effects of w-3 PUFAs on the production of
proinflammatory cytokines TNF-a, IL-1(3, IL-6, IL-17 and the anti-inflammatory
cytokine IL-10 were monitored in rat periapical tissues through

immunohistochemical analysis.

Materials and methods
Experimental animals

The experimental protocol was approved by the Institutional Ethics
Committee (CEUA 2014-00550) of the Universidade Estadual Paulista
(UNESP), Sao Paulo, Brazil, and it was conducted in accordance with relevant
guidelines. Six-week-old male Wistar rats (Rattus norvegicus albinus) (n=28),
weighing 200-250g each, were used in this study. The rats were housed in mini-
isolators (Alesco, S&o Paulo, SP, Brazil) in temperature-controlled rooms and
given ad libitum access to water and food.

The rats were randomly assigned into four groups (n=7/group): 1)
control untreated rats (C), 2) control rats treated with w-3 PUFAs (C-O), 3) rats
with pulp exposure-induced apical periodontitis (AP), and 4) rats with pulp
exposure-induced AP treated with w-3 PUFAs (AP-O).

Supplementation with w-3 PUFAs

Rats in the C-O and AP-O groups were administered by an oral
gavage with w-3 PUFAs (Omega 3, Catarinense Pharma-Laboratorio
Catarinense S.A, Joinville, SC, Brazil) (water solution, 40mg/kg; 60% EPA; 40%
DHA, once a day), while rats in groups C and AP received control distilled water

Mariane Maffei A zuma- Tese de Doutorado



49

during 15 days before AP induction (prophylactic administration) and 30 days
after AP induction (therapeutic administration). As a consequence, rats were
either treated with w-3 PUFAs or control water for a total period of 45 days
(9,12,14).

Induction of apical periodontitis (AP)

Rats were anesthetized with ketamine (87 mg/kg; Francotar, Virbac
do Brazil Ind. e Com. Ltda., Sdo Paulo, SP, Brazil) and xylazine (13 mg/kg;
Rompun, Bayer S. A., Sdo Paulo, SP, Brazil). The pulp of the right mandibular
first molars was exposed using surgical round burs (Broca Ln Long Neck;
Maillefer, Dentisply Ind e Com Ltda, Petrépolis, SP, Brazil) (groups AP and AP-
O) for the development of AP. The coronal pulp tissue was exposed to the oral
cavity for 30 days (12,15,16).

Immunohistological analyses

Mandibles sampled from sacrificed rats were decalcified in 10%
EDTA for 30 days and subjected to conventional histologic processing to make
paraffin-embedded tissue sections. Semi-serial sections (4um) were performed
in the laterolateral direction, allowing sectioning of the mandibular first molar in
its longitudinal axis. Sections were submitted to immunohistochemistry by using
an indirect immunoperoxidase technique for the cytokines TNF-a, IL-6, IL-1f,
IL-17 and IL-10 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), following a
previously described protocol (12,15,17). Immunohistochemical analyses were
performed by a certified histologist (E.E.) blinded to the experimental groups.
Semiquantitative immunolabeling of TNF-a, IL-6, IL-1B, IL-17 and IL-10 was
performed by a certified histologist who was blinded to the treatments. Three
histologic sections were used for each animal, and positive immunoreactivity
(IR) was defined as the presence of a brownish color in the cytoplasm of the
cells and extracellular matrix. Because immunolabeling of both cells and
extracellular matrix is important to this study, we performed semiquantitative
analysis to determine the number of immunoreactive cells and immunolabeling
intensity of the extracellular matrix. The scores were assigned as follows
(15,17): 1, complete absence of immunoreactive cells; 2 (low IR), a few
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immunoreactive cells and weak labeling of the extracellular matrix
(approximately one quarter of the immunoreactive cells); 3 (moderate IR), a
moderate number of immunoreactive cells and moderate labeling of the
extracellular matrix (approximately one half of the immunoreactive cells); and 4
(high IR), a large number of immunoreactive cells and strong labeling of the

extracellular matrix (approximately three quarters of the immunoreactive cells).

Statistical Analysis

Statistical analysis and data tabulation were performed using
SigmaPlot software (Systat Software Inc., San Jose, CA, USA). Nonparametric
data were analyzed by performing comparisons with the Mann-Whiteney Rank

Sum test. Significance was set at 5%.

Results

To evaluate the effects of w-3 PUFAs on pro- and anti-inflammatory
cytokine expression relative to apical periodontitis, cytokine immunoreactivity
(IR) was measured. Photomicrographs showing the IR pattern for TNF-q, IL-6,
IL-1B, IL-17 and IL-10 are shown in Figure 1.

Sections of teeth stained to detect TNF-a showed complete absence
of immunoreactive cells in groups without AP (C and C-O groups) (score 1).
Comparing AP and AP-O groups, the AP group predominantly showed
moderate IR (score 3), while the AP-O group predominantly showed low IR
(score 2) (P < .05) (Figure 1 and Table 1).

For IL-1B and IL-6 IR, groups C and C-O showed complete absence
of IR (score 1). The AP and AP-O groups were compared, and the AP group
showed moderate to high IR (scores 3 and 4), while the AP-O group showed
low to moderate IR (scores 2 and 3) (P < .05).

For IL-17 IR, groups C and C-O showed complete absence of IR
(score 1). When the AP group was compared to the AP-O group, the AP group
showed low to moderate IR (scores 2 and 3), while the AP-O group showed no
to low IR (scores 1 and 2) (P < .05).
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Moreover, IL-10 was not detected in groups C and C-O (score 1).
Comparing AP and AP-O groups, the AP group showed no to low IR (score 1
and 2), while the AP-O group showed low IR (score 2) (P < .05) (Figure 1).
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Table 1. Scores observed for TNF-, IL-143, IL-17 and IL-10 immunoreaction
according to different groups.

Cytokines Experimental groups
TNF-a C c-0 AP AP-O
1: absent 7/7 7/7 0/7 0/7
. Mann-Whitney test
2: low 0/7 0/7 1/7 6/7 C x C-O= p>0.05
3: moderate 0/7 0/7 6/7 1/7 C x AP x AP-O= p<0.05
4: hight 0/7 0/7 0/7 0/7
Median 12 12 3b 2c
IL-1B
1: absent 7/7 7/7 0/7 0/7
2: low 0/7 0/7 0/7 2/7 Mann-Whitney test
C x C-O= p>0.05
3: moderate 0/7 0/7 3/7 5/7 C x AP x AP-O= p<0.05
4: hight 0/7 0/7 4/7 0/7
Median 12 12 4b 3c
IL-6
1: absent 7/7 7/7 0/7 0/7
2: low 0/7 0/7 0/7 3/7 Mann-Whiteney test
C x C-0= p>0.05
3: moderate 0/7 0/7 3/7 4/7 C x AP x AP-O= p<005
4: hight 0/7 0/7 4/7 0/7
Median 12 12 4b 3¢
IL-17
1: absent 7/7 7/7 0/7 a4/7
2: low 0/7 0/7 5/7 3/7 Mann-Whitney test
3: g /7 0/7 2/7 0/7 C x C-O x AP-O= p>0.05
- moderate / / / / AP x AP-O= p<0.05
4: hight 0/7 0/7 0/7 0/7
Median 12 12 2b 12
IL-10
1: absent 7/7 7/7 5/7 0/7
2: low 0/7 0/7 2/7 7/7 Mann-Whitney test
3: moderate 0/7 0/7 0/7 0/7 € xC-0 x AP= p>0.05
AP x AP-O= p<0.05
4: hight 0/7 0/7 0/7 0/7
Median 12 i@ 12 2¢

Different letters in the raws mean that there is statistical significance difference, p<0.05

C, control untreated rats; C+O, control rats treated with w-3 PUFAs; AP, rats with pulp
exposure-induced apical periodontitis; AP-O, rats with pulp exposure-induced AP
treated with w-3 PUFAs
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Figure 1. Immunoreaction of TNF-a, IL-18, IL-6, IL-17 and IL-10 in the periapical bone
at 30 days after pulp exposure groups. Representative images of TNF-a
immunoreaction among the groups: C (A), C-O (B), AP (C), AP-O (D). Representative
images of IL-1B immunoreaction among the groups: C (E), C-O (F), AP (G), AP-O (H).
Representative images of IL-6 immunoreaction among the groups: C (I), C-O (J), AP
(K), AP-O (L). Representative images of IL-17 immunoreaction among the groups: C
(M), C-O (N), AP (O), AP-O (P). Representative images of IL-10 immunoreaction
among the groups: C (Q), C-O (R), AP (S), AP-O (T). Original magnification x400.

Mariane Maffei A zuma- Tese de Doutorado



54

Discussion

In the present study, systemic oral administration of w-3 PUFAs decreased
the expression of the proinflammatory cytokines TNF-a, IL-1B3, IL-6 and IL-17, and it
increased the expression of the anti-inflammatory cytokine IL-10 in the context of bone

resorption lesion of AP.

This study complements the results of a previous study, which showed that
systemic oral administration of w-3 PUFAs suppresses bone resorption and promotes
bone generation, thus decreasing OC-genesis, while increasing osteoblastogenesis
(OB-genesis), to maintain normal bone remodeling homeostasis (12). The present data
indicated that the expressions of proinflammatory and anti-inflammatory cytokines may

be associated with OC-genesis and OB-genesis, respectively, in APs.

During AP formation and development, inflammatory cells, including T cells,
B cells and macrophages, are recruited to periapical tissues in order to eliminate
infection. This results in a classical “cytokine storm” (1,4) in which TNF-a plays a key
role in increasing osteoclast (OC) sensitivity to nuclear factor kappa-B ligand (RANKL)
(18), which, together with its receptor RANK, upregulates osteoclast formation,
activation and survival in a variety of pathologic bone resorption conditions including
AP (4). In addition, it is well established that TNF-a, IL-6 and IL-1B act as
proinflammatory mediators during bone resorption in apical periodontitis (19). Other
mediators, such as IL-183, IL-6 and Cox2, are also regulated by NF-xf activation (20).
Importantly, many studies reported that EPA and DHA can inhibit the production of
TNF-a by preventing Nuclear Factor kappa B (NF-kB) activation (21,22). Therefore, it is
plausible that the lower expression of TNF-a, IL-18 and IL-6 in AP of rats
supplemented with w-3 PUFAs occurred through NF-k3 modulation by w-3 PUFAs.

Another study used Porphyromonas gingivalis (Pg)-induced experimental
periodontal disease in rats, and results showed that supplementation with w-3 PUFAs
decreased the expression of TNF-a, IL-1B and IL-6 in periodontal tissues (23). These
results corroborate those of the present report. In addition, while several studies have
reported on the expression of IL-17 in apical periodontitis (24,25), none has confirmed
its role in the development of disease. IL-17 appears to exacerbate chronic
inflammation, and it plays a role in cyst formation (24). We found that supplementation
with w-3 PUFAs decreased the expression of IL-17 in AP. Therefore, it is hypothesized
that DHA suppresses the activity of IL-17-producing CD4(+) T cells, as reported
previously (26). However, more studies should be performed to better elucidate the

role of IL-17 in AP of rats supplemented with w-3 PUFAs.
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It is well established that IL-10 is an anti-inflammatory cytokine and that it
can regulate B-cell proliferation and differentiation (27). Moreover, IL-10 directly affects
OC-genesis as a suppressor of bone loss in periodontal disease (28) and apical
periodontitis (29). In the present study, we found that the anti-inflammatory cytokine IL-
10 could suppress bone loss in rat AP. Furthermore, IL-10 expression did not
demonstrate significant variations among groups C, C-O and AP, which is consistent
with previous studies that found no differences in IL-10 expression in the presence of
AP in wild-type mice (28). However, our study found higher expression of IL-10 in the
AP-O group compared to AP (P < .05). This result is contrary to that of previous studies
which found no differences in IL-10 expression in individuals with periodontal disease,
either with or without w-3 PUFAs supplementation (23). This discrepancy could be
attributed to differences in dietary composition or experimental time. Studies have
further demonstrated that anti-inflammatory effects associated with w-3 PUFAs are

dose- and time-dependent (30).

The findings here in presented indicate that systemic oral administration
with w-3 PUFAs can modulate the inflammation in rat apical periodontitis, decreasing
TNF-a, IL-6, IL-1B, IL-17 and increasing IL-10 expression. Future studies should
explore the capacity of w-3 PUFAs to generate endogenous metabolites involved in
inflammation resolution, including resolvins, docosatrienes and neuroprotectins, as
previously shown in studies involving other inflammatory diseases (31-33).
Notwithstanding this, the present study supports further investigation of w-3 PUFAs as

a therapeutic regimen for apical periodontitis.
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Omega 3 fatty acids alter systemic inflammatory mediators resulting from
apical periodontitis

§ Artigo formatado segundo as normas do periodico Clinical Oral Investigations

Abstract

Objectives This study investigated the effects of omega 3 polyunsaturated fatty
acids (w-3 PUFAs) on the systemic health of rats with pulp exposure-induced
apical periodontitis (AP).

Materials and Methods Forty male Wistar rats were divided into groups: control
untreated rats (C), control rats treated with w-3 PUFAs alone (C-O), rats with
pulp exposure-induced apical periodontitis (AP), and rats with pulp exposure-
induced apical periodontitis treated with w-3 PUFAs (AP-O). The w-3 PUFAs
were administered orally once a day for 15 days before pulp exposure and
subsequently 30 days after pulp exposure. Rats were killed 30 days after pulp
exposure, and blood and jaw samples were collected. A blood profile was
conducted to determine the total number of leukocytes, comprising the
neutrophils, monocytes, and lymphocytes. Proinflammatory cytokines tumor
necrosis factor alpha (TNF-a), Interleukin-6 (IL-6), and Interleukin-17 (IL-17)
were quantified with enzyme-linked immunosorbent assays (ELISA). In addition,
histological analysis was performed to confirm the development of AP. The data
were statistically analyzed (p < 0.05).

Results AP was larger in the AP group compared with the AP-O group (p <
0.05). Furthermore, the AP and AP-O groups showed higher numbers of
lymphocytes, leukocytes, monocytes, and eosinophils and greater expressions
of TNFa and IL-6 than the C and C-O groups did (p < 0.05). The presence of
leukocytes and lymphocytes as well as the expression of IL-6 decreased in the
AP-O group compared with the AP group (p < 0.05).

Conclusions Omega 3 polyunsaturated fatty acid (w-3 PUFA) supplementation

decrease the bone resorption area of AP, as well as reduces the systemic
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effects of AP, thus decreasing the number of leukocytes, lymphocytes, and IL-6
in rat’s blood.

Clinical Relevance Omega 3 polyunsturated fatty acids reduce the number of
systemic proinflammatory cells and mediators resulting from apical periodontitis.

Key-words: Apical periodontitis. Endodontic medicine. Endodontic infection.
Omega 3 fatty acids

Introduction

Many researchers and clinicians have studied the possible
bidirectional relationship between endodontic infection and systemic diseases
[1-4]. Previous studies have reported that apical periodontitis (AP), which is a
consequence of endodontic infection, may potentiate the effects of periodontal
disease in the blood, including changes in the lipid profile [5], and an increase in
the number of inflammatory cells [6] and mediators [7]. In addition, the presence
of four AP foci is able to increase the number of proinflammatory mediators in
the blood systemically, which may alter the blood’s homeostasis [8]. Moreover,
many observational studies in humans relate the presence of AP to systemic
diseases, such as cardiovascular disease [9], diabetes [10], chronic liver
disease [11], and inherited coagulation disorders [12].

Considering that AP occurred in the Brazilian population with an
average of 2.7 lesions per subject [13], it is suitable to study the impact of
multiple foci of AP in systemic health. The main concern about an increase in
inflammatory cells and mediators in the blood is that it may potentiate local
inflammatory processes, such as those that occurr in AP [14]. In addition, higher
levels of inflammatory mediators can accelerate the pathogenesis of autoimune
diseases [15].

Currently, conventional endodontic treatment, comprising the
mechanical and chemical desinfection of infected dentin from root canals, has
been the standard procedure for treating AP. However, it would be interesting to
find complementary alternative therapies that could minimize the local and
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systemic effects related to AP. One of the goals is to reduce the number of
inflammatory cells, including lymphocytes, monocytes, neutrophils, and
eosinophils, as well as proinflammatory mediators, such as tumor necrosis
factor alpha (TNF-a), Interleukin-6 (IL-6), and Interleukin-17 (IL-17), which

those cells produce, and which are related to AP pathogenesis [8,16,17].

To date, w-3 PUFAs have been demonstrating positive effects as an
adjuvant therapy in the treatment of oral diseases, including periodontitis
[18,19], gingivitis [20], recurrent aphthous stomatitis [21], and apical
periodontitis [22]. The positive effects related to w-3 PUFAs may be because
diets with w-3 PUFAs inhibit the synthesis of the lipid mediators of inflammation,
alter the cellular functions of polymorphonuclear leukocytes, and modulate
lymphocyte proliferation and cytokine production [23-25]. Moreover, a previous
study showed that supplementation with w-3 PUFAs decreased
osteoclastognesis and increased osteoblastogenesis, thus decreasing bone
resorption and promoting bone regeneration in the AP scenarios of rats with
endodontic infection [22]. Thus, our hypothesis was that if w-3 PUFAs can
modulate AP locally, it is possible that diets with w-3 PUFAs may also influence
the systemic changes related to AP.

Therefore, the aim of this study was to evaluate the effects of the
dietary supplement of w-3 PUFAs on inflammatory cells and proinflammatory
mediators in the blood of rats with AP.

Materials and methods
Experimental animals

The Institutional Ethics Committee (CEUA 2014-00550) of UNESP-
Universidade Estadual Paulista, Sao Paulo, Brazil, approved the experimental
protocol, which was conducted in accordance with relevant guidelines. Forty
male Wistar rats (Rattus norvegicus albinus), weighing 200-250 g each, were
used in this study. The rats were housed in mini-isolators (Alesco, Sao Paulo,
SP, Brazil) in temperature-controlled rooms and given ad libitum access to
water and food.

The rats were randomly assigned to four groups (10 rats/group):
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Control: untreated rats (C)
Rats treated with w-3 PUFAs (C-O)
Rats with pulp exposure-induced AP (AP)

w np =

4. Rats with pulp exposure-induced AP treated with w-3
PUFAs (AP-0)

Supplementation with w-3 PUFAs

Rats in the C-O and AP-O groups were orally gavaged with w-3
PUFAs (Omega 3 Catarinense- Laboratério Catarinense S.A, Joinville, SC,
Brazil) (water solution, 40 mg/kg; 60% EPA and 40% DHA, once a day),
whereas rats in the C and AP groups received control distilled water during 15
days before pulp exposure (prophylactic administration) and 30 days after AP
induction (therapeutic administration). As a consequence, rats were treated
either w-3 PUFAs or control water for a total period of 45 days [18,22].

Induction of AP

Rats were anesthetized with ketamine (87 mg/kg; Francotar; Virbac
do Brazil Ind. e Com. Ltda, Roseira, SP, Brazil) and xylazine (13 mg/kg;
Rompun; Bayer S.A, Sao Paulo, SP, Brazil). The pulps of the right upper first
and second molars as well as the right lower first and second molars were
exposed by using a dental round bur (Broca Ln Long Neck; Maillefer, Dentisply
Ind e Com Ltda, Petropolis, RJ, Brazil) (groups AP and AP-O) for the
development of AP. The coronal pulp tissue was exposed to the oral cavity for
30 days [26-28].

Blood sample collection and determination of hematologic

parameters

At 30 days, the rats were anesthetized, and a cardiac puncture was
performed to collect 5 mL of blood from each rat [26]. The samples were placed
in EDTA, homogenized, and immediately transferred to a technician, who was
blinded to the case status, for processing. The following parameters were
analyzed using an automatic analyzer (ABX Micros ABC Vet; Horiba ABX
Diagnostics, Montpellier, France): neutrophils, leukocytes, lymphocytes, and

monocytes.
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Assessment of serum levels of TNF-q, IL-6, and IL-17

Serum cytokine levels were assessed [7,8] by performing capture
enzyme-linked immunosorbent assays (ELISAs) using commercial kits (rat TNF
ELISA set BD OptEIA, cat #558535; BD Biosciences, San Diego, CA,; rat IL-6
ELISA set BD OptEIA, cat #550319; BD Biosciences; rat IL-17A ELISA MAX
Deluxe, cat #437904; Biolegend, San Diego, CA), according to the

manufacturers’ instructions.

Histopathological analysis

Mandible samples from the killed rats were removed, postfixed in
neutral buffered formalin for 48 hours, and then decalcified in buffered (pH=8)
17% EDTA (Sigma Chemical Co, St Louis, MO). Subsequently, they were
rinsed again with sterile water before being dehydrated with ethanol, cleared in
xylene, and finally embedded in paraffin. Serial slices (6um) were prepared in
the mesiodistal plane and stained with hematoxylin-eosin. The slices were
examined sequentially under an optical microscope (DM 4000 B; Leica,
Wetzlar, Germany).

Inflammatory infiltrate was evaluated for its intensity and extension.
The average number of cells per field was noted as well as whether the
inflammation extended beyond the apical foramen. For each experimental
group, the number of cells was calculated as the average of 10 separate areas
(x400 magnification) [6,22].

The intensity of the inflammatory infiltrate was graded as follows:
absent (zero to few inflammatory cells: score 1); mild (< 25 inflammatory cells:
score 2), moderate (25-125 inflammatory cells: score 3), or severe (>125
inflammatory cells: score 4). A 0.5-mm square area of the periapical portion of
the distal root of the first right lower molar was examined, and the cell count per
unit area was calculated. For the AP and AP+O groups, the area of the
periapical lesion was histometrically measured. For each rat, seven serial
histologic sections were measured histometrically using an image processing
system, which consisted of a light microscope (DM 4000 B Leica), a color
camera (DFC 500, Leica), a color image processor (Leica Qwin V3 software,
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Leica), and a personal computer (Intel Corel 17,, Windows 10). The apical
periodontitis area in ym2 was determined for each side [6, 8, 22].

Statistical analysis

Statistical analysis was performed by using SigmaPlot software
(Systat Software Inc, San Jose, CA). Nonpametric data were analyzed by
performing multiple comparisons with the Kruskal-Wallis test followed by the
Dunn test. Parametric data were analyzed by performing an analysis of
variance followed by the Tukey test. The level of significance was set at 5%.

Results
Blood profile

To evaluate the effects of w-3 PUFAs on inflammatory cells in the
blood of rats with four AP foci, the number of leukocytes, represented by
lymphocytes, neutrophils, monocytes, and eosinophils were counted, and the
results are shown in Table 1.

The total number of leukocytes and lymphocytes were significantly
higher in the AP and AP-O groups when compared with the C group (p < 0.05).
However, the number of leukocytes and lymphocytes decreased in the AP-O
group compared with the AP group (p < 0.05). The total number of monocytes
and eosinophils were higher in the AP and AP-O groups compared with the C
and C-O groups (p < 0.05). Meanwhile, the total number of monocytes and
eosinophils were higher in the AP and AP-O groups than in the C group (p <
0.05). No statistically significant difference was found in the total number of
neutrophils among the groups (p > 0.05).
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Table 1 - Mean and Standard Deviation of Blood Cell Parameters.

Hematologic Groups (Mean * SD)*
Parameters

(x10° cells/pl) C c-0 AP AP-O
Leukocytes 5.63+1.31° 701+143°  884+145°  7.32+137°

Lymphocytes 3.83+1.31° 512 +1,32° 7.13+1,05°  5.70 + 1,33
Neutrophils 1.55 + 0,42° 1.28 + 0,48° 1.67 +0,39°  1.58 + 0,25
Eosinophils 0.084 + 0,030° 0.17 £ 0,08° 0.18+0.03°  0.18 £0.10°
Monocytes 0.083 + 0.03° 0.14 + 0.09%° 0.17£+0.03°  0.14 £ 0.04°

*Different letters indicate significant statistical differences in rows (p <0.05).

Serum levels of TNF-q, IL-6, and IL-17

To evaluate the effects of w-3 PUFAs on pro-inflammatory cytokines
in the blood of rats with four AP foci, ELISA was performed to detect TNF-a, IL-

6, and IL-17 in rat blood, and the results are shown in Table 2.

Serum levels of TNF-o were higher in the AP and AP-O groups
compared with the control (p < 0.05). However, the dietary supplement with w-3
PUFAs did not decrease the levels of TNF-a. among the groups with AP (p >
0.05). Serum levels of IL-6 were higher in the AP group compared with the C,
C-0O, and AP-O groups (p < 0.05). No statistical difference was found in the IL-
17 levels among the groups (p > 0.05).
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Table 2 - Mean and Standard Deviation of TNF-a, IL-6 and IL-17 levels in rat’s
blood

Groups (Mean + SD)*

Cytokines

(pg/mL) C c-0 AP AP-O
TNF-q 22773+ 34980+ 53904+ 50.902 +

8.72° 10.55%° 38.24° 18.51%
IL-6 3343.319 4640.422 6771.952 4991.736+

a a b
£1001.31° £2272.46° +2882.27° 4851 150
IL-17 130.07+ 102.83+ 12047+ 12669+

123.82° 118.88° 116.75° 98.54°

*Different letters indicate significant statistical differences in rows (p <0.05).

Histologic findings

No inflammation was noted in the periapical regions of the C and C-
O groups (Figures 1A, 1E, 1B, 1F). However, in the AP and AP-O groups, the
pulp showed signs of necrosis 30 days after pulp exposure. AP was established
and restricted exclusively to the periapical regions of the AP and AP-O groups
(Figures 1C, 1G, 1D, 1H). Histolopathological analysis showed that periapical
inflammatory infiltrate was more intense and larger in the AP group compared
with the C, C-O, and AP-O groups (p < 0.05) (Table 3). In addition, the area
between the alveolar bone and root apex was larger in the AP and AP-O groups
compared with the C and C-O groups (p < 0.05). Nevertheless, AP was more
evident in the AP group compared with the AP-O group (p < 0.05) (Table 3).
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Table 3 - Scores and median of the histological findings.

Intensity of inflammatory Groups
Infiltration C Cc-0 AP AP-O
1 - Absent 10/10 10/10 0/10 0/10
2 - Mild 0/10 0/10 0/10 4/10
3 - Moderate 0/10 0/10 4/10 6/10
4 — Severe 0/10 0/10 6/10 0/10
Median* 12 18 4° 3°

AP (x10* um? + standard deviation*) 12.8+0.957 12.68+1.30° 128.24+12.05° 46.06+21.43°

*Different letters indicate significant statistical differences in rows (p <0.05).

Figure 1. Histologic images of apical periodontitis lesions at 30 days after pulp
exposure (H&E staining). (A) Group C. Periapical region is free of inflammatory
infiltrate (original magnification, x100 and x400, respectively). (B) Group C-O.
Periapical region is free of inflammatory infiltrate (original magnification, x100 and
x400, respectively). (C) Group AP. Intense inflammatory infiltration can be observed in
the periapical area (original magnification, x100 and x400, respectively). (D) Group AP-
O. Decreased inflammatory infiltration can be observed in the periapical area
compared to AP group (original magnification, x100 and x400, respectively). dp, dental
pulp; pld, periodontal ligament; ce, cementum; ab, alveolar bone. *Site of inflammatory

cells.
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Discussion

In the present study, four AP foci increased inflammatory cells and
proinflammatory cytokines in the blood. However, the systemic administration of
w-3 PUFAs ameliorated, in parts, the systemic alterations. The pathogenic
bone resorption induced in the AP group via pulp exposure was significantly
reduced when w-3 PUFAs were administered systemically. These findings are
in accordance with a previous study that demonstrated that w-3 PUFAs can
decrease the bone resorption in rats with AP, thus decreasing
osteoclastogenesis and increasing osteoblastogenesis [22]. Thus, we can
observe that the systemic effects resulting from AP may be proportional with the
severity and intensity of pathological bone resorption.

A total blood analysis (hemogram) was used to evaluate the effects
of w-3 PUFAs on the inflammatory cells of rats with four AP foci. Hemogram is
frequently used to assess the presence of infection or inflammation and to
determine whether periodontal infections alter the hematologic parameters,
such as the differential counts of white blood cells, red blood cells, and/or
platelets [29]. We found that the four AP foci increased the number of
leukocytes, as lymphocytes, monocytes, and eosinophils. These findings
corroborate the idea that the systemic effects of AP may be positively correlated
with the amount of inflammation, as a previous study showed that the presence
of one AP focus did not alter inflammatory cells in blood but only when it was
associated with periodontal disease [6]. In addition, w-3 PUFA systemic
administration decreased the total number of lymphocytes in rats with AP. This
possibly happened because the AP bone resorption area was lower in rats
treated with w-3 PUFAs, which decreased the number of systemic inflammatory
cells. Another hyphotheis is that w-3 PUFAs exerted direct effects on the
inflammatory cells in blood, as evidence exists that w-3 PUFAs can alter
lymphocyte proliferation by altering the plasma membrane topography, thus
perturbing the downstream signal required for T cell proliferation [30]. On the
other hand, w-3 PUFA systemic administration did not alter the number of
eosinophils and monocytes in rat’s blood. Moreover, the C-O group showed,
unexpectedly, higher amounts of lymphocytes, monocytes, and eosinophils

when compared with the C group. Further studies should be performed to
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analyze the effects of w-3 PUFAs on eosinophils and monocytes during
inflammation, as well as their effects on inflammatory cells in healthy
individuals. Differences in the neutrophil number among the groups were not
found. This may be because after 30 days, AP showed signs of chronic
inflammation in rats, represented by the predominance of mononuclear cells
and lower levels of neutrophils, as observed in this study and others [6,22], as
neutrophils are the first line of defense.

Regarding the systemic alterations resulting from AP, changes in the
expression of proinflammatory mediators is one of the major consequences that
should be highlighted. Although proinflammatory mediators are produced to
protect host organisms from pathogenic agents, an exacerbated inflammatory
response may cause injuries to the healthy tissues [31]. For example, an
increase in proinflammatory mediators in response to periodontal diseases
enhances the pathogenesis of autoimmune diseases, such as diabetes, lupus,
and rheumatoid arthritis [32]. This study showed that the presence of four AP
foci increased the levels of proinflammatory cytokines TNFa and IL-6 in rat
blood, which corroborates previous studies [8,33]. Therefore, the
supplementation with w-3 PUFAs decreased the levels of IL-6 in rat’s blood. In
agreement with our previous findings regarding inflammatory cells, it seems that
systemic alterations reflected, proportionally, the local inflammatory condition
related to AP.

Although it was reported that w-3 PUFAs can inhibit the production of
TNF-a by preventing nuclear factor kappa B (NF-kB) activation [34,35], TNF-a
levels did not decrease in the blood of the AP-O group compared with the AP
group. It seems that other cells as monocytes and eosinophils may continously
produce TNF-a, considering that the supplementation with w-3 PUFAs did not
alter these cells. No differences were found in IL-17 among the groups, which
corroborates a previous study that showed that AP did not increase IL-17 in rat
blood but only when associated with periodontal disease [7]. Considering the
results, w-3 PUFAs showed positive results to control inflammation. However,
further studies should be performed to better elucidate the effects of w-3
PUFAs on the proinflammatory mediators produced systemically in response to
AP.
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In summary, our results indicated that systemic supplementation with
w-3 PUFAs can ameliorate the systemic alterations stemming from AP,
decreasing the number of total leukocytes and lymphocytes as well as the
expression of proinflammatory cytokine IL-6. This study lays the groundwork for
further investigations to better understand the role of w-3 PUFAs in
reestablishing the body’s homeostasis in indivuals with AP.
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Conclusoes

1)

2)

3)

4)

d)

A suplementagdo alimentar com os acidos graxos émega-3 promove a
diminuicdo do infiltrado inflamatorio e numero de osteoclastos, bem
como o aumento do numero de osteoblastos, com consequente
diminuicdo de perda Ossea dos tecidos periapicais, de ratos com
infeccdo endodobntica.

A suplementagdo alimentar com os acidos graxos émega-3 promove a
diminuicdo da expressao das citocinas pro-inflamatadrias fator de necrose
tumoral alfa, interleucina-6, interleucina-1 beta, interleucina-17 e o
aumento da citocina anti-inflamatoria interleucina-10, dos tecidos

periapicais de ratos com infeccdo endodéntica.

A presenca de quatro focos de periodontite apical, em ratos, é capaz de
aumentar os niveis séricos das células leucdcitos, linfocitos, mondcitos e
eosindfilos e dos mediadores proé-inflamatorios fator de necrose tumoral

alfa e interleucina-6.

A suplementagdo alimentar com os acidos graxos 6mega-3 promove a
dimuigédo das células inflamatérias linfocitos e leucocitos, bem como da
citocina pré-inflamatéria interleucina-6 no sangue de ratos com infecgéo

endodobntica.

A suplementacgdo alimentar com os acidos graxos émega-3 promove o
aumento seérico das células inflamatorias linfocitos, eosindfilos e
mondécitos, bem como da citotina pré-finalamtéria fator de necrose

tumoral alfa, em ratos ratos sem infeccdo endoddntica.
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1. Material e Métodos utilizados

1.1. Animais

Foram utilizados 40 ratos machos (Rattus albinus, Wistar), pesando
aproximadamente 250g, provenientes do biotério da Faculdade de Odontologia
de Aracatuba- UNESP. Os animais foram mantidos em mini-isoladores (Alesco-
Monte Mor, Sdo Paulo, Brasil) com temperatura entre 22 e 24°C com ciclo de
luz controlada (12 horas claro e 12 horas escuro) e em gaiolas coletivas, quatro
ratos por gaiola, alimentados durante todo o periodo experimental com dieta
sélida e agua “ad libitum”, exceto nas primeiras 24 horas apos intervengao. Os
procedimentos experimentais propostos neste estudo foram aprovados pelo
comité de conduta e ética no uso de animais em experimentacédo (CEUA- 2014-
00550-UNESP).

1.2. Drogas empregadas

Para anestesia dos animais foi utilizado, via intra-muscular, um
sedativo a base de xilazina (Dopasere, Calier S.A - Barcelona, Espanha-
10mg/kg) e um anestésico a base de cloridrato de ketamina a 5% (Vetanarcol,
Konig S.A.- Avellaneda, Argentina- 25mg/kg).

1.3. Divisao em grupos

Os ratos foram divididos nos seguintes grupos:

- C: ratos sem suplementagéo alimentar com 6mega-3 e periodontite
apical induzida;

- C-O: ratos suplementados com émega-3 e sem periodontite apical
induzida;

- PA: ratos com periodontite apical induzida;

-PA-O: ratos com periodontite apical induzida e suplementados com
Omega-3.

1.4. Suplementacao alimentar com 6mega-3
Os ratos (grupos C-O e PA-O) receberam, por meio de gavage, o
acido graxo 6mega-3, na proporcdo de 40mg/kg (60% EPA + 40%DHA),

Mariane Maffei A zuma- Tese de Doutorado



87

durante 15 dias antes da exposicdo pulpar e durante 30 dias depois da

exposicao pulpar, totalizando 45 dias de suplementacéao.

1.5. Indugao da periodontite apical

Para a indugao da periodontite apical, os ratos foram anestesiados,
via intra-muscular, com uma associagdo do sedativo Dopaser, a base de
xilazina (relaxante muscular, analgésico e sedativo), na dosagem de 10mg/kg
de peso corporal e o anestésico Vetanarcol, a base de cloridrato de ketamina a
5% na dosagem de 25mg/kg de peso corporal. As polpas dos primeiros e
segundos molares superiores e inferiores do lado direito foram expostas, por
meio de uma broca em ago carbono (Broca Ln Long Neck- Maillefer, Dentsply)
dotada de uma esfera na extremidade com 0,1mm de didmetro. Desta forma,
todas as exposi¢des pulpares foram padronizadas com 0,1mm de diametro e
as polpas ficaram expostas na cavidade bucal por um periodo de 30 dias,

momento do sacrificio.

1.6. Coleta de sangue

Aos 30 dias pods-operatérios os animais foram novamente
anestesiados e foi realizada a coleta de 5ml de sangue por meio de pungéo
cardiaca. Posteriormente, os animais foram mortos por meio de sobredose
anestésica. Com as amostras sanguineas, foram analisados os parametros:
leucdcitos, neutrofilos, linfocitos, mondcitos e eosindfilos. As amostras
sanguineas para IL-17, TNF-q, IL-6, osteocalcina foram colocadas em heparina
(10U/ml), na sequéncia, centrifugadas e armazenadas imediatamente a -80°C.

1.7. Coleta das maxilas e mandibulas

Apo6s a eutanasia, toda a pele correspondente a face direita do
animal foi removida e foram realizados dois cortes, realizados com tesoura, no
angulo da boca, separando a maxila da mandibula. Foi realizada uma inciséo,
com lamina de bisturi intercambiavel numero 15, em profundidade no palato do
animal, com localizagdo no plano sagital mediano acompanhando a sutura
intermaxilar, separando a maxila esquerda da direita. Separadas as maxilas,
com o auxilio de uma tesoura, foi realizado outro corte com localizagao

tangente a face distal dos molares superiores direito e esquerdo, possibilitando
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a obtencdo da hemimaxila direita, contendo os dentes posteriores, objeto do
estudo. A hemimandibula direita, contendo os dentes posteriores, também foi
separada para o estudo.

1.8 Forma de analise dos resultados

1.8.1. Analise histolégica e histométrica das lesdes periapicais

Para a analise histologica foram empregadas 5 laminas com 3 cortes
teciduais cada, preparadas e coradas com hematoxilina e eosina (Lillie, 1954).
A analise histologica foi utilizada para a caracterizagdo do perfil inflamatério
das lesbes periapicais (Cintra et al. 2013c). Os resultados foram expostos por
meio de duas analises, sendo uma descritiva e outra quantitativa. As laminas
contendo os cortes representativos de cada espécime foram avaliadas sob a
microscopia oOptica e utilizadas na analise descritiva. A analise descritiva
consistiu da descricdo dos fenbmenos histopatoldgicos, procurando
caracteriza-los globalmente em fungédo das variaveis experimentais (Cintra et
al. 2013c).

A analise quantitativa foi realizada por meio da atribuicdo de
escores, graduando as magnitudes dos fendbmenos histopatologicos de forma
dissociada e da analise histométrica das estruturas do periodonto apical (Cintra
et al. 2013c). As variaveis estudas foram: infiltrado inflamatério quando a sua
intensidade e extensdo; presenca de reabsor¢cdes radiculares e perda de
estrutura o&ssea periapical. Foram atribuidos escores para os critérios
intensidade e extensdao do infiltrado inflamatério e para a presenca de
reabsor¢cdes radiculares. Para a perda de estrutura Ossea foi realizada a
mensuragao linear e por area, respectivamente, empregando programa de
imagens especifico (Leica QWin Plus - Leica Microsystems, Nussloch —
Germany).

Os critérios considerados para cada analise foram:

¢ Intensidade do infiltrado inflamatoério
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A intensidade do processo inflamatério foi analisada em
conformidade com o numero meédio aproximado de células inflamatodrias
presentes em diferentes campos de um mesmo espécime, examinados em

aumento de 400x junto ao periapice dentario (Quadro A).

Quadro A - Escores para o critério intensidade do infiltrado
inflamataorio

Escore 1 Células inflamatoérias ausentes ou em nimero

desprezivel,

Escore 2 Infiltrado inflamatorio discreto (menos de 10 células por

campo);

Escore 3 Infiltrado inflamat6rio moderado (entre 10 e 25 células
por campo);

Escore 4 Infiltrado inflamatorio intenso (mais que 25 células por
campo).

e Extensao do infiltrado inflamatério

A extensao do infiltrado inflamatdério foi estabelecida em funcéo da
alteragao do tecido periapical o (Quadro B).

Quadro B - Escores para o critério extensdo do infiltrado
inflamataorio

Escore 1 Células inflamatdrias ausentes ou em nimero

desprezivel,

Escore 2 Células inflamatdrias ocupando extensao de até 300um
do apice radicular;

Escore 3 Células inflamatdrias ocupando extensao de até 600um
do apice radicular;

Escore 4 Células inflamatdrias ocupando extensao maior que

600um do apice radicular.
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¢ Perda de estrutura 6ssea

Foram selecionados cortes representativos de cada espécime dos
grupos para a verificagao se ha diferenga na perda dssea de ratos que fizeram
ou n&o o uso de 6mega-3. Foi empregado o software Leica QWin Plus (Leica
Microsystems, Nussloch — Germany) e os valores foram expressos em
micrometro quadrado (um2) obtidos em medidas de area.

1.3.2. Imunoistoquimica para a detecgcao de TRAP, OCN, TNF-a,
IL-6, IL-1B, IL-17 e IL-10 nos tecidos periapicais

Os cortes histologicos foram desparafinizados em xilol e hidratados
em série decrescente de etanol. A recuperagéo antigénica foi realizada através
da imersdo das laminas histolégicas em tampdo Diva Decloaker® (Biocare
Medical, CA, USA), em camara pressurizada Decloaking Chamber® (Biocare
Medical, CA, USA), a 95°C, por 10 minutos. Ao término de cada uma das
etapas da reacdo imunoistoquimica foram efetuadas lavagens em tampéo
fosfato salino (PBS) 0,1M, pH 7,4. Os cortes histologicos foram imersos em 3%
de peroxido de hidrogénio por 1 hora e em 1% de soro albumina bovino por 12
horas, para o bloqueio da peroxidase enddgena e bloqueio dos sitios
inespecificos, respectivamente. As laminas histologicas contendo amostras de
todos os grupos experimentais foram divididas em seis lotes, e cada lote foi
submetido a incubagdo com seus respectivos anticorpos primarios. Os
anticorpos primarios foram diluidos em PBS acrescido de 0,1% Triton X-100
(PBS-TX), durante 24 horas, em camara umida. Nas etapas subsequentes foi
empregado o Universal Dako Labeled (HRP) Streptavidin-Biotin Kit® (Dako
Laboratories, CA, USA). As secgdes histologicas foram incubadas no anticorpo
secundario biotinilado, durante 2 horas, e posteriormente tratadas com
estreptavidina conjugada com a peroxidase da raiz forte (HRP), por 1 hora. Na
revelacdo, foi empregado como cromogeno o 3,3’- tetracloridrato de
diaminobenzidina (DAB chromogen Kit®, Dako Laboratories, CA, USA) e em
seguida a contracoloragao foi realizada com hematoxilina de Harris.
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1.9. Hemograma

Para a realizagcdo do hemograma, foi utilizado o analisador
automatico ABX (ABX Micros ABC Vet - Horiba ABX Diagnostics, Montpellier,
France). Foram observados os seguintes parametros: Hemaceas (106/uL),
Volume Globular (%), Hemoglobina (g/dL), VCM (fL), CHCM (%), Leucdcitos
(10%uL), Neutrdfilos (%), Linfécito (%), Mondcito (%), Eosindfilo (%) e Basofilo
(%).

Foi empregado o kit ABX VetPack que é composto por 3
reagentes:

O ABX VET Pack, R3 é uma solucdo salina e tampao eletrolitica
que permite a diluicdo e a preparagao da amostra de sangue para analise. O
fluxo dos sistemas hidraulicos do aparelho é garantido pela presenga de
surfactante nao i6nico. A acéo eletrolitica aceita a contagem das células por
impedancia. Este reagente diferencia populagdes morfolégicas de leucdcitos e
é utilizado nos ciclos de enxague e limpeza dos sistemas hidraulicos do

instrumento.

O ABX VET Pack, R2 decompde a membrana celular das
hemaceas. Pela adigdo do agente surfactante, a hemoglobina é libertada. Todo
o ferro heme é oxidado e os complexos resultantes sdo quantificados por
espectrofotometria a um comprimento de onda de 530 nm. O detergente

presente na solugao também diferencia popula¢gées morfologicas de leucdcitos.

ABX VET Pack, R1 utiliza a acdo combinada de uma enzima
proteolitica com um detergente para eliminar os residuos de proteina e evitar
que os tubos hidraulicos fiquem obstruidos e/ou bloqueiem o fluxo. Também é
usado para decompor os acumulos de proteina nas aberturas e camaras de

contagem.
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1.10. Quantificagao das citocinas pré-inflamatérias pelo método
ELISA

Inicialmente foram pipetados os anticorpos de captura (1:1000; BD
Biosciences, CA, USA) de cada uma das citocinas em suas respectivas placas.
A placa permaneu em overnight na geladeira por 16 horas. No dia seguinte,
todos os reagentes foram colocados a temperatura ambiente antes de proceder
o experimento. A placa foi, entédo, lavada e aspirada por 4 vezes com solugao
tampéo (PBS) associada a Tween 20 (Sigma, MO, USA). Foram adicionados
entdo 200ul de solugcdo tampao associada a albumina por poco. A placa
permaneceu incubada e selada por 1 hora a temperatura ambiente. Em
seguida, ela foi lavada novamente com PBS+Tween 20 (Sigma, MO, USA) e
aspirada por 4 vezes.

Foram pipetados, entdo, 100ul do recombinante, e foi realizada a
diluicdo seriada para fazer a curva padrao. Foram pipetadas 50ul das amostras
nos pogos apropriados. Novamente foi realizado o selamento da placa e a
incubacado das amostras a temperatura ambiente por 2 horas. A aspiragao e
lavagem foram realizadas novamente da mesma forma ja descrita. Foram
adicionados 100l de anticorpo secundario (1:1000; BD Biosciences, CA, USA)
em cada poc¢o, a placa de vedacgao foi colocada para incubagado da amostra por
1 hora a temperatura ambiente. Novamente foi realizada a aspiragdo e
lavagem. Entdo, foram adicionados 100yl de reagente enzimatico diluido
(ExtrAvidin®—-Peroxidase, Sigma, MO, USA) em cada pogo. Foi feito o
selamento da placa e a incubagao por 30 minutos a temperatura ambiente. A
aspiracao e lavagem nesta etapa foi feita 7 vezes os pogos foram mergulhados
por um minuto em tampao de lavagem. Posteriormente, foram adicionados
100ul de solugéo de substrato TMB (BD Biosciences, CA, USA) em cada pogo.
A incubacao foi realizada sem o selador de placa por trinta minutos a
temperatura ambiente no escuro. Por fim, foram adicionados 50ul de solucao
de parada (H2S0O4) em cada pogo. A leitura foi realizada em espectofotémetro
ajustado para o comprimento de onda de 450nm.
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1.11. Analise estatistica

A analise estatistica foi realizada por meio do programa SigmaPlot
12.0™ (Chicago, IL, USA). A verificacdo da distribuicdo normal das variaveis
continuas quantitativas foi feita pelos testes de Kolmogorov-Smirnov e Shapiro-
Wilk. As variaveis que apresentarem distribuicdo normal foram expressas em
meédia e * desvio padrdo e aquelas que apresentaram distribuicdo nao normal

foram expressas em mediana com valor minimo € maximo e percentis.

Para os valores quantitativos das analises que seguiram uma
distribuicdo normal, foi aplicado o teste ANOVA, enquanto que para
comparagdes multiplas dos resultados entre os grupos estudados, foi utilizado

o teste de Tukey.

Para as analises histologicas em que foram atribuidos escores e
para os valores quantitativos das analises que n&o seguiram uma distribuicao
normal, foi aplicado o teste de Kruskal-Wallis, e quando observou-se alguma
diferenga significante, foi realizado o cruzamento entre os grupos, pelo teste de
comparagdes multiplas de Dunn (Dunn, 1958). Também foi empregado o teste
de Mann Whitney (Siegel et al., 1956) para comparagdo entre dois grupos

isoladamente.

Os resultados foram considerados estatisticamente significativos
quando a probabilidade foi menor que 5% (p<0,05).
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2. Normas para publicagao nos periédicos

2.1. Journal of Endodontics

Guidelines for Publishing Papers in the JOE

1.

General Points on Composition
1. Authors are strongly encouraged to analyze their final draft with both

software (e.g., spelling and grammar programs) and colleagues who have
expertise in English grammar. References listed at the end of this section
provide a more extensive review of rules of English grammar and
guidelines for writing a scientific article. Always remember that clarity is
the most important feature of scientific writing. Scientific articles must be
clear and precise in their content and concise in their delivery since their
purpose is to inform the reader. The Editor reserves the right to edit all
manuscripts or to reject those manuscripts that lack clarity or precision, or
have unacceptable grammar or syntax. The following list represents
common errors in manuscripts submitted to the JOE:

. The paragraph is the ideal unit of organization. Paragraphs typically start

with an introductory sentence that is followed by sentences that describe
additional detail or examples. The last sentence of the paragraph provides
conclusions and forms a transition to the next paragraph. Common
problems include one-sentence paragraphs, sentences that do not

develop the theme of the paragraph (see also section “c”’ below), or
sentences with little to no transition within a paragraph.

. Keep to the point. The subject of the sentence should support the subject

of the paragraph. For example, the introduction of authors’ names in a
sentence changes the subject and lengthens the text. In a paragraph on
sodium hypochlorite, the sentence, “In 1983, Langeland et al., reported
that sodium hypochlorite acts as a lubricating factor during instrumentation
and helps to flush debris from the root canals” can be edited to: “Sodium
hypochlorite acts as a lubricant during instrumentation and as a vehicle for

flushing the generated debris (Langeland et al., 1983)." In this example,
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the paragraph’s subject is sodium hypochlorite and sentences should
focus on this subject.

. Sentences are stronger when written in the active voice, i.e., the subject
performs the action. Passive sentences are identified by the use of
passive verbs such as “was,” “were,” “could,” etc. For example:
‘Dexamethasone was found in this study to be a factor that was
associated with reduced inflammation,” can be edited to: “Our results
demonstrated that dexamethasone reduced inflammation.” Sentences
written in a direct and active voice are generally more powerful and
shorter than sentences written in the passive voice.

. Reduce verbiage. Short sentences are easier to understand. The
inclusion of unnecessary words is often associated with the use of a
passive voice, a lack of focus or run-on sentences. This is not to imply that
all sentences need be short or even the same length. Indeed, variation in
sentence structure and length often helps to maintain reader interest.
However, make all words count. A more formal way of stating this point is
that the use of subordinate clauses adds variety and information when
constructing a paragraph. (This section was written deliberately with
sentences of varying length to illustrate this point.)

. Use parallel construction to express related ideas. For example, the
sentence, “Formerly, endodontics was taught by hand instrumentation,
while now rotary instrumentation is the common method,” can be edited to
“‘Formerly, endodontics was taught using hand instrumentation; now it is
commonly taught using rotary instrumentation.” The use of parallel
construction in sentences simply means that similar ideas are expressed
in similar ways, and this helps the reader recognize that the ideas are
related.

. Keep modifying phrases close to the word that they modify. This is a
common problem in complex sentences that may confuse the reader. For
example, the statement, “Accordingly, when conclusions are drawn from
the results of this study, caution must be used,” can be edited to “Caution

must be used when conclusions are drawn from the results of this study.”
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8. To summarize these points, effective sentences are clear and precise,

and often are short, simple and focused on one key point that supports
the paragraph’s theme.

Authors should be aware that the JOE uses iThenticate, plagiarism
detection software, to assure originality and integrity of material published
in the Journal. The use of copied sentences, even when present within
quotation marks, is highly discouraged. Instead, the information of the
original research should be expressed by new manuscript author's own
words, and a proper citation given at the end of the sentence. Plagiarism
will not be tolerated and manuscripts will be rejected, or papers withdrawn
after publication based on unethical actions by the authors. In addition,

authors may be sanctioned for future publication.

2. Organization of Original Research Manuscripts

Please Note: All abstracts should be organized into sections that start with a

one-word ftitle (in bold), i.e., Introduction, Methods, Results, Conclusions,

etc., and should not exceed more than 250 words in length.

1.

Title Page: The title should describe the major emphasis of the paper. It
should be as short as possible without loss of clarity. Remember that the
title is your advertising billboard—it represents your major opportunity to
solicit readers to spend the time to read your paper. It is best not to use
abbreviations in the title since this may lead to imprecise coding by
electronic citation programs such as PubMed (e.g., use “sodium
hypochlorite” rather than NaOCI). The author list must conform to
published standards on authorship (see authorship criteria in the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals
at www.icmje.org). The manuscript title, name and address (including
email) of one author designated as the corresponding author. This author
will be responsible for editing proofs and ordering reprints when
applicable. The contribution of each author should also be highlighted in
the cover letter.

Abstract: The abstract should concisely describe the purpose of the
study, the hypothesis, methods, major findings and conclusions. The
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abstract should describe the new contributions made by this study. The
word limitations (250 words) and the wide distribution of the abstract (e.g.,
PubMed) make this section challenging to write clearly. This section often
is written last by many authors since they can draw on the rest of the
manuscript. Write the abstract in past tense since the study has been
completed. Three to ten keywords should be listed below the abstract.

. Introduction: The introduction should briefly review the pertinent
literature in order to identify the gap in knowledge that the study is
intended to address and the limitations of previous studies in the area.
The purpose of the study, the tested hypothesis and its scope should be
clearly described. Authors should realize that this section of the paper is
their primary opportunity to establish communication with the diverse
readership of the JOE. Readers who are not expert in the topic of the
manuscript are likely to skip the paper if the introduction fails to succinctly
summarize the gap in knowledge that the study addresses. It is important
to note that many successful manuscripts require no more than a few
paragraphs to accomplish these goals. Therefore, authors should refrain
from performing extensive review or the literature, and discussing the
results of the study in this section.

. Materials and Methods: The objective of the materials and methods
section is to permit other investigators to repeat your experiments. The
four components to this section are the detailed description of the
materials used and their components, the experimental design, the
procedures employed, and the statistical tests used to analyze the results.
The vast majority of manuscripts should cite prior studies using similar
methods and succinctly describe the essential aspects used in the present
study. Thus, the reader should still be able to understand the method
used in the experimental approach and concentration of the main
reagents (e.g., antibodies, drugs, etc.) even when citing a previously
published method. The inclusion of a “methods figure” will be rejected
unless the procedure is novel and requires an illustration for
comprehension. If the method is novel, then the authors should carefully
describe the method and include validation experiments. If the study
utilized a commercial product, the manuscript must state that they either
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followed manufacturer’s protocol or specify any changes made to the
protocol. If the study used anin vitro model to simulate a clinical
outcome, the authors must describe experiments made to validate the
model, or previous literature that proved the clinical relevance of the
model. Studies on humans must conform to the Helsinki Declaration of
1975 and state that the institutional IRB/equivalent committee(s) approved
the protocol and that informed consent was obtained after the risks and
benefits of participation were described to the subjects or patients
recruited. Studies involving animals must state that the institutional
animal care and use committee approved the protocol. The statistical
analysis section should describe which tests were used to analyze which
dependent measures; p-values should be specified. Additional details may
include randomization scheme, stratification (if any), power analysis as a
basis for sample size computation, drop-outs from clinical trials, the
effects of important confounding variables, and bivariate versus
multivariate analysis.

. Results: Only experimental results are appropriate in this section (i.e.,
neither methods, discussion, nor conclusions should be in this section).
Include only those data that are critical for the study, as defined by the
aim(s). Do not include all available data without justification; any repetitive
findings will be rejected from publication. All Figures, Charts and Tables
should be described in their order of numbering with a brief description of
the major findings. Author may consider the use of supplemental figures,
tables or video clips that will be published online. Supplemental material is
often used to provide additional information or control experiments that
support the results section (e.g., microarray data).

. Figures: There are two general types of figures. The first type of figures
includes photographs, radiographs or micrographs. Include only essential
figures, and even if essential, the use of composite figures containing
several panels of photographs is encouraged. For example, most photo-,
radio- or micrographs take up one column-width, or about 185 mm wide X
185 mm tall. If instead, you construct a two columns-width figure (i.e.,
about 175 mm wide X 125 mm high when published in the JOE), you
would be able to place about 12 panels of photomicrographs (or
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radiographs, etc.) as an array of four columns across and three rows
down (with each panel about 40 X 40 mm). This will require some editing
to emphasize the most important feature of each photomicrograph, but it
greatly increases the total number of illustrations that you can present in
your paper. Remember that each panel must be clearly identified with a
letter (e.g., “A,” “B,” etc.), in order for the reader to understand each
individual panel. Several nice examples of composite figures are seen in
recent articles by Jeger et al (J Endod 2012;38:884-888); Olivieri et al., (J
Endod 2012;38:1007 1011); Tsai et al (J Endod 2012;38:965-970).
Please note that color figures may be published at no cost to the authors
and authors are encouraged to use color to enhance the value of the
illustration. Please note that a multipanel, composite figure only counts as
one figure when considering the total number of figures in a manuscript
(see section 3, below, for maximum number of allowable figures). The
second type of figures are graphs (i.e., line drawings including bar graphs)
that plot a dependent measure (on the Y axis) as a function of an
independent measure (usually plotted on the X axis). Examples include a
graph depicting pain scores over time, etc. Graphs should be used when
the overall trend of the results are more important than the exact
numerical values of the results. For example, a graph is a convenient way
of reporting that an ibuprofen-treated group reported less pain than a
placebo group over the first 24 hours, but was the same as the placebo
group for the next 96 hours. In this case, the trend of the results is the
primary finding; the actual pain scores are not as critical as the relative
differences between the NSAID and placebo groups.

. Tables: Tables are appropriate when it is critical to present exact
numerical values. However, not all results need be placed in either a table

or figure. For example, the following table may not be necessary:
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2.

100

% NaOCI N/Group % Inhibition of
Growth

0.001 5 0
0.003 5 0
0.01 5 0
0.03 5 0

0.1 5 100

0.3 5 100

1 5 100

3 5 100

Instead, the results could simply state that there was no inhibition of
growth from 0.001-0.03% NaOCI, and a 100% inhibition of growth from
0.03-3% NaOCI (N=5/group). Similarly, if the results are not significant,
then it is probably not necessary to include the results in either a table or
as a figure. These and many other suggestions on figure and table
construction are described in additional detail in Day (1998).

. Discussion: This section should be used to interpret and explain the

results. Both the strengths and weaknesses of the observations should be
discussed. How do these findings compare to the published literature?
What are the clinical implications? Although t this last section might be
tentative given the nature of a particular study, the authors should realize
that even preliminary clinical implications might have value for the clinical
readership. Ideally, a review of the potential clinical significance is the last
section of the discussion. What are the major conclusions of the study?
How does the data support these conclusions

Acknowledgments: All authors must affirm that they have no financial
affiliation (e.g., employment, direct payment, stock holdings, retainers,
consultantships, patent licensing arrangements or honoraria), or
involvement with any commercial organization with direct financial interest

in the subject or materials discussed in this manuscript, nor have any such
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arrangements existed in the past three years. Any other potential conflict
of interest should be disclosed. Any author for whom this statement is not
true must append a paragraph to the manuscript that fully discloses any
financial or other interest that poses a conflict. Likewise the sources and
correct attributions of all other grants, contracts or donations that funded
the study must be disclosed

References: The reference style follows Index Medicus and can be easily
learned from reading past issues of the JOE. The JOE uses the
Vancouver reference style, which can be found in most citation
management software products. Citations are placed in parentheses at
the end of a sentence or at the end of a clause that requires a literature
citation. Do not use superscript for references. Original reports are limited
to 35 references. There are no limits in the number of references for

review articles.

2. Manuscripts Category Classifications and Requirements

Manuscripts submitted to the JOE must fall into one of the following

categories. The abstracts for all these categories would have a maximum

word count of 250 words:

1.

CONSORT Randomized Clinical Trial-Manuscripts in this category must
strictly adhere to the Consolidated Standards of Reporting Trials-
CONSORT- minimum guidelines for the publication of randomized clinical
trials. These guidelines can be found at www.consort-statement.orgy.
These manuscripts have a limit of 3,500 words, [including abstract,
introduction, materials and methods, results, discussion and
acknowledgments; excluding figure legends and references]. In addition,
there is a limit of a total of 4 figures and 4 tables®.

Review Article-Manuscripts in this category are either narrative articles, or
systematic reviews/meta-analyses. Case report/Clinical Technique articles
even when followed by extensive review of the literature will should be
categorized as “Case Report/Clinical Technique”. These manuscripts
have a limit of 3,500 words, [including abstract, introduction, discussion
and acknowledgments; excluding figure legends and references]. In
addition, there is a limit of a total of 4 figures and 4 tables*.
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3. Clinical Research (e.g., prospective or retrospective studies on patients or
patient records, or research on biopsies, excluding the use of human teeth
for technique studies). These manuscripts have a limit of 3,500 words
[including abstract, introduction, materials and methods, results,
discussion and acknowledgments; excluding figure legends and
references]. In addition, there is a limit of a total of 4 figures and 4 tables™*.

4. Basic Research Biology (animal or culture studies on biological research
on physiology, development, stem cell differentiation, inflammation or
pathology). Manuscripts that have a primary focus on biology should be
submitted in this category while manuscripts that have a primary focus on
materials should be submitted in the Basic Research Technology
category. For example, a study on cytotoxicity of a material should be
submitted in the Basic Research Technology category, even if it was
performed in animals with histological analyses. These manuscripts have
a limit of 2,500 words [including abstract, introduction, materials and
methods, results, discussion and acknowledgments; excluding figure
legends and references]. In addition, there is a limit of a total of 4 figures
or 4 tables*.

5. Basic Research Technology (Manuscripts submitted in this category focus
primarily on research related to techniques and materials used, or with
potential clinical use, in endodontics). These manuscripts have a limit of
2,500 words [including abstract, introduction, materials and methods,
results, discussion and acknowledgments; excluding figure legends and
references]. In addition, there is a limit of a total of 3 figures and tables *.

6. Case Report/Clinical Technique (e.g., report of an unusual clinical case or
the use of cutting-edge technology in a clinical case). These manuscripts
have a limit of 2,500 words [including abstract, introduction, materials and
methods, results, discussion and acknowledgments; excluding figure
legends and references]. In addition, there is a limit of a total of 4 figures
or tables™.

* Figures, if submitted as multipanel figures must not exceed 1 page length.

Manuscripts submitted with more than the allowed number of figures or

tables will require approval of the JOE Editor or associate editors. If you are
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not sure whether your manuscript falls within one of the categories above, or
would like to request preapproval for submission of additional figures please
contact the Editor by email atjendodontics@uthscsa.edu.

Importantly, adhering to the general writing methods described in these
guidelines (and in the resources listed below) will help to reduce the size of
the manuscript while maintaining its focus and significance. Authors are
encouraged to focus on only the essential aspects of the study and to avoid
inclusion of extraneous text and figures. The Editor may reject manuscripts
that exceed these limitations.

Available Resources:

Strunk W, White EB. The Elements of Style. Allyn & Bacon, 4th ed, 2000, ISBN
020530902X.

Day R. How to Write and Publish a Scientific Paper. Oryx Press, 5th ed. 1998.
ISBN1-57356-164-9.

Woods G. English Grammar for Dummies. Hungry Minds:NY, 2001 (an
entertaining review of grammar).

Alley M. The Craft of Scientific Writing. Springer, 3rd edition 1996 SBN 0-387-
94766-3.

Alley M. The Craft of Editing. Springer, 2000 SBN 0-387-98964-1.
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Normas para publicacao no periédico Clinical Oral Investigations

Guidelines for Publishing Papers in the CLOI

Types of papers
Papers may be submitted for the following sections:

Original articles
Invited reviews

Short communications
Letters to the editor

It is the general policy of this journal not to accept case reports and pilot
studies.

Manuscript Submission

Submission of a manuscript implies: that the work described has not been
published before; that it is not under consideration for publication anywhere
else; that its publication has been approved by all co-authors, if any, as well as
by the responsible authorities — tacitly or explicitly — at the institute where the
work has been carried out. The publisher will not be held legally responsible
should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already
been published elsewhere are required to obtain permission from the copyright
owner(s) for both the print and online format and to include evidence that such
permission has been granted when submitting their papers. Any material
received without such evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your
manuscript files following the instructions given on the screen. The Springer
Author Academy is a set of comprehensive online training pages mainly geared
towards first-time authors. At this point, more than 50 pages offer advice to
authors on how to write and publish a journal article.

Text Formatting

Manuscripts should be submitted in Word. Use a normal, plain font (e.g., 10-
point Times Roman) for text. Use italics for emphasis. Use the automatic page
numbering function to number the pages. Do not use field functions. Use tab
stops or other commands for indents, not the space bar. Use the table function,
not spreadsheets, to make tables. Use the equation editor or MathType for
equations.
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Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions). Manuscripts with mathematical content can also be submitted in
LaTeX. LaTeX macro package (zip, 182 kB) Headings Please use no more than
three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently
thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the
citation of a reference included in the reference list. They should not consist
solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.
Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values
and other statistical data). Footnotes to the title or the authors of the article are
not given reference symbols. Always use footnotes instead of endnotes.
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Electronic Figure Submission Supply all figures electronically. Indicate what
graphics program was used to create the artwork. For vector graphics, the
preferred format is EPS; for halftones, please use TIFF format. MSOffice files
are also acceptable. Vector graphics containing fonts must have the fonts
embedded in the files. Name your figure files with "Fig" and the figure number,
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faint lines and/or lettering and check that all lines and lettering within the figures
are legible at final size. All lines should be at least 0.1 mm (0.3 pt) wide.
Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi. Vector graphics containing fonts must have the
fonts embedded in the files.

Halftone Art
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magnification is used in the photographs, indicate this by using scale bars
within the figures themselves. Halftones should have a minimum resolution of
300 dpi. Definition: a combination of halftone and line art, e.g., halftones
containing line drawing, extensive lettering, color diagrams, etc. Combination
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Color art is free of charge for online publication. If black and white will be shown
in the print version, make sure that the main information will still be visible.
Many colors are not distinguishable from one another when converted to black
and white. A simple way to check this is to make a xerographic copy to see if
the necessary distinctions between the different colors are still apparent. If the
figures will be printed in black and white, do not refer to color in the captions.
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Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts). Keep
lettering consistently sized throughout your final-sized artwork, usually about 2—
3 mm (8-12 pt). Variance of type size within an illustration should be minimal,
e.g., do not use 8- pt type on an axis and 20-pt type for the axis label. Avoid
effects such as shading, outline letters, etc. Do not include titles or captions
within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals. Figures should always be
cited in text in consecutive numerical order. Figure parts should be denoted by
lowercase letters (a, b, c, etc.). If an appendix appears in your article and it
contains one or more figures, continue the consecutive numbering of the main
text. Do not number the appendix figures, "A1, A2, A3, etc." Figures in online
appendices (Electronic Supplementary Material) should, however, be numbered
separately.
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Figure Captions

Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure
file. Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type. No punctuation is to be included after the number,
nor is any punctuation to be placed at the end of the caption. Identify all
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the original source in the form of a reference citation at the end of the figure
caption.
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preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm
wide and not higher than 234 mm. For books and book-sized journals, the
figures should be 80 mm or 122 mm wide and not higher than 198 mm.
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figure lettering has a contrast ratio of at least 4.5:1

Integrity of research and reporting
Ethical standards

Manuscripts submitted for publication must contain a statement to the effect that
all human and animal studies have been approved by the appropriate ethics
committee and have therefore been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and its later
amendments. It should also be stated clearly in the text that all persons gave
their informed consent prior to their inclusion in the study. Details that might
disclose the identity of the subjects under study should be omitted. These
statements should be added in a separate section before the reference list. If
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these statements are not applicable, authors should state: The manuscript does
not contain clinical studies or patient data. The editors reserve the right to reject
manuscripts that do not comply with the above-mentioned requirements. The
author will be held responsible for false statements or failure to fulfill the above-
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3. Comité de ética

ki >
AWy UNIVERSIDADE ESTADUAL PAULISTA /BN
u ne Sp “JULIO DE MESQUITA FILHO” N atuba

CAMPUS ARAGATUBA
FACULDADE DE ODONTOLOGIA
FACULDADE DE MEDICINA VETERINARIA

CEUA - Comissao de Etica no Uso de Animais
CEUA - Ethics Committee on the Use of Animals

CERTIFICADO
Certificamos que o Projeto de Pesquisa intitulado “Influéncia local e sistémica da
suplementacao alimentar com o acido graxo 6mega-3 em ratos com infeccao
endodontica”, Processo FOA n° 2014-00550, sob responsabilidade de Luciano
Tavares Angelo Cintra apresenta um protocolo experimental de acordo com os
Principios Eticos da Experimentacdo Animal e sua execucdo foi aprovada pela
CEUA em 26 de Junho de 2014.
VALIDADE DESTE CERTIFICADO: 01 de Novembro de 2017.
DATA DA SUBMISSAO DO RELATORIO FINAL: até 01 de Dezembro de 2017.

CERTIFICATE
We certify that the study entitled “Local and systemic influence of dietary
supplementation with 6mega-3 in rats with endodontic infection ”, Protocol FOA
n° 2014-00550, under the supervision of Luciano Tavares Angelo Cintra presents an
experimental protocol in accordance with the Ethical Principles of Animal
Experimentation and its implementation was approved by CEUA on June 26, 2014.
VALIDITY OF THIS CERTIFICATE: November 01, 2017.
DATE OF SUBMISSIONB_F\THE FlNA(F@‘PQRT: December 01,.2017.

Faculdade de Odontologia de Aragatuba

Faculdade de Medicina Veterinaria de Aragatuba

Rua José Bonifacio, 1193 - Vila Mendonga - CEP: 16015-050 - ARAGATUBA — SP
Fone (18) 3636-3234 Email CEUA: ceua@foa.unesp.br

CEUA - Comissao de Etica no Uso de Animais \
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