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BELEM, Ménica de Oliveira. Efeito da fototerapia sobre colite experimental
induzida por 4cido acético em camundongos. 2016. 125 f. Dissertagao (Mestrado
em Patologia Experimental) — Universidade Estadual de Londrina, Londrina, 2016.

RESUMO

As doencas inflamatdrias intestinais (DIl) apresentam intenso infiltrado inflamatério,
abscesso nas criptas, ulceracdes, com perda da arquitetura tecidual, deplecdo de
células caliciformes, alteracdo do sistema nervoso entérico e até perda de fungao
intestinal. As Dlls tém fisiopatologia complexa, sem tratamentos completamente
eficazes. O uso de luz no comprimento de onda do infravermelho apresenta
potencial terapéutico sobre inflamagdes. Objetivou-se avaliar se a fototerapia (940
nm) € capaz de atenuar o processo inflamatério e proteger o tecido lesado do célon
de camundongos com colite experimental. Os experimentos foram divididos em duas
etapas. A primeira visou avaliar a existéncia de potencial anti-inflamatoério da
fototerapia sobre a colite experimental. Havendo essa ag&o, a segunda etapa visou
avaliar como as estruturas que compde a parede colbnica eram protegidas das
lesbes causadas pela colite experimental. Cada etapa experimental resultou em um
artigo cientifico original. Foi realizada indugdo de colite experimental com &acido
acético 7,5% (pH 2,5) em camundongos Swiss machos. Os camundongos foram
tratados com luz proveniente de lampadas de LED no comprimento de onda de 940
nm, 45 nm largura de banda, intensidade de 4,05 J/cm2 e poténcia total de 270 mW
e dose total de 64,8 J por 4 minutos; ou tratados com Prednisolona (5mg/kg/5dias,
via oral). Os resultados da primeira etapa mostraram que houve um aumento de
35,71% do numero de camundongos com colite que apresentaram transito intestinal
retardado quando comparados aos animais com colite tratados com a LED terapia. A
colite aumentou a area e o peso do célon, o que foi controlado pela LED terapia.
Quanto as lesbes macroscépicas, animais com colite tiveram um escore médio de
9,5, com inflamacéo e ulceracdes caracteristicas da colite, e a fototerapia reduziu
esse escore em 66,66%, ficando o colon desses animais somente com hiperemia
ulceracbes leves. O tratamento com Iluz reduziu a atividade da enzima
mieloperoxidase (MPO) nos camundongos com colite em cerca de 53%, reduzindo
também a quantidade de infiltrado inflamatério em todas as camadas intestinais. A
colite provocou aumento nos niveis de IL-13, TNF-a, IL-6 no tecido coldnico e essas
citocinas estavam reduzidas nos camundongos tratados com luz. O nivel de IL1-10
nao foi alterado pela LED terapia. Os resultados da segunda etapa mostraram que a
fototerapia reduziu lesdes microscopicas provocadas pela colite, havendo
manutengdo da arquitetura colbénica normal, redugcdo do infiltrado celular e
manutencdo do numero de células caliciformes. A colite experimental ndo alterou o
numero de neurdnios mientéricos gerais (beta-tubulina Ill positivos), porém causou
aumento no numero de neurdnios produtores de 6xido nitrico, peptideo vasoativo
intestinal e substancia P, o que foi atenuado pela fototerapia. Na populagéo geral de
neurdnios mientéricos observou-se que a colite provocou hipertrofia do corpo celular,
o que foi controlado pela fototerapia. Nas subpopulacdes neuronais avaliadas, a
colite provou atrofia do corpo celular. A fototerapia também controlou essa atrofia,
exceto para os neurbnios produtores de subtancia P. Varicosidades VIPérgicas
mientéricas estavam reduzidas nos camundongos com colite e a fototerapia nao
modificou essa condi¢do. A colite e a fototerapia ndo causaram alteragdo no niumero



de células de glia entérica (S100 positivas). Conclui-se que a fototerapia a 940 nm
apresentou efeito anti-inflamatoério no quadro de colite experimental, ja que reduziu
edema e alteracdes no tamanho do cdlon, diminuiu o escore de lesdao macroscopica,
a atividade de MPO e o escore de infiltrado inflamatério. Além disso, a fototerapia
reduziu niveis de citocinas pré-inflamatdérias (IL-1B8, TNF-a e IL-6). Em funcgéo disso,
observou-se que a fototerapia teve efeito protetor sobre as lesdes microscopicas
provocadas pela colite, além de atenuar as alteracbes sofridas por neurdnios
mientéricos nitrérgicos, VIPérgicos e produtores de substéncia P desencadeadas
pela inflamacao.

Palavras-chave Colite Microscopica. Sistema Nervoso Entérico. Fototerapia. Colite
Experimental. Lesdo Macroscopica.
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ABSTRACT

Inflammatory bowel diseases (IBD) present intense inflammatory infiltration,
abscesses in crypts, ulcerations, loss of tissue architecture, goblet cells depletion,
changes in the enteric nervous system and even loss of function. IBD presents
complex pathophysiology and there is no effective treatments. The use of infrared
light has therapeutic potential on inflammation. Our objective was to analyze whether
light-emitting diodes (LED) therapy at 940 nm is able to attenuate the inflammation
process and to protect the injured colon tissue of colitis-induced mice. The
experiments were divided into two steps. First, we evaluated the anti-inflammatory
potential of LED on an experimental colitis model. Second, we assessed how the
colonic wall could be protected from experimental colitis injury if treated with LED at
940 nm. Each experiment resulted in an original scientific paper. Experimental colitis
was induced administrating 7.5% acetic acid(pH 2.5) rectal via in male Swiss mice.
Mice were treated with LED with wavelength 940 nm, 45 nm bandwidth, intensity
4.05 J/cm? total power 270 mW and total dose of 64.8 J for 4 minutes; or treated with
Prednisolone (5mg/kg/5days, orally). Results from the first experiment showed
increase of 35.71% colitis-induced mice with no treatment presenting slowed
intestinal transit compared to mice submitted to LED therapy. Colitis provoked
increase in the area and weight of the colon, which was controlled by LED therapy.
As for gross lesions, colitis-induced mice had a mean score of 9.5, presenting
inflammation and ulceration colitis characteristics, and the phototherapy has reduced
this score in 66,66%, getting the animas colon only with light hyperemia ulcerations.
The LED therapy reduced 53% of MPO activity in colitis-induced mice, and
decreased the inflammatory infiltrate in all intestinal layers. Colitis caused increase in
IL-18, TNF-a and IL-6 levels inside the colonic tissue and they were reduced by LED
therapy. The light treatment had no influence on IL-10 levels. Data from the second
experiment demonstrated that LED therapy reduced microscopic injury, showing
maintenance of the normal colonic architecture, reduction of cellular infiltration and
conservancy of the goblet cells number. Colitis did not change the general myenteric
neurons (beta-tubulin 1l positive) number. However, the inflammation caused
increase of number of nitric oxide, vasoactive intestinal peptide and substance P
producing-neurons, which was attenuated by LED therapy. Colitis caused cell body
hypertrophy in general myenteric neuron, which was controlled by LED therapy.
Colitis provoked cell body atrophy on all evaluated neuronal myenteric
subpopulation. The LED therapy also controlled this atrophy, except for substance P
producing-neurons. VIPergic myenteric varicosities were reduced in colitis-induced
mice and the LED therapy did not change this condition. Colitis and LED therapy did
not cause any change in enteric glial cell (S100 positive) number. We conclude that
LED therapy at 940 nm showed anti-inflammatory effect in experimental colitis,
characterized by reduction of edema, grossinjury score, MPO activity and
inflammatory infiltrate score. Furthermore, LED therapy reduced pro-inflammatory
cytokines levels (IL-1B, TNF-a and IL-6). As the LED therapy had effective
antiinflammatory effect, it was observed protective effect on colitis-induced



microscopic injury, including mitigation of changes in nitrergic, VIPergic and
substance P producing-myenteric neurons triggered by inflammation.

Keywords: Microscopic Colitis. Enteric Nervous System. Phototherapy.
Experimental Colitis. Macroscopic Injury.
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1 INTRODUCAO

Doencas Inflamatérias Intestinais (DIl) € um termo genérico usado para
identificar um grupo de doencas inflamatorias crbnicas que ocorrem no intestino. As
duas formas mais comuns de DIl sdo a Doenca de Crohn (DC) e a Retocolite
Ulcerativa (RCU). Até o momento ndo se sabe, com precisdo, quais sdo os fatores
gue desencadeiam o surgimento destas doencas, mas ha evidencias de que fatores
genéticos, microbianos e a imunorregulacdo da mucosa estejam envolvidos na
patogénese das DlIs (FIOCCHI, 2005; STEFANELLI et al., 2008; BAUMGART, 2009;
BRAZILIAN STUDY GROUP OF IBD, 2010). Sabe-se também que a DC é mais
regulada geneticamente do que a RCU (HALME et al., 2006) e que nenhum fator ou
agente sozinho é responsavel pelo desenvolvimento dessas doencas.

Atualmente, as DIl representam uma das principais preocupacdes dentro da
gastroenterologia, pois o nimero de individuos com diagnéstico confirmado tem
aumentado progressivamente e, além disso, atingem individuos de diferentes faixas
etarias (sobretudo dos 20 aos 40 anos), ambos 0s sexos, cursam com recidivas
frequentes e podem manifestar formas clinicas de alta gravidade (HANAUER, 1990;
KWON et al., 2005; ZHU; LI, 2012).

Dados epidemiologicos disponiveis demonstram que as DIl tém maior
prevaléncia nos paises ocidentais, sendo o Canada o pais com maiores taxas
(MOLODECKY et al.,, 2012), além dos Estados Unidos e paises da Europa
(HENDRICKSON; GOKHALE; CHO, 2002; MARGOLIS; KIRCHGESSNER, 2009;
BAUMGART, 2009; LAKHAN; KIRCHGESSNER, 2010; ZHU; LI, 2012). No Brasil os
dados epidemiolégicos sdo esparsos com estudos regionalizados como por exemplo
GABURRI et al., (1998) em Juiz de Fora (MG), SOUZA et al., (2002) em Ribeirédo
Preto (SP), DE SOUZA; BELASCO; AGUILAR-NASCIMENTO, (2008) em diferentes
municipios do Mato Grosso, OLIVEIRA; EMERICK; SOARES, (2010) na regiéao leste
do estado de Minas Gerais, KLEINUBING-JUNIOR et al., (2011) em Joinville (SC). A
Federacgéo Brasileira de Gastroenterologia admite que haja uma subnotificacdo dos
casos e, para isso, organizaram um Grupo de Estudos que esta tentando criar uma
estratégia mais eficaz de registro.

Entre os grandes desafios para esse registro esta a falta de padronizacéo dos
critérios diagnosticos e de profissionais especializados (OLIVEIRA; EMERICK;

SOARES, 2010). Apesar de poucos dados epidemiolégicos de paises em
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desenvolvimento, estudos mostram que as taxas de incidéncia das DIl tém
aumentado em diferentes regides do mundo, indicando sua emergéncia como
doenca global (VICTORIA; SASSAK; NUNES, 2009; MOLODECKY et al.,, 2012;
ZHU; LI, 2012).

Do ponto-de-vista morfofisiolégico, a RCU pode comprometer o reto e o colo,
especialmente o célon descendente, de maneira difusa, enquanto que a DC pode
ocorrer em qualquer segmento do tubo digestério, da boca ao anus, embora o ileo e
a regido ileo-cecal sejam mais frequentemente afetadas (STEFANELLI et al., 2008;
ZHU; LI, 2012). Além disso, na RCU, as regifes inflamadas sdo continuas e podem
atingir toda a extenséo do colo e reto, enquanto que na DC as lesGes apresentam-se
de maneira descontinua quando se considera a extensao do tubo digestoério, ou seja,
ha regibes inflamadas intercaladas com regiées nado inflamadas (ZHU; LI, 2012).
Outra diferenca é observada quando se analisa 0 comprometimento das camadas
da parede intestinal das regides inflamadas, pois na RCU, geralmente, a mucosa
apresenta-se alterada devido a presenca de abscessos nas criptas intestinais e
infiltrado de células inflamatérias na lamina prépria, 0s quais provocam distor¢cdes
nas glandulas mucosas e deplecdo de células caliciformes, e também ndo esta
associada a presenca de granulomas, estreitamento e fistulas; enquanto que na DC
todas as camadas da parede intestinal podem estar alteradas (inflamacéo
transmural) e pode estar associada a presenca de granulomas, estreitamento e
fistulas (ABRAHAM; CHO, 2009).

Do ponto-de-vista clinico, a RCU é marcada por periodos de exacerbacao e
remissdo, e 0s sintomas mais frequentes sao: diarréia, enterorragia, possibilidade de
muco nas fezes, dor abdominal com célicas, urgéncia em evacuar e tenesmo
(ISKANDAR; CIORBA, 2012). Além disso, pacientes com RCU apresentam maior
risco de desenvolvimento de carcinoma colo-retal (BAUMGART, 2009; ZHU; LI,
2012). Os pacientes de DC geralmente apresentam o0s seguintes sintomas: dor
abdominal, diarréia, perda de peso, mal-estar e, em alguns casos, pode ocorrer
obstrucao intestinal (CARTER; LOBO; TRAVIS, 2004). Cerca de 5% dos pacientes
com DIl, com comprometimento da regido do colo, apresentam caracteristicas
clinicas, radiologicas, endoscoépicas e/ou histopatologicas de ambas as condi¢cOes
(DC e RCU). Nestes casos, a doenca é denominada colite “ndo classificada”
(MOWAT et al., 2011).
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Varios modelos experimentais de DIl tém sido descritos com o objetivo de
elucidar os mecanismos envolvidos na patogénese destas doencas e também de
avaliar a eficacia de novas propostas terapéuticas (GREENWOOD-VAN
MEERVELD; PRUSATOR; JOHNSON, 2015). Embora os modelos nédo reproduzam
exatamente a doenca em humanos, eles tém sido Uteis para estudar muitos
aspectos importantes destas condi¢cdes. Os modelos mais comumente utilizados sé&o
agueles induzidos pela administracdo de um agente quimico exdgeno, como acido
trinitrobenzoéico (TNBS), sulfato sodico de dextrana (DSS) e o acido acético. A
administracéo do acido acético pela via retal induz colite de forma aguda e restrita a
porcdo distal do célon devido ao dano epitelial causado por seu carater 4cido. Além
das alteracGes na porcdo distal, também séo registradas alteracbes motoras nas
porcdes superiores do trato gastrointestinal na vigéncia da inflamacéo crénica (LIMA
JUNIOR, 2013). O modelo de inducdo de RCU utilizando-se o &acido acético tem sido
utilizado para testes de tratamentos farmacoldgicos, pois caracteriza os episodios de
recidiva da RCU de forma tipica (GUAZELLI et al., 2013; LIMA JUNIOR, 2013).

Em 1978, MacPherson e Pfeiffer mostraram que a administracdo de solucéo
de acido acético por via retal era capaz de induzir de maneira dose-dependente uma
inflamacéo aguda, difusa e reprodutivel na porcéo distal do célon de ratos. A lesédo
colénica induzida pela administracdo via retal de &cido acético em murinos
apresenta caracteristicas similares a RCU em humanos, ja que ambas sao
caracterizadas por inflamacéo difusa da mucosa, ulceracdes superficiais e reducao
das células caliciformes (RANI et al., 2011). Além disso, também é possivel verificar
infiltracdo de polimorfonucleares no tecido, liberagdo de citocinas pro-inflamatorias,
como interleucina-1p (IL-1p) e o fator de necrose tumoral-alfa (TNF-o)) (LUO et al.,
2010; AMIRSHAHROKHI; BOHLOOLI; CHINIFROUSH, 2011).

Parte dos sintomas observados nas DIl € decorrente de alteragbes do
funcionamento de células pertencentes ao Sistema Nervoso Entérico (SNE), o
principal componente do Sistema Nervoso Autbnomo que regula o funcionamento do
tubo digestério (FURNESS, 2012). O SNE é composto por plexos interconectados
gue interagem com células posicionadas desde o revestimento da mucosa até a
serosa. Seus componentes celulares sdo neurdnios e células gliais entéricas, os
quais sdo considerados como o0s principais reguladores da funcdo motora e
secretora do tubo digestério (FURNESS, 2006). A literatura apresenta-se
heterogénea quanto as descricdes de lesbes provocadas pelas DIl sobre essas
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células. Moynes et al. (2014) apresenta uma consistente revisdo da literatura que
destaca as seguintes alteracbes do SNE em decorréncia da RCU: a) perda neuronal;
b) aumento de densidade axonal; c) alteracdo do conteddo neuroquimicos de
neuritos: reducéo de peptideo vasoativo intestinal (VIP) e aumento de substancia P;
d) alteracBes morfométricas no corpo celular dos neurénios. Villanacci et al. (2008)
defendem que, nos caso de perda neuronal, ndo se sabe ainda se ela ocorre de
maneira generalizada ou se afeta alguma(s) subpopulacdo(6es) especifica(s). Porém
o comportamento neuronal é dependente do modelo de induc&o da DIl (WINSTON;
LI; SARNA, 2013).

A inflamacédo de tecidos tem inicio principalmente diante de uma resposta
imune exacerbada que leva a sinalizacdo de moléculas pro-inflamatérias como
prostaglandina E2 (PGE;), ciclooxigenase-1 (COX-1), ciclooxigenase-2 (COX-2),
interleucina-1B (IL-1pB), interleucina-6 (IL-6), interleucina-8 (IL-8) e fator de necrose
tumoral- a (TNF-a) (ABBAS et al.,, 2010), o mesmo acontece no tecido intestinal
durante as DII. Esse quadro inflamatério intestinal acarreta o inicio de alteracdes no
padrdo de contratilidade muscular intestinal (DANESE; GASBARRINI, 2005; AKIHO
et al., 2011), sobretudo no cdélon de individuos com RCU, como resultado da estreita
interacao entre células imunes entéricas e do SNE, dentre as quais as células gliais
entéricas tém papel importante na permeabilidade intestinal, pois em casos extremos
de inflamacdo ocorre auséncia da funcédo dessas células (NEZAMI; SRINIVASAN,
2010). Assim, de uma forma geral, considera-se que, durante as crises de individuos
com DIl, desordens inflamatérias desencadeiam diferentes formas de dismotilidade
intestinal, que no caso da RCU manifesta-se principalmente como diarréia
(BERNARDINI et al., 2011).

As desordens inflamatérias sdo resultantes da infiltracdo transmural de
neutrofilos, macréfagos e linfocitos na mucosa e submucosa do colon (ROBERTS-
THOMSON et al., 2011). Os neutréfilos e macrofagos sédo considerados as células
responsaveis pela destruicdo da integridade epitelial e desenvolvimento da lesédo
colonica observada em pacientes com colite ulcerativa (GRISHAM; YAMADA, 1992;
LATELLA; PAPI, 2012; SANEI et al.,, 2014). Indmeros mediadores, incluindo
leucotrienos e varias citocinas inflamatorias, contribuem na quimiotaxia de neutrofilos
na RCU (VILLEGAS et al., 2003; DANESE; GASBARRINI, 2005). Os niveis de IL-1B
sdo aumentados na mucosa de pacientes com colite ulcerativa (BAMIAS; KALTSA,
LADAS, 2011; AKIHO et al., 2011). A interleucina-33 (IL-33) também contribui para a
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migracao de neutrdéfilos através da ativacdo de macréfagos e consequente producao
de quimiocinas e citocinas (como a propria IL-1B), e também agindo diretamente
sobre o rolamento e migracédo dos neutrofilos (VERRI et al., 2010). Estudos recentes
mostraram que o0s niveis de IL-33 estdo aumentados no cdélon de pacientes com
colite ulcerativa ativa (BELTRAN et al., 2010; SEIDELIN et al., 2010; KOBORI et al.,
2010), sugerindo o envolvimento desta citocina na patogénese da RCU. Sendo
assim, o bloqueio de IL-1B e da IL-33 durante a RCU, poderia ajudar na reducdo da
severidade da doenca. Por outro lado, a interleucina-10 (IL-10) é considerada uma
citocina importante na manutencdo da homeostase intestinal (PAUL; KHARE;
GASCHE, 2012). Camundongos geneticamente deficientes para IL-10 desenvolvem
RCU espontaneamente, sendo este um modelo experimental genético para doencas
inflamatdrias intestinais (KUHN et al., 1993). Além disso, alteragbes genéticas no
locus da IL-10 também contribuem para o desenvolvimento da RCU (PAUL; KHARE;
GASCHE, 2012). Neste sentido, fica clara a participagcdo da IL-10 como um
mediador que previne o desenvolvimento da RCU. Desta maneira, tratamentos que
evitem a queda dos niveis de IL-10 no colon durante a RCU podem ser uma boa
alternativa para reducgéo do processo inflamatoério nestes casos.

Os tratamentos convencionais para as DIl incluem os aminosalicilatos,
corticosterdides, imunossupressores ndo esteroidais e terapia anti-TNF (BURGER,;
TRAVIS, 2011), porém nenhuma estratégia terapéutica ja estabelecida é
completamente eficaz no tratamento das DIl (BRAZILIAN STUDY GROUP OF IBD,
2010; BELEM; ODA, 2015). Por isso, se faz necessario o desenvolvimento de novas
alternativas terapéuticas. Os objetivos terapéuticos na RCU sdo: a inducédo e
manutencdo da remissao e o restabelecimento da integridade da mucosa, a fim de
evitar a intervencdo cirurgica e diminuir a probabilidade do desenvolvimento do
cancer (NG; KAMM, 2009), alem de melhorar a qualidade de vida do paciente
(BRAZILIAN STUDY GROUP OF IBD, 2010).

Terapia com luz de baixa intensidade ou fotobiomodulacdo por luz em
comprimento de onda do vermelho distante ao infravermelho préximo (630-1000nm),
modula numerosas fun¢bes celulares (DESMET, et al.,, 2006). O uso da luz é
considerado uma das possibilidades de intervencdo terapéuticas de sistemas
biolégicos de boa repercussdo dentro da area médica (GREENWELL; WYMAN;
ROGERS, 2001; MASUMOTO et al, 2003; LIMA et al., 2011; KIRKBY et al., 2012;
LIMA et al., 2013a; LIMA et al., 2013b). Na verdade, o potencial terapéutico da luz
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depende do comprimento de onda utilizado, da intensidade, das condi¢des do tecido
lesado e do sistema que ele esté inserido (KARU, 1987). A auséncia de cuidado com
essas variaveis por alguns autores causou certo ceticismo por parte da comunidade
cientifica sobre a aplicacéo da luz na pratica clinica. Karu na década de 1980 (KARU
et al., 1982; KARU et al., 1983a; KARU et al., 1983b) estabeleceu as bases para a
compreensao dos mecanismos moleculares associados aos efeitos da luz sobre as
células. Esses autores também demonstraram que a resposta celular a
fotoestimulagcdo ndo esta associada as propriedades especificas da luz LASER
(Amplificacdo de luz por emissao estimulada de radiacdo) (KARU; KOLYAKOV,
2005). A utilizagdo da luz com comprimentos de onda dentro da vermelho distante
até a faixa do infravermelho préximo (630-1000nm), associado a uma densidade de
energia minima de 4 J/icm2 apresentam eficacia para estimulacdo de processos
biolégicos (DESMET, et al., 2006).

Fontes de luz como os LASERs apresentam a desvantagem de fornecer luz
apenas monocromatica, ou seja, ndo ha a possibilidade de combinar diferentes
comprimentos de onda. Alem disso, por ter o feixe de incidéncia de luz pontual, ndo
consegue atingir areas grandes, o que também contribui para a emissao, junto da
luz, de uma quantidade razoavel de calor que pode resultar em dano tecidual
(DESMET, et al., 2006). Como alternativa ao uso de LASERs outras fontes
emissoras de luz, como os Diodos Emissores de Luz (LED), foram desenvolvidos
pela Administracdo Nacional Aeronautica e Espacial (NASA) (DESMET, et al., 2006).
Esses dispositivos sdo mais baratos, de maior facilidade de manuseio, e operam
com correntes elétricas relativamente baixas em comparacdo ao LASER
(SCHUBERT, 2006). Além disso, o LED emite luz de comprimentos de onda do
vermelho distante ao infravermelho combinadas, com feixe de incidéncia de luz
conico o que compreende a acéo sobre grandes areas, podendo ser construido de
varios tamanhos e sem a emissédo de calor, 0 que evita o dano tecidual, alem de
contar com um poder de penetracdo tecidual de até 23 centimetros (DESMET, et al.,
2006).

O uso de LED como alternativa terapéutica (LED terapia) € relatado pela
literatura da ultima década (VINCK et al., 2003; EELLS et al., 2004; WONG-RILEY et
al., 2005; KOMINE et al., 2010; SERAFIM et al., 2011; FONSECA et al., 2012; CHOI
et al., 2011; CAMARGO et al., 2012; SANTOS et al., 2014; SIQUEIRA et al., 2015),
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demonstrando seu potencial anti-inflamatério e cicatrizante, sobretudo para doencas
dermatolégicas e danos neuroldgicos (KOMINE et al., 2010).

Em modelos animais, a LED terapia com comprimentos de onda do vermelho
proximo e infravermelho atua no metabolismo energético celular levando a uma
ativacdo de cascatas de sinalizac&o intracelular que reduz a expressao de citocinas
e moléculas pré-inflamatérias (TNF-a IL-1, IL-6, leucotrienos, PGE2, COX-1 e COX-
2), diminuindo a infiltracdo e ativacdo de células pro-inflamatoérias (VINCK et al.,
2003; EELLS et al., 2004; WONG-RILEY et al., 2005; SERAFIM et al., 2011; CHOI et
al., 2011; CAMARGO et al., 2012; FONSECA et al., 2012). Além disso, acelera a
liberacdo de restos teciduais, induz a diferenciagéo e proliferagéo celular, estimula a
angiogénese e acelera a sintese de colageno e outros componentes da matriz
extracelular, além de inibir a dor e a nocicep¢édo (EELLS et al., 2004; DESMET, et
al., 2006; LIM et al., 2007; KOMINE et al., 2010; FONSECA et al., 2012). A LED
terapia ainda atua na reducdo de espécies reativas de oxigénio (EROS) intracelular,
0 que reduz os danos a membrana e inibe a ativacdo da fosfolipase A2 (EELLS et
al., 2004, DESMET, et al., 2006; CHOI et al., 2011).

Bioensaios mostram que a fotobiomodulacdo ativa a cadeia respiratoria
mitocondrial, 0 que leva a ativacao de varias cascatas de sinalizacao intracelular e
proliferacdo celular (DESMET, et al., 2006). O citocromo C oxidase, presente nas
cristas mitocondriais, € o receptor dos fétons irradiados pelo LED, esse € estimulado,
culminando no aumento do metabolismo e maior producdo de energia (ATP),
estimulando a produgcdo e substituicio de componentes celulares danificados
(EELLS et al., 2004; DESMET, et al., 2006) e também de fatores de crescimento,
tais como: fator de crescimento transformante (TGF) e fator de crescimento de
fibroblastos (FGF). Esses fatores de crescimento podem ativar a via de sinalizagc&o
extracelular regulado por quinases (ERK) em varias linhagens celulares (DESMET,
et al., 2006; KOMINE et al., 2010).

A LED terapia com comprimento de onda de 635 nm em culturas de amostra
de gengiva humana inflamada estimula redugcédo da inflamag&o por inibicdo da
producdo de PGE;, COX-1 e COX-2, reduziu a expressédo de IL-6 e IL-8, alivia o
stress celular reduzindo as ERO, sendo assim compativel com o tratamento por anti-
inflamatorios (CHOI et al., 2011).

Sobre feridas na pele, a LED terapia, com comprimento de onda de 670 nm

de intensidade, demonstrou que sua principal atuacdo se da principalmente na fase
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Il do processo de cicatrizacdo (proliferacdo celular), possivelmente devido ao
aumento do metabolismo respiratorio energético, com proliferacdo de fibroblastos,
sintese de colageno e pré-colageno, fator de crescimento de queratinocitos (KGF),
fator de crescimento transformante (TGF) e fator de crescimento derivado de
plaguetas (PDGF), e producdo de matriz extracelular (EELLS et al., 2004).

ApGs o exercicio fisico fatigante, a LED terapia com comprimento de onda na
faixa 940 nm reduz creatino quinase e proteina C reativa, indicando assim um efeito
protetivo a inflamac&o do musculo estriado esquelético estudado. Além disso, sabe-
se que o tecido muscular lesado de animais nédo tratados com LED dentro das
propriedades descritas apresenta infiltrado inflamatério contendo neutrdfilos,
eosinofilos, macréfagos e linfocitos, que estavam removendo as fibras musculares
danificadas. Porém, com a utilizacdo da LED terapia, observa-se reducéo nas fibras
musculares danificadas, bem como das areas de necrose e do infiltrado de células
inflamatorias, sobretudo leucdcitos e neutrofilos circulantes (CAMARGO et al., 2012).
A LED terapia nessas condicfes atua positivamente também no exercicio de
exaustdo, sendo mais eficaz para a prevencao da lesdo muscular pos exercicio do
gue a crioterapia (SANTOS et al., 2014).

Estudos em animais com o esmagamento do nervo ciatico e tratado com LED
terapia com comprimento de onda de 940 nm demonstram que ha uma regeneracao
tecidual e reducdo das areas de edema, diminui a migracdo de células
mononucleadas e reduz a degeneracao tecidual apds o tratamento (SERAFIM et al.,
2011).

Ha ainda estudos que relatam que a LED terapia com comprimento de onda
de 940nm atua beneficamente sobre a reabsorcdo radicular induzida em ratos,
demonstrando que esse tipo de tratamento reduziu o nimero de osteoclastos,
diminuiu o infiltrado de células inflamatodrias, aumentou a quantidade de fibroblastos,
bem como a densidade capilar (FONSECA et al., 2012).

Porém na literatura ndo encontramos trabalhos que avaliem o possivel
potencial terapéutico da terapia de luz emitida por LED sobre a colite, nem
experimental nem clinica.

Assim sendo, o objetivo dessa dissertacdo € avaliar qual o efeito da LED
terapia, com comprimento de onda de 940 nm, largura de banda de 45 nm, poténcia
total de 270 mW, dose total de 64.8 J e intensidade de 4.05 Jicm* sobre a

inflamacé&o da parede intestinal e sobre os componentes da parede colbnica durante
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a colite experimental aguda induzida pela administracdo de acido acético por via

retal em camundongos.
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2 OBJETIVO
2.1 OBJETIVO GERAL

Avaliar o potencial terapéutico da luz no comprimento de onda no
infravermelho (940 nm) emitido por diodos emissores de luz (LED) sobre as
alteracbes funcionais, morfolégicas e moleculares da parede colbnica de

camundongos com colite experimental.

2.1.1 Objetivos Especificos

o Avaliar o efeito da fototerapia com comprimento de onda na faixa do
infravermelho (940 nm) sobre o tempo de transito intestinal e a
formacao de edema no célon de camundongos com colite experimental
induzida por acido aceético.

o Examinar o efeito da fototerapia com comprimento de onda na faixa do
infravermelho (940 nm) sobre lesdes macroscopicas e microscopicas
(histologia das camadas da parede intestinal, analise do plexo
mioentérico e de células caliciformes) no célon de camundongos com
colite experimental induzida por &cido acético.

o Investigar o efeito da fototerapia com comprimento de onda na faixa do
infravermelho (940 nm) sobre alterac6es moleculares (concentracdo de
mieloperoxidase e citocinas IL-13, TNF-a, IL-6 e IL-10) no célon de

camundongos com colite experimental induzida por acido acético.
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Abstract:

Inflammatory bowel diseases (IBD) feature intense inflammatory infiltrate, abscesses
in crypts, ulceration and even loss of function. IBD present complex pathophysiology
and no effective treatment. Infrared wavelength phototherapy shows therapeutic
potential on inflammation. Our goal was to evaluate whether light-emitting diodes
(LED) at 940 nm are capable of mitigating the colitis-induced inflammatory process in
mice. Forty male Swiss mice were assigned into five groups: control; control treated
with LED therapy; colitis without treatment; colitis treated with LED therapy; colitis
treated with Prednisolone. Experimental colitis was induced administrating acetic acid
7.5% (pH 2.5) via rectum. LED therapy was performed with light chacterized by
wavelength of 940 nm, 45 nm bandwidth, intensity of 4.05 J/cm?, total power of 270
mW and total dose of 64.8 J for 4 minutes in a single application. Treatment with
Prednisolone used dose of 5 mg/kg/5days before colitis induction. Part of induced-
colitis mice with no treatment showed retarded intestinal transit compared to those
treated with LED therapy. Colitis caused increase in total area and weight colon,

which was controlled by LED therapy. Colitis-induced mice had an average score of
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9.5 for gross lesion, characterized by typical colitis ulceration. LED therapy reduced
the average score to 2, characterized by mild ulcerations. LED therapy decreased
myeloperoxidase activity in colitis-induced mice and reduced the presence of
inflammatory infiltrate in all intestinal layers. Colitis increased the levels of IL-1 3,
TNF-a, IL-6, which was controlled by LED therapy. We conclude LED therapy at 940

nm showed anti-inflammatory effect on experimental colitis in mice.

Key words: inflamatory bowel diseases; phototherapy; myeloperoxidase; pro-

inflammatory citokine; Macroscopic injury; inflammatory infiltrate.

1. INTRODUCTION

Cronh disease (CD) and ulcerative colitis (UC) are the main forms of
inflammatory bowel disease (IBD) [1-3]. IBD remains with no known etiology [4]. UC
is a complex disease that possibly comes from an inadequate immune response in
genetically susceptible individuals [1]. This is a result of an intimate interaction
between environmental factors and enteric immune system, which contribute to
inflammatory acute crises, which become chronic when they are not controlled [1-3].

UC is characterized by continuous inflammation in the large intestine wall,
reaching the mucosa and submucosa specifically [2, 5]. It is common to observe
ulceration, edema and colonic bleeding [6], polymorphonuclear infiltrate in the
mucosa and increase in pro-inflammatory cytokines, particularly IL-13, TNF-a and IL-
6 [3].

Epidemiological data show that IBD have higher prevalence in Western
countries. Canada is the country with the highest rate [7], in addition to the United
States and countries in Europe [2, 3, 6]. UC patients complain about quality of life
due to diarrhea persistent, rectal bleed, abdominal pain, fever and weight loss [2, 5].
In addition, UC is considered a risk factor for colorectal carcinoma [3].

All colitis-induced injuries come from lymphocyte, neutrophil and monocyte
recruitment to the lesion [1, 3]. Local chemokines and citokines, such as IL-18, IL-6
and TNF-a, stimulate this recruitment [4, 8]. Anti-inflammatory citokines, such as IL-

10, are secreted in order to balance the inflammatory process [9].
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UC does not have gold standard for diagnosis and treatment, nor cure [8]. The
current treatment indicates four drug classes: aminosalicylates, steroids,
immunomodulators [9], and biological therapies that act on inflammatory mediators
using antibodies [10, 11]. It worths noting that all these treatments have many side
effects [9]. Thus, it is very important to investigate others effective treatments with
less side effect.

Discoveries in the last decade have revealed the potential of phototherapy for
treatment of inflammatory diseases [12, 13] and tissue regeneration [14]. However,
there are no studies evaluating the effectiveness of phototherapy as a possible
treatment of UC.

The therapeutic potential of light depends on the wavelength used, bandwidth,
the intensity of energy, the condition of the injured tissue and the system where the
light will be applied [15-17]. Therefore, these variables should be controlled to
achieve the desired effect. Studies show that 600-1000 nm wavelengths have anti-
inflammatory and regenerative effects [18-22].

Considering the anti-inflammatory potential of light at red and near infrared
spectral regions (600-1000 nm) in different types injuries [18-20], this study was
performed to evaluate whether light-emitting diodes (LED) at 940 nm are capable of
mitigating the colitis-induced inflammatory process in mice.

2. METHODOLOGY

All procedures were approved by the Ethics Committee on use of Animals at
State University of Londrina, Protocol n. 113/2014, process n° 14276.2014.60.

2.1. Experimental groups

Male Swiss mice (Mus muscullus) of 60 days of age (25 g) were kept in an
animal house with light-dark cycle of 12 hours and controlled temperature of 23 °C.
Water and chow (Nuvilab CR1, Nutrient Nuvitl Ltda.®, Curitiba, Brazil) were provided
ad libitum. The mice were randomly assigned into five groups (n = 8/group): Control:
healthy animals; Control LED: healthy animals treated with LED; Colitis: colitis
induced-mice with no treatment; Colitis_LED: colitis induced-mice treated with LED;

Colitis_PRED: colitis induced-mice treated with Predinisolone.
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2.2. Colitis induction model and treatments

We followed the protocol for induction of colitis in mice using acetic acid as
described before [23]. After 12 hours of fasting, the animals were anesthetized with
ketamine hydrochloride (20 mg/kg, Dopalen® 11.6%, Sespo Industry and Commerce
Ltda, Paulinia, Brazil, IM) and xylasine hydrochloride (2.5 mg/kg, Anasedan® 2.3%,
Sespo Industry and Commerce Ltda, Paulinia, Brazil, IM). It was used a 3 cm-
polyethylene cannula for rectal solution administration. Previously, all animals
received 100 pL of saline rectal colon cleanse. After one hour, the mice of Control
and Control_LED groups received 200 pL of rectal saline. The Colitis, Colitis_LED
and Colitis_ PRED groups received 200 pL of 7.5% acetic acid (pH 2.5) for induction
of colitis. The Control LED and Colitis LED groups were kept in ventral decubitus.
The equipment used to apply light was positioned one cm above the skin on the
dorsal abdominal region. LED therapy was performed the apparatus 16 cm? and 36
LED lamp with 7.5 mW power unitary, was positioned 1 cm above the dorsal skin of
the mice in the abdominal region to treatment with LED light with wavelength of 940
nm, 45 nm bandwidth, intensity of 4.05 J / cm?, 270 mW total power and total dose of
64.8 J for 4 minutes in a single dose. The treatment was carried out always by the
same operator. The Colitis PRED group received treatment with Prednisolone (5
mg/kg body weight, orally, Prednisolone, Pharma Nostra, Campinas, Brazil), as a

control drug of this experiment, during five days prior to induction of colitis.

2.3. Euthanasia and tissue collection

After 18 hours of induction of colitis, the mice were anesthetized with ketamine
hydrochloride (80 mg/kg, Dopalen® 11.6%, Sespo Industry and Commerce Ltda,
Paulinia, Brazil, IM) and xylasine hydrochloride (10 mg/kg, Anasedan® 2.3%, Sespo
Industry and Commerce Ltda, Paulinia, Brazil, IM) and they were euthanized by

decapitation. The large intestine from the the cecum to the rectum was removed.

2.4. Evaluation of intestinal transit, dimensions, edema and gross lesion

Ten hours after colitis induction, it was administered 100 pL of dye solution
containing Water-soluble Carmine WS 52% (6%, Cochonilha Carmin, Corantec
Natural Dyes Ltda, Sado Paulo, Brazil) and Methylcellulose (0.5%, Methycellulose,

Galena Chemical and Pharmaceutical, Campinas, Brazil) via oral to evaluate the
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intestinal transit [24]. Then, the animals were kept in individual boxes with chow and
water ad libitum for eight hours. It was measured the time required for expulsion of
first red faeces pelet (non-absorbable dye). This time was divided into three classes:
up to 2 hours (normal transit), 2:01-7 hours (traffic slightly retarded) and over 7:01
hours (traffic slowed). Each collected colon was measured for its length and width.

One centimetre-fragment from the distal portion was weight for edema
evaluation. The weight of the fragment (g) was expressed as percentage compared
to the control group [25].

The colon was open following the mesocolic edge for evaluation of gross
lesions. The gross injury scores were determined according to Morris et al. [26]. It
was considered this score range: 0 (no damage), 1 (hyperemia with no ulceration), 2
(linear ulcerations with no significant inflammation), 3 (linear ulcerations with
inflammation in only one area), 4 (two or more areas of inflammation and ulceration),
5 (injury area bigger than 1 cm along the colon), 6 - 10 (injury area bigger than 2 cm

along the the colon; each additional centimeter of injury add one point to the score).

2.5. Determination of myeloperoxidase (MPO) activity and inflammatory infiltrate

The MPO activity was assayed by colorimetric method, as described by
Bradley et al. [27]. One centimetre-samples from the distal portion of the colon were
placed in 50 mM potassium phosphate buffer (pH 6.0) containing 13.72 mM HTAB
(hexadeciltrimetil-ammonium bromide). The samples were frozen in liquid nitrogen
and stored to -80 °C. Then, the samples were homogenized, centrifuged (14000 rpm,
2 min, 4 °C) and the supernatant was used for the colorimetric reaction in 96 wells
plate. It was added 200 pL reaction solution to each aliquot of 15 pL of sample. The
reaction solution contained 52.64 mM O-dianisidine dihydrochloride, 0.015% H,0,
and 30% of 50 mM potassium phosphate buffer (pH 6.0). The reading was performed
in spectrophotometer (Multiskan GO Microplate Spectrophotometer, Thermo
Scientific, Vantaa, Finland) at 450 nm. The number of neutrophils per mg of tissue
was determined using a standard curve of neutrophils.

One centimetre-fragments of the colon were fixed in 4% buffered formalin in
order to analyse inflammatory infiltrate. These samples were included in paraffin,
following routine histological processing. Five micrometers thickness-sections were
stained in hematoxylin and eosin (HE). Qualitative analysis was performed on 400x

magnified images, considering the following parameters: 0-3 score to intensity of
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inflammatory foci on the intestinal layers (mucosa, submucosa and muscle); feature
of the cellular infitrate in the layers as non-existent, circumscribed, diffuse, both;

presence or absence of ganglionitis in the submucosal and myenteric plexi [28, 29].

2.6. Determination of cytokines (IL-7 8, TNF-a, IL-6 and IL-10)

One centimetre-fragments of the colon were placed in sterile saline, frozen in liquid
nitrogen and stored at -80°C. The samples were homogenized and a part was used
for dosage of proteins by Spectrophotometric method as described by Lowry et al.
[30] and modified by Miller [31]. Bovine serum albumin was used as stantard. The
results were expressed as mg of protein per mg of tissue. A second aliquot of tissue
was centrifuged (3000 rpm, 4°C, 10 minutes) and the supernatant was used to
assess the concentration of the cytokines IL-1B, TNF-a, IL-6 and IL-10 by ELISA
(enzyme-linked immunosorbent assay) using eBioscience Kkits (Affymetrix
eBioscience, San Diego, USA). The test was performed according to the
manufacturer's guidelines. The results were obtained by comparing the densities of

optical density curves and standards expressed in pg of cytokines per mg of protein.

2.7. Statistical analysis

Data were expressed as mean = standard error of the mean. The data were
analyzed to identify the type of distribution using Shapiro-Wilk test. One-way ANOVA
test followed Newman-Keuls test was used to compare the groups for most of the
evaluated parameters. Analysis of gross lesion scores was compared between the
groups using non-parametric Kruskall-Wallis test followed by Dunn’s test. Analysis of
intestinal transit was compared between the groups using two-way ANOVA followed
by Newman-Keuls test. All experiments were conducted in duplicate. All statistical
analyses were carried out using the GraphPad Prism6 software (GraphPad Software
Inc., San Diego, USA). The differences were considered statistically significant for p

values < 0.05.
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3. RESULTS

3.1 LED therapy minimized changes of intestinal transit and dimensions, edema and
gross lesions in inflamed colon

All mice from the Control and Control_LED groups showed normal intestinal
transit (up to 2 hours). This shows that the LED therapy in non-inflamed intestine
does not interfere in the intestinal transit. Seven mice (87.5%) of the Colitis group
had intestinal transit intensely retarded (7:01 > hours). All mice treated with
Prednisolone also had intestinal transit intensely retard. Part (37.5%) of mice
submitted to LED therapy showed less colitis-induced impairment of intestinal transit
(Figure 1).

The analysis of edema (Figure 2A) revealed that LED therapy did not cause
any change in healthy tissue. Inflamed colon with no treatment had significant edema
(increase of 89.89% intestinal weight). LED therapy and the treatment with
Prednisolone contributed similarly to minimize the development of colitis-induced
edema.

It was observed LED therapy in healthy tissue did not cause any change in
intestinal dimensions (p > 0.05). On the other hand, inflamed colon with no treatment
had reduced length (Figure 2B), increased diameter (Figure 2 C) and increased
intestinal area (Figure 2 D; p < 0.05). The treatment with Prednisolone tended to
recover the intestinal dimensions in comparison to control. LED therapy showed
effective result, keeping the intestinal dimensions similar to colons from healthy mice
(p <0.05).

There were no gross lesions in healtht tissue submitted to LED therapy (Figure
3). Inflamed colon with no treatment showed average score 9.5 for gross lesions, with
typical purulent ulcerations that extended to the most of the organ (Figures 3 C and
F). The score for gross lesion reduced to 2 in mice submitted to LED therapy, with
ulceration and inflammation more regionalized (Figures 3 D and F). The Prednisolone
treatment reduced the score to 8.5, with typical purulent ulcerations that extended up

to 3 cm of the colonic length (Figures 3 E and F).
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3.2 LED therapy reduced myeloperoxidase (MPO) activity and inflammatory infiltrate
in inflamed colon

The LED therapy in healthy tissue did not change the MPO activity. On the
other hand, colitis with no treatment caused intense increased MPO activity in
relation to control group (p < 0.05). The LED therapy and the treatment with
Prednisolone had expressive reduction of MPO activity in inflamed colon when
compared to those with no treatment (Figure 4A).

Inflamed colon with no treatment showed increased score of inflammatory
infiltrate in the mucosa, submucosa and muscle compared to control group (Figure
4B; p < 0.05). LED therapy has reduced the inflammatory infiltrate in the three

intestinal layers (Figure 4B).

3.3 LED therapy decreased levels of pro-inflammatory cytokines (IL-1 8, TNF-a, IL-6)
in inflamed colon

LED therapy did not change any evaluated cytokine level in healthy tissue (p >
0.05). Colitis provoked significantly increased in IL-13, TNF-a and IL-6 levels (p <
0.05). LED therapy reduced the level of IL-13, TNF-a and IL-6 in inflamed colons (p <
0.05). Mice treated with Prednisolone had reduction only of IL-18 (p < 0.05). LED
therapy did not change the level of IL-10. All these results are in Figure 5.

3. DISCUSSION

There are two types of phototreatment: that uses LASER (light amplification by
stimulated emission of radiation) and that uses LED (light-emitting diodes). The
LASER presents the disadvantage of providing light monochrome only, i.e., there is
no possibility to combine different wavelengths. In addition, LASER cannot reach
wider areas because this light has punctual indicidence, which also contributes to
increase the heat causing tissue injury [32]. The light-emitting diodes (LED) were
developed by the National Aeronautics and Space Administration (NASA) [33]. These
devices are cheaper, easier to handle, and operate with relatively low electrical
currents in comparison to the LASER [33]. In addition, the LED emit light of

wavelengths from the red to infrared with conical incidence, allowing action on large
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areas. LED can be built in several sizes and without emission of heat, which avoids
tissue lesion. The light emitted from LED can penetrate up to 23 cm of tissue [32].

In this study, we demonstrate that LED therapy at 940 nm reduced the
inflammatory response triggered by the action of acetic acid on the colon
(experimental colitis). Mice submitted to LED therapy produced less pro-inflammatory
cytokines (IL-1B, TNF-a and IL-6), had less recruitment of immune cells to the
intestinal wall, less edema, less gross lesions and less functional impairment
(intestinal transit).

The acetic acid administration via rectum causes disrupture of the intestinal
epithelium and, consequently, triggers a cascade of events that generates a local
inflammatory process [34]. The colitis is marked by an increase in inflammatory
infiltrate, MPO activity, production of pro-inflammatory cytokines and loss of function
[23, 34]. These characteristics were observed in mice with colitis with no treatment.

Our results showed evidences that the control of acetic acid-induced
inflammation ocorred by decreasing the production of pro-inflammatory cytokines (IL-
18, TNF-a and IL-6), since the level of the anti-inflammatory cytokines IL-10
remained unchanged by the treatments. We have also verified less activity of MPO,
which suggests a decrease in recruitment of neutrophils and lower production of pro-
inflammatory cytokines as consequence [23]. These data suggest that mice from the
Colitis_LED group had lower recruitment of polymorphonuclear to the inflamed colon.
This recruitment is a typical characteristic of colitis [29].

The reduction of the inflammatory infiltrate observed in inflamed colon
submettied to LED therapy, as well as the reduction of pro-inflammatory cytokines,
also contributed to the normalization of intestinal dimensions, including reduction of
edema. Changes in intestinal dimensions are very comom in colitis [35] and it can be
related to alterations of the intestinal transit [36], since colitis-induced mice had
decrease in intestinal length, increase in intestinal diameter and delayed intestinal
transit. This fact can be associated with alterations of the enteric nervous system,
and it can be related to impairment of colonic movements [37].

In addition, the molecular changes caused by colitis are also associated with
functional loss of bowel motility [36]. The intestinal motility control is done by the
autonomic nervous system, especially by its intrinsic component of the
gastrointestinal tract: the enteric nervous system [36]. Enteric neurons have

receptors for several types of cytokines, including pro-inflammatory cytokines, such
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as IL-6R, IL-1R [38-40]. Studies show that these cytokines alter intestinal motility
pattern [41, 42].

Finally, the intense reduction of gross lesions observed in mice submitted to
LED therapy highlights the therapeutic, anti-inflammatory and protective potential of
the treatment with light at 940 nm, as shown in other tissues [18-21].

This is the first study that presents evidence of the anti-inflammatory effect of
the light on experimental colitis in mice. It should be noted that, in this study and
others in the literature [18-22], light with wavelengths close to the near-infrared
spectrum (particularly close to 1000 nm) presents efficient anti-inflammatory effect.
Unlike the use of anti-inflammatory drugs, no side effects have been described for
the use of the light emitted by LED [43], as also observed in this study.

Translational studies are required to evaluate the therapeutic potential of the
light in colitis patients. It is supported by evidences of clinical efficacy of LED therapy
showing decrease in mucosite oral pain in patients with bone marrow transplantation

[44], prevention of muscle fatigue [45], and also in patients with chronic ulcer [22].

4. CONCLUSION

We conclude that the LED therapy at 940 nm was capable of mitigating the
colitis-induced inflammatory process in mice, since we observed partial recovery of
the intestinal transit, reduction of edema colonic, normalization of intestinal
dimensions, reduction of myeloperoxidase activity and inflammatory infiltrate and

reduction of colonic pro-inflammatory cytokines IL-1 3, TNF-a and IL-6.
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Figure 1. Digestive tract transit time in colitis induced-mice submitted to LED therapy
at 940nm or treated with predinisolone. <2h normal transit; 2 <tempo<7h slightly
delayed transit and > 7h intensely slowed transit. Groups: Control (S), Control LED
(SL), Caolitis (C), Colitis_LED (CL), Colitis_ PRED (CP). * p <0.05 compared to Control
group. ¥ p <0.05 compared to Colitis group. Two-way ANOVA followed by Newman-

Keuls test.
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Figure 2. Edema (A), length (B), diameter (C) and area (D) of total colon of colitis

induced-mice submitted to LED therapy at 940nm or treated with predinisolone

(Pred). * p <0.05 compared to Control group. * p <0.05 compared to Colitis group.

One-way ANOVA followed by Newman-Keuls test.
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Figure 3. Photomicrography in stereomicroscope of colon of colitis induced-mice
submitted to LED therapy at 940nm or treated with Predinisolone (Pred). (A) Control:
healthy animals; (B) Control_LED: healthy animals treated with LED; (C) Colitis:

colitis induced-mice with no treatment; (D) Colitis_LED: colitis induced-mice treated



40

with LED; (E) Colitis_PRED: colitis induced-mice treated with predinisolone; (F) gross
lesion score (bar indicates median). * p < 0.05 compared to Control group. * p < 0.05

compared to Colitis group. Kruskal-Wallis test followed by Dunn's test.
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Figure 4. Myeloperoxidase enzyme activity (A) and inflammatory infiltration score (B)
in colonic mucosa, submucosa and muscle of colitis induced-mice submitted to LED
therapy at 940nm or treated with predinisolone (Pred). S: Control; SL: Control_LED;
C: Caolitis; CL: Colitis_LED; CP: Colitis PRED. * p <0.05 compared to Control group.
#* p <0.05 compared to Colitis group. ‘p <0.05 compared to Control group. (A) one-
way ANOVA followed by Newman-Keuls test. (B) two-way ANOVA followed by

Newman-Keuls test.
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Figure 5. IL-1B (A), TGF-a (B), IL-6 (C) and IL-10 (D) levels in colonic tissue of colitis
induced-mice submitted to LED therapy at 940nm or treated with predinisolone
(Pred). * p <0.05 compared to Control group. * p <0.05 compared to Colitis group.

one-way ANOVA followed by Newman-Keuls test.
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Resumo

A retocolite ulcerativa induz aumento de infiltrado inflamatorio, perda da arquitetura
tecidual, deplecédo de células caliciformes e alteracdo do sistema nervoso entérico.
Na area fotobiomédica utiliza-se diodos emissores de luz (LED) no infravermelho
para o controle da inflamagé&o. Objetivou-se avaliar o efeito da LED terapia (940 nm)
sobre a morfologia do célon de camundongos com colite experimental. Utilizou-se
camundongos Swiss machos para inducdo de colite experimental por acido acético
7,5% (pH 2,5). Aplicou-se LED terapia com comprimento de onda de 940 nm, 45 nm
largura de banda, intensidade de 4,05 J/cm? e poténcia total de 270 mW, dose total
de 64,8 J por 4 minutos em aplicacdo Unica; ou tratamento com Prednisolona
(5mg/kg, via oral) durante os cinco dias pré-inducéo. Avaliou-se lesdo microscopica,
contagem de células caliciformes e o plexo mientérico. A LED terapia reduziu as
lesbes microscopicas provocadas pela colite, com manutencdo da arquitetura
colénica normal, reducdo do infiltrado celular e manutengdo do numero de células
caliciformes. A colite experimental causou aumento no nimero e atrofia de neurénios
produtores de oxido nitrico, peptideo vasoativo intestinal e substancia P, o que foi
atenuado pela fototerapia. A colite provocou hipertrofia do corpo celular da
populacdo geral de neurdnios mientéricos, o que foi controlado pela fototerapia.
Varicosidades VIPérgicas mientéricas estavam menores no colon com colite e a
fototerapia ndo modificou essa condigdo. A colite e a fototerapia ndo causaram
alteracdo no numero de células de glia entérica. Conclui-se que a fototerapia a 940
nm apresentou efeito protetor sobre as lesbes microscopicas provocadas pela colite,
além de atenuar as alteracdes sofridas por neurbnios mientéricos nitrérgicos,

VIPérgicos e produtores de substancia P desencadeadas pela inflamacéao.

Palavra-chave: Lesdo Microscoépica. Fototerapia. Colite Experimental. Infravermelho.

Sistema Nervoso Entérico
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1. INTRODUGCAO

As doengas inflamatorias intestinais (DIl) s@o representadas principalmente
pela doenca de Cronh (DC) e a retocolite ulcerativa (RCU).'® Sem etiologia
completamente conhecida, sofrem influéncia de fatores ambientais, da microbiota e
do sistema imune entérico.?>*° Além disso, Dlls parecem estar relacionadas a uma

resposta imune inadequada de individuos geneticamente susceptiveis.*

A RCU é caracterizada por inflamacédo continua que se estende do coélon
proximal ao reto,® com danos das camadas mucosa e submucosa.>® As lesdes
microscépicas comumente encontradas na colite sdo caracterizadas pela formacéo
de abscessos nas criptas intestinais e infiltrado de células inflamatérias na lamina

prépria.”®

Neutréfilos e macrofagos sdo considerados as células responsaveis pela
destruicdo da integridade epitelial coldnica e a lesdo tecidual.®® E ainda comum
observar distorcédo das glandulas mucosas e a deplecdo de células caliciformes.™
Esses fatores contribuem para uma maior suscetibilidade a entrada de patdgenos da

microbiota, em funcdo do rompimento da barreira epitelial coldnica.?

A colite causa também alteracdes no sistema nervoso entérico (SNE).*® O
SNE é uma subdivisdo do sistema nervoso autdnomo que funciona de forma quase
independente, dividido em dois plexos ganglionados interconectados. O plexo
submucoso é responsavel pela estimulacdo de secrecdo e controle vascular, e o
plexo mientérico é responsavel pelo controle da contracdo muscular esofafica e

gastrointestinal.***°

A resposta entérica € dependente do modelo de indugcdo experimental de
colite, da espécie em estudo, regido intestinal e tempo pos induc;éio.lﬁ'18 Existe relato
de perda neuronal, aumento de densidade axonal, alteracdo do conteudo
neuroquimicos de neuritos, reducdo de VIPérgicos e aumento de neuritos positivos
para substancia P, além de alteragbes morfométricas no corpo celular dos
neurdnios.'® N&do se sabe, com certeza, se a possivel perda neuronal é generalizada
ou se afeta subpopulacbes neuronais especificas.’® Essa alteracdo neuronal

entérica pode culminar com perda de funcdo.*®
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Por ndo apresentar etiologia completamente conhecida, a RCU também nao
apresenta tratamento completamente eficaz ou cura.? As terapias medicamentosas

incluem os aminosalicilatos, os corticosterdides, os imunomoduladores®??

e terapias
biolégicas com anticorpos.?*% Porém todos esses tratamentos apresentam muitos

efeitos colaterais,?® o que reduz ainda mais a qualidade de vida desses pacientes.?’

Diante desse cenério, a busca por novas terapias com reduzidos efeitos
colaterais se faz necessaria. Nesse sentido, a utilizacdo de luz é considerada uma
possibilidade de intervencdo em sistemas bioldégicos com bons efeitos dentro da

area médica.?®>!

O potencial terapéutico da luz € dependente do comprimento de onda,
intensidade e condicbes do tecido lesado, bem como o sistema no qual sera
utilizado.3>* O comprimento de onda na faixa do vermelho e infravermelho préximo
(600 — 1000 nm) tém demonstrado efeitos anti-inflamatorios, reduzindo lesfes

teciduais, de remodelamento do tecido lesado e regenerativos.***°

Sendo assim, esse estudo teve por objetivo avaliar o efeito da LED terapia
(940 nm) sobre a morfologia do colon de camundongos com colite experimental

induzida por acido acético.

2. MATERIAIS E METODOS

Todos os procedimentos foram aprovados pela Comisséo de Etica no Uso de
Animais da Universidade Estadual de Londrina (CEUA/UEL) protocolo 113/2014,
processo n°14276.2014.60.

2.1. Grupos Experimentais

Foram utilizados camundongos Swiss (Mus muscullus) machos de 60 dias de
idade e peso médio de 25 g, mantidos em caixas de polipropileno com quatro
animais/caixa, sob ciclo claro-escuro de 12 horas e temperatura de 23°C com agua e

racdo comercial para roedores (Nuvilab CR21, Nuvitl Nutrientes Ltda.®, Curitiba,
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Brasil) fornecidos ad libitum. Os animais foram distribuidos aleatoriamente nos
grupos (n=8/grupo): Controle, Controle_LED, Colite_LED, Colite, Colite_PRED.

2.2. Modelo de Inducéo de Colite e Tratamentos

Para induc&o da colite seguiu-se protocolo de estudo prévio.** Apés 12 horas
de jejum solido, os animais foram anestesiados cloridrato de ketamina (20 mg/kg,
Dopalen® 11,6%, Sespo Industria e Comercio Ltda, Paulinia, Brasil, IM) e cloridrato
de xilasina (2,5 mg/kg, Anasedan® 2,3%, Sespo Industria e Comercio Ltda, Paulinia,
Brasil, IM). Foi utilizada uma canula de polietileno de 3 cm de comprimento para
administragao das solugdes via retal. Previamente, todos os animais receberam 100
ML de salina via retal para limpeza do célon. Apds uma hora, os camundongos dos
grupos Controle e Controle LED receberam 200 pL de salina via retal. Os dos
grupos Colite_LED, Colite e Colite_PRED receberam 200 yL de acido acético 7,5%
pH 2,5, via retal, para inducdo da colite. Os grupos Controle_LED e Coilte_LED
foram mantidos em decubito ventral. O equipamento de 16 cm2 e com 36 lampadas
de LED, com poténcia unitaria de 7,5 mW foi posicionado a 1 cm acima da pele do
dorso dos camundongos na regido abdominal, para tratamento com luz de LED com
comprimento de onda de 940 nm, 45 nm largura de banda, intensidade de 4,05
Jicm? e poténcia total de 270 mW, dose total de 64,8 J por 4 minutos em aplicacéo
Gnica. O tratamento foi realizado sempre pelo mesmo operador. Os animais do
grupo Colite PRED receberam tratamento com Prednisolona (5 mg/kg de peso de
animal, via oral, Prednisolone, Pharma Nostra, Campinas, Brazil), droga controle do
modelo experimental, durante os cinco dias prévios a inducédo da colite.

2.3. Eutanasia e coleta de amostras

Apés 18 horas da inducdo da colite os camundongos foram novamente
anestesiados com cloridrato de ketamina (80 mg/kg, Dopalen® 11,6%, Sespo
Industria e Comercio Ltda, Paulinia, Brasil, IM) e cloridrato de xilasina (10 mg/kg,

Anasedan® 2,3%, Sespo Industria e Comercio Ltda, Paulinia, Brasil, IM) para serem
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submetidos a eutandsia por decaptacdo. Por laparotomia ventral, o intestino grosso,

nos limites do ceco e reto, de todos os camundongos foi removido.

2.4. Avaliacdo de Lesbes Microscopicas e Histologia da Parede Col6nica

2.4.1. Processamento

Os segmentos intestinais foram cuidadosamente lavados com solucdo de
NaCl 0,9% e imersos em solucdo de formalina tamponada a 4% em tampéo fosfato
de sédio 0,1M pH 7,4, durante 24 horas. Na sequéncia, foram submetidos a rotina
de processamento histoldégica para confeccbes laminas contendo cinco cortes
histolégicos transversais, na regido mediana do seguimento coldénico, com 5 ym de
espessuras e corados com: Hematoxilina e Eosina (HE), Acido Periédico Reativo de
Schiff (PAS), Alcian Blue pH 2,5 (AB pH 2,5) e Alcian Blue pH 0,5 (AB pH 0,5).

2.4.2. Obtengé&o de imagens
Oito imagens do melhor corte foram capturadas por camera digital de alta
resolucdo (Moticam 2500, 5.0 M pixel USB 2.0) acoplada ao microscoépio de luz
(Axiophot Zeiss Axiophot). De cada técnica foram capturadas 8
imagens/animal/grupo, conferindo uma volta completa na circunferéncia colonica.
Para cortes corados em HE foi utilizada a objetiva de 20x. E para imagens coradas
em PAS, AB pH 2,5 e AB pH 0,5 foi utilizada a objetiva de 10x.

2.4.3. Andlise

e Avaliacdo das lesdes microscopicas

As imagens dos cortes corados com HE foram avaliadas de leséo
histopatolégicas, de acordo com os critérios descritos por Appleyard e Wallace
(1995).*? Para essa avaliacdo considerou-se alteragBes da estrutura histologica da
parede colonica, infiltrado celular, espessamento das camadas submucosa e
muscular, formacédo de abcesso nas criptas e deplecdo das células caliciformes. O
escore final de lesdo microscopica de cada amostra foi obtido pela soma dos
escores individuais determinados para cada um dos achados. Para cada parametro
avaliado os escores variaram entre 0-3, sendo considerado O, tecido normal, 1,

alteracdes leves, 2, alteracOes severas, e 3 completamente alterado.
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e Analise quantitativa de células caliciformes
As células caliciformes foram quantificadas utilizando-se imagens de mucosa
dos cortes corados com PAS, AB pH 2,5 e AB pH 0,5. Dessas imagens foi determina
a area de mucosa coldnica a partir do software Image-Pro Plus 4.5. Dentro dessa
area determinada foi contado o ndmero total de células caliciformes. Foi realizada

projecéo para 1cm? quadrado de mucosa.

2.5. Avaliacao do sistema nervoso entérico

2.5.1. Imunofluorescéncia

ApoOs retirada do colon nos limites do ceco e reto, 0 mesmo teve suas
dimensdes medidas para determinacdo da area total do 6rgdo. O colon foi lavado
cuidadosamente com tampéao fosfato salino (PBS) 0,1M pH 7,4 com auxilio de uma
seringa. Amarrou-se uma das extremidades do segmento, o qual foi preenchido com
solucéo fixadora de Zamboni, e amarrou-se a outra extremidade formando uma
bexiga completamente preenchida de fixador. O segmento foi armazenado na
solucéo fixadora por 18 horas a 4°C. Em seguida, a bexiga foi desfeita e 0 segmento
foi aberto na borda mesocdlica para ser desidratado com 4&lcool etilico em
concentracfes crescentes, diafanizado com xilol e reidratado com &lcool etilico em
concentragbes decrescentes. Os segmentos foram armazenados em solugdo de
PBS 0,1M pH 7,4 + azida sodica 0,08% a 4°C. Anéis de 1 cm de espessura foram
microdissecados com auxilio de um estereomicroscopico para obtencdo de
preparados totais do célon contendo apenas o estrato muscular longitudinal e plexo
mioentérico. Os preparados totais foram lavados em solucédo de PBS 0,1M pH 7,4
com Triton a 0,5%, incubados em solucéo de bloqueio antigénico (2% albumina soro
bovina - BSA, 10% soro de burro e PBS 0,1M pH 7,4 com Triton a 0,5%) e, em
seguida, foram incubados em solugdo contendo os anticorpos de interesse (Tabela
1) por 48h. Foram novamente lavados em solu¢éo de PBS 0,1M pH 7,4 com Triton a
0,5%, e incubados em solugdo contendo anticorpo secundario associado a
fluorocromo (Tabela 1) por 2 horas. Por fim, os preparados totais foram lavados em
solugédo de PBS 0,1M pH 7,4 e montados com meio de montagem anti-fade. As
laminas prontas foram armazenadas a 4°C protegidas da luz até o momento da

captura das imagens.
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2.5.2. Aguisicéo de imagens

Para essa analise foram utilizadas imagens capturadas por camera digital de
alta resolucdo (AxioCam, Carl Zeiss, Jena, Germany) acoplada ao microscopio de
fluorescéncia (axioscop Plus light microscope, Carl Zeiss, Jena, Germany) usando o
software AxioVisionRel 4.1. Para analise da imunomarcagao de corpo celular (B-
tubulina 11, nNOS, VIP e Substancia P) foram capturadas 20 imagens/animal/grupo,
utilizando objetiva de 10x. Para imunomrcacao de varicosidades VIPérgicas foram
capturadas 15 imagens/animal/grupo, utilizando objetiva de 40x. Para
imunomarcacao de células da glia entérica (CGE) S100 foram capturadas 30

imagens/animal/grupo, utilizando objetiva de 20x.

2.5.3. Analise quantitativa
Neste estudo contou-se o numero total de corpos celulares de neur6nios
mientéricos imunomarcados para B-tubulina Ill, nNOS, VIP e Substancia P (SP). Em
seguida, foi realizada projecdo do numero de neurbnios/cm? e para a area total do
célon. Por fim, contou-se o numero total de células da glia entérica imunomarcados
para S100. Foi realizada projecdo do niumero de neurdnios/cm? e pela area total do
colon. Para todas as analises foi utilizado o software Image-Pro Plus 4.5.

2.5.4. Analise morfométrica

Neste estudo, também, mediu-se a area (um?2) de 200 do corpo celular de
neurdnios mientéricos imunomarcados para 3-tubulina Ill, nNOS, VIP e Substancia P
(SP) de cada animal. Foi mensurada também a area de 500 varicosidades

mientéricas VIPérgicas de cada animal/grupo.

3. Andlise estatistica

Os dados foram expressos como média + erro padrdo da média. Os dados
foram analisados quanto ao tipo de distribuicdo pelo teste de normalidade de
Shapiro-Wilk. As diferencas estatisticamente significativas entre os grupos foram

identificadas através do teste ANOVA one-way seguida do pos-teste de Newman-
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Keuls. Para a analise de dados ndo paramétricos foi utilizado o teste de Kruskall-
Wallis seguido pelo teste de Dunn. Essas andlises foram realizadas usando-se o
software GraphPad Prism6 (GraphPad Software Inc., San Diego, EUA). As
diferencas foram consideradas estatisticamente significativas para valores

correspondentes a p < 0,05.

4. RESULTADOS

4.1. LED terapia reduziu escore de lesdo microscépica e atenuou deplecéo de

células caliciformes no colon de camundongo com colite experimental

A LED terapia no comprimento de onda de 940 nm mostrou-se eficaz para
atenuar as lesdes microscopicas provocadas pela colite experimental. Observou-se
que o escore médio foi reduzido de 16 + 0,8 nos camundongos com colite sem
nenhum tipo de tratamento (Figura 1 C e E) para 10 + 1,7 nos tratados com LED (p <
0,05, Figura 1 D e F) e para 12 £ 0,5 nos tratados com Prednisolona (p > 0,05,
Figura 1 E e F). A LED terapia em tecido sadio ndo causou alteracéo significativa
(Figura 1A-C).

De uma forma geral, observou-se que a colite provocou deplecédo de células
caliciformes, independentemente da natureza quimica do muco produzido por essas
células. O tratamento com LED a 940nm promoveu a protecdo completa de células
caliciformes produtoras de sialomucinas (AB* pH 2,5, Figura 2B) e sulfomucinas
(AB® pH 0,5, Figura 2C) (p < 0,05); e protecdo parcial de células caliciformes
produtoras de mucinas neutras (PAS®, Figura 2A). A LED terapia ndo provou

nenhuma alteragdo em células caliciformes de tecido sadio (Figura 2).

4.2. LED terapia a 940 nm controlou o desvio fenotipico de neurdnios
mientéricos nitrérgicos, VIPérgicos e produtores de substancia P do cdlon

de camundongos com colite experimental
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A colite experimental no modelo utilizado neste estudo ndo alterou 0 niumero
de neurbnios mientéricos gerais (beta-tubulina Il positivos) (Figura 3), porém causou
aumento no numero de neurdnios produtores de oOxido nitrico (Figuras 4), peptideo
vasoativo intestinal (Figuras 5) e substancia P (Figuras 6), o que foi atenuado pela
fototerapia. Considerando que a area colbnica estava aumenta pela colite sem
nenhum tipo de tratamento (Controle: 5,23 = 0,27 cm?; Colite: 7,03 £ 0,25 cm?; p <
0,05), observou-se que o modelo de colite experimental induzida por acido acético
provoca um desvio fenotipico das subpopulacdes dos neurdnios mientéricos
colénicos, uma vez que se observou uma maior quantidade de neurénios em colons
com ampliacdo de &rea. Esse efeito foi atenuado pela fototerapia. Vale destacar que
a LED terapia a 940 nm foi eficaz para conter o aumento de area colénica induzido
pela colite (Colite: 7,03 £ 0,25 cm?; Colite_LED: 5,32 + 0,38 cm?; p < 0,05) e o desvio
fenotipico de neurdnios mientéricos nitrérgicos, VIPérgicos e produtores de SP.

Na populacdo geral de neurdnios mientéricos observou-se que a colite
provocou hipertrofia do corpo celular, o que foi controlado pela fototerapia (Figura
3F). J4 nas subpopulacbes avaliadas, a colite provocou atrofia do corpo celular
(Figuras 4-6F). A fototerapia também controlou essa atrofia, exceto para 0s
neurdnios produtores de subtéancia P. Varicosidades VIPérgicas mientéricas estavam
reduzidas nos camundongos com colite e a fototerapia ndo modificou essa condigcéo
(Figura 7). A colite e a fototerapia ndo causaram alteracdo no numero de células de

glia entérica (S100 positivas) (Figura 8).

Vale ainda destacar que a LED terapia provocou em tecidos sadios uma
reducao no numero e hipertrofia de neurdnios VIPérgicos (Figura 4F), além de atrofia
no corpo celular de neurdnios nitrérgicos e de produtores de substancia P (Figura 5-
6F).

5. DISCUSSAO

Neste estudo, demonstramos que o tratamento com luz de comprimento de
onda na faixa do infravermelho préximo (940 nm) reduziu as lesbes teciduais
desencadeadas pela acdo do acido acético sobre o epitélio colénico, uma vez que,

camundongos com colite submetidos a LED terapia tiveram menor escore de lesdo
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microscopica, menor deplecdo de células caliciformes intestinais e melhor

preservacao da morfologia do plexo mientérico.

A administracdo de acido acético via retal provoca ruptura do epitélio de
revestimento do coélon e, consequentemente, desencadeia uma cascata de eventos
que gera um processo inflamatério local.’® A colite é caracterizada por lesdo da
camada mucosa e submucosa que se estende do célon proximal ao reto.® Essa
lesdo se deve ao aumento de infiltrado inflamatério” devido a maior producéo de
citocinas pré-inflamatérias,** desencadeando alteracdes microscépicas,’® incluindo
alteracbes do sistema nervoso entérico™® que podem levar & perda de func&o.’® A
maior parte dessas caracteristicas foram observadas neste estudo em camundongos

com colite sem nenhum tratamento.

A reducdo do escore de lesdes microscépicas em animais com colite
submetidos a LED terapia evidencia o efeito protetor que esse tratamento pode
promover no tecido coldnico lesionado pela administracdo de acido acético. Os
nossos resultados corroboram com o efeito positivo da LED terapia encontrado
também em estudos que avaliaram outros tipos de tecidos em processo inflamatério
desencadeados por diferentes formas de lesdo e também com diferentes protocolos

de avaliacdo.**%

Sabe-se que o muco produzido pelas células caliciformes protege o epitélio
intestinal contra a invasdo de microorganismos, os quais ficam aderidos a superficie
de carboidratos que recobre o epitélio.** A intensa deplecéo de células caliciformes
ocorrida nos animais com colite sem tratamento aumenta a suscetibilidade da
barreira epitelial intestinal & microbiota. Essa vulnerabilidade do epitélio pode resultar
em aumento da expressao de proteinas que regulam a permeabilidade paracelular

visando aumentar a efetividade da barreria epitelial.**

A LED terapia se mostrou
eficaz em proteger o tecido coldnico contra essa deplegcéo de células caliciformes, o
que deve ter contribuido para uma menor invasdo da microbiota. Assim sugerimos,
gue houve menos disruptura do epitélio intestinal e, portanto, menor invasao de
microrganismos. Esse achado pode estar relacionado ao menor infiltrado
inflamatorio e preservacao da arquitetura tecidual observados neste estudo no célon

de camundongos com colite submetidos a LED terapia.
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Alteracbes no SNE decorrentes das Dlls sdo heterogéneas, com mudancas
estruturais em neurdnios e glias.’** Em humanos, a colite pode levar a hipertrofia
do corpo celular e hiperplasia de neurdnios entéricos.*® Além disso, relata-se dano
axonal e do corpo celular de neurdnios, além de hiperplasia de glias entéricas e
ganglioneurite.*® Na colite experimental, os resultados disponiveis na literatura séo
bastante variados. Observa-se que o comportamento neuronal entérico na colite
experimental se difere de acordo com o modelo de inducdo adotado, podendo
ocorrer reducdo ou aumento de neurdnios de uma maneira geral, bem como de
subpopulac¢des. Além disso, os resultados variam de acordo com a espécie animal

estudada, da regido intestinal avaliada e do tempo pés inducéo considerado.**8

Estudos demonstram que processos inflamatérios induzem neurdénios
entéricos a alterar seu fenétipo estrutural, funcional ou quimico no intuito de manter
a homeostasia das funcdes intestinais.*> O aumento de citocinas inflamatérias esta
diretamente relacionado com a alteracdo da expresséo de VIP e substancia P.04849
Dentre os mediadores inflamatérios que influenciam o funcionamento de neurénios
entéricos, destaca-se a citocina pré-inflamatéria IL-1B.>* Esta citocina esta

aumentada em quadros de colite experimental.**

As alteracdes neuronais entéricas
decorrentes do quadro de colite culminam em alteragcfes funcionais como falhas no
controle neuronal da secrecdo epitelial, alteracdo na transmissdo sinaptica,
variabilidade na expressdo de fatores derivados de neurdnios e glias, como NOS,
VIP e S100, alteracéo contratil do masculo liso, alteracao das células secretoras da
mucosa, células enddcrinas, inflamatérias e imunes, bem como na microvasculatura
da mucosa.***? Portanto, o processo inflamatério observado neste estudo no célon
de camundongos € provavelmente o principal fator responsavel pelas alteracées que

foram observadas em neurdnios do plexo mientérico.

Nés observamos que a colite experimental ndo provocou perda de neurénios
mientéricos. Embora 0s nossos resultados mostrem que a administracdo do acido
acético tenha provocado um intenso processo inflamatério na parede do célon,
sugere-se que o0 tempo pos-indugdo adotado neste estudo (18 horas) nédo foi
suficiente para provocar perda de neurdnios e glias. Por outro lado, observou-se
aumento no numero e atrofia no corpo celular de neurénios produtores de NO, VIP e
SP. A atrofia neuronal observada nos animais com colite sem tratamento pode

indicar que o maquinario de metabolismo celular dessas células estava reduzido ou
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talvez menos ativo. Isso pode ser entendido como um mecanismo de compensacao
em funcdo do aumento no numero de neurdnios nitrérgicos, VIPérgicos e produtores
de SP. Além disso, observou-se que a colite provocou atrofia de variosidades
contendo VIP. Varicosidades menores podem representar uma menor producéo do
neurotransmissor ou uma produc&o intensa com liberacéo rapida.*®*’ Sugerimos que
no modelo de colite avaliado neste estudo tenha havido maior liberacdo de VIP, pois
o VIP é um neurotransmissor com efeito anti-inflamatério.** Além disso, nossos
dados mostraram aumento do numero de neurdnios produtores de VIP, o que pode

ser entendido como uma necessidade de maior producéo e secrec¢éo de VIP.

A LED terapia contribuiu para que o corpo celular de neurdénios produtores de
NO, VIP e SP se mantivesse dentro de seu tamanho natural. Além disso, o
tratamento foi eficaz para conter o desvio fenotipico das subpopulacdes neuronais
VIPérgicas e produtoras de SP observado em camundongos com colite sem
tratamento. NOs hipotetizamos que esse efeito positivo da LED terapia sobre os
neurndnios mientéricos avaliados neste estudo seja uma consequéncia do controle
do processo inflamatério neste modelo de inducdo de colite experimental. Esses
restulados indicam que a LED terapia deve ter contribuido para a manutencdo do
funcionamento desses neuronios e, portanto, do controle nervoso das atividades do
c6lon desses animais. Neurdnios nitrérgicos e VIPérgicos sao funcionalmente do tipo
motores inibitérios para a musculatura lisa. Portanto, esses neurotransmissores
influenciam fortemente o padrdo de movimentos colonicos. Além disso, regulam o
movimento do fluido luminal pela barreira epitelial, alteram o fluxo sanguineo e
interagem com os sistemas imune e endécrino.***®> Ja os neurénios produtores de
substancia P sdo células excitatorias que ativam outros neurbnios e enzimas
sinterizadoras de acetilcolina, levando a um aumento da contracdo muscular.*
Neurdnios produtores de substancia P sdo conhecidos ainda pelo seu papel pro-
inflamatério e neurénios VIPérgicos como anti-inflamatérios,* sendo as duas
subpopulacdes mais afetadas na colite.*®* Na colite experimental, sabe-se que
aumento no namero de neurdnios produtores de substancia P € maior em éareas
inflamadas do que em areas nado inflamadas, ja os VIPérgicos mostram-se
aumentados em igual proporcdo em &reas inflamadas ou n&o.*® Pacientes com colite
apresentam neurénios mientéricos produtores de substancia P em maior propor¢ao,

em comparacdo com as outras subpopulacdes neuronais entéricas.’® Neurdnios
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produtores de substéncia P sao caracterizados marcadores da patologia de

colite. 484

Tanto a colite como a LED terapia ndo alteraram a densidade populacional de
CGE. Essas células envolvem os corpos celulares e axdnios de neurbnios e vasos
sanguineos, e tem prolongamentos que podem chegar até a mucosa. Fazem a
regulacdo da homeostasia e resposta inflamatéria, sendo o tipo celular mais
abundando no SNE.** Funcionalmente fazem o suporte mecanico dos neurénios
com liberacdo de fatores responsaveis pelo desenvolvimento, sobrevivéncia e

diferenciacdo neuronal.™>**

Regulam a funcdo da barreira epitelial como
permeabilidade,> lancamento de s-nitroglutationa (GSNO) e regulam a expressao
de zonulina 1 e ocludina.*® Sdo ativadas por estimulos inflamatérios com a
apresentacdo de antigenos e promocdo do lancamento de citocinas pro-
inflamatérias, j4 que podem produzir IL-18, IL-6 e TNF-a* e expressam seus

49

receptores,”™ também expressa MHC de classe Il, participando ativamente da

resposta imune.*>%°

6. CONCLUSAO

Conclui-se que a LED terapia a 940 nm apresentou efeito anti-inflamatério
para a colite experimental induzida por &cido acético em camundongos, preservando
a morfologia do colon desses animais. Houve protecdo da arquitetura intestinal,
incluindo reducdo da deplecéo de células caliciformes. Além disso, o tramento com
luz preservou o plexo mientérico evitando o desvio fenotipico e atrofia do corpo
celular de neurdnios nitrérgicos, VIPérgicos e produtores de substancia P. Células

da glia entérica ndo sofreram alteracdo pela colite e pela LED terapia.
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Tabela 1. Anticorpos utilizados para imunofluorescéncia. nNOS (6xido nitrico

sintetase neuronal); VIP (peptideo vasoativo dilatador); SP (substancia P), -
tubulina Ill; S100; Alexa Fluor 568 e FITC IgY.

Antigeno tecidual Espécie produtora Caodigo Diluicdo Fabricante
NNOS Coelho SC8309 1:1000 Santa Cruz
VIP Coelho AB8556 1:200 ABCam
SP Coelho AB1566 1:1000 Millipore
B-tubulina Il Ave TUJ 1.750 AveslLab
S100 Coelho S2644 1:500 Sigma
Alexa Fluor 568 Burro A100042 1:500 Invitogen
FITC IgY Cabra A16055 1:500 Novex
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Figura 1. Analise de lesdo microscépica do tecido col6nico de camundongos com
colite experimental induzida por acido acético tratados com luz de comprimento de
onda de 940nm. Fotomicrografia colbnica de camundongos: (A) Controle; (B)
Controle_LED: saudaveis tratados com LED terapia; (C) Colite: indug&o por acido
aceético 7,5% (v/v), pH2,5 sem tratamento; (D) Colite_LED: colite induzida por &cido
acético 7,5% (v/v), pH2,5 tratados com LED terapia; (E) Colite_ PRED: colite induzida
por acido acético 7,5% (v/v), pH2,5 tratados com Prednisolona (5mg/kg/5dias, v.0.);
(F) Escore de lesdo microscoOpica por grupo experimental apresentando o escore
individual de cada animal. *p < 0,05 em relacdo ao grupo Controle. “p < 0,05 em
relacdo ao grupo Colite. ANOVA one-way seguido de pos-teste de Tukey. Pred:

Prednisolona (droga controle do modelo experimental).
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Figura 2. Contagem de células caliciformes coldnicas a partir de histoquimica por
acido periodico de Schiff (A); Acian Blue pH 2,5 (B); e Acian Blue pH 0,5 (C) do

tecido colénico de camundongos com colite experimental induzida por acido acético

tratados com luz de comprimento de onda de 940nm. *p < 0,05 em relagdo ao grupo

Controle. *p < 0,05 em relagdo ao grupo Colite. ANOVA one-way seguido de pds-

teste de Tukey. Pred: Prednisolona (droga controle do modelo experimental).
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Figura 3. Fotomicrografia de imunofluorescéncia mostrando populacdo mientérica
geral de neurdnios (beta tubulna Ill) nos grupos experimentais (ponta da seta). Barra
50 um. Controle (S); Controle_LED (SL); Colite (C); Colite_LED (CL); Colite _PRED

(CP). Avaliacdo morfométrica e quantitativa do plexo mioentérico de camundongos
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com colite experimental submetidos a LED terapia ou tratados com predinisolona. *p
< 0,05 em relac&o ao grupo Controle. “p < 0,05 em relacdo ao grupo Colite. fp < 0,05
em relacdo ao grupo Colite_ LED. ANOVA one-way seguido de pos-teste de Tukey.

Pred: Prednisolona (droga controle do modelo experimental).
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Figura 4. Fotomicrografia de imunofluorescéncia mostrando populagdo mientérica
nitrérgica de neurdnios (neurénio motor inibitdério) nos grupos experimentais (ponta
da seta). Barra 100 ym. Controle (S); Controle_LED (SL); Colite (C); Colite_LED
(CL); Colite _PRED (CP). Avaliacdo morfométrica e quantitativa do plexo mioentérico

de camundongos com colite experimental submetidos a LED terapia ou tratados com



69

predinisolona. *p < 0,05 em relacdo ao grupo Controle. *p < 0,05 em relacéo ao
grupo Colite. fp < 0,05 em relacéo ao grupo Colite_ LED. ANOVA one-way seguido

de pos-teste de Tukey. Pred: Prednisolona (droga controle do modelo experimental).
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Figura 5. Fotomicrografia de imunofluorescéncia mostrando populacdo mientérica
VIPérgica de neurdnios (neurénio motor inibitdrio) nos grupos experimentais (ponta
da seta). Barra 100 ym. Controle (S); Controle_LED (SL); Colite (C); Colite_LED

(CL); Colite _PRED (CP). Avaliacdo morfométrica e quantitativa do plexo mioentérico
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de camundongos com colite experimental submetidos a LED terapia ou tratados com
predinisolona. *p < 0,05 em relacdo ao grupo Controle. *p < 0,05 em relacéo ao
grupo Colite. fp < 0,05 em relagéo ao grupo Colite LED. ANOVA one-way seguido

de poOs-teste de Tukey. Pred: Prednisolona (droga controle do modelo experimental).
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Figura 6. Fotomicrografia de imunofluorescéncia mostrando populacdo mientérica de

neurbnios produtores de substancia P (neurbnio motor excitatorio) nos grupos

experimentais (ponta da seta). Barra 100 ym. Controle (S); Controle LED (SL);
Colite (C); Colite_ LED (CL);

Colite _PRED (CP). Avaliacdo morfométrica e
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quantitativa do plexo mioentérico de camundongos com colite experimental
submetidos a LED terapia ou tratados com predinisolona. *p < 0,05 em relagdo ao
grupo Controle. *p < 0,05 em relacéo ao grupo Colite. fp < 0,05 em relagéo ao grupo
Colite_LED. ANOVA one-way seguido de pos-teste de Tukey. Pred: Prednisolona
(droga controle do modelo experimental).
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Figura 7. Fotomicrografia de imunofluorescéncia mostrando varicosidades
mientéricos VIPérgicos (neurotransmissor inibitério) nos grupos experimentais (ponta
da seta). Barra 20 ym. Controle (S); Controle _LED (SL); Colite (C); Colite_LED (CL);
Colite _PRED (CP). Analise morfométrica da area de varicosidades mientéricas
VIPérgicas do colon de camundongos com colite experimental induzida por acido
acetico com tratamento de LED a 940 nm. *p < 0,05 em relagdo ao grupo Controle.
*p < 0,05 em relacdo ao grupo Colite. ANOVA one-way seguido de pds-teste de

Tukey. Pred: Prednisolona (droga controle do modelo experimental).
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Figura 8. Fotomicrografia de imunofluorescéncia mostrando células da glia entérica
(S100) nos grupos experimentais (ponta da seta). Barra 50 ym. Controle (S);
Controle LED (SL); Colite (C); Colite_ LED (CL); Colite _PRED (CP). Analise de

células da glia entérica (S100%) do col6n de camundongos com colite experimental
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induzida por &cido acético com tratamento de LED a 940 nm. (A) Numero de células
da glia entérica/cm?; (B) Numero de células da glia entérica projetado para a area
total do célon. fp < 0,05 em relagéo ao grupo Colite_ LED. ANOVA one-way seguido

de poOs-teste de Tukey. Pred: Prednisolona (droga controle do modelo experimental).
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CONCLUSAO

Baseada na hipotese de que o tratamento com LED a 940 nm seria
eficaz como anti-inflamatoério na colite experimental induzida por &cido acético e que
esse efeito anti-inflamatorio protegeria o tecido colénico das lesdes causadas pelo
modelo experimental que motivou o desenvolvimento desse trabalho, podemos
concluir que a nossas hipoteses levantadas sdo verdadeiras.

O tratamento com LED a 940 nm foi efetivo como anti-inflamatorio
na colite experimental induzida por acido acético demonstrando por parametros
macroscopicos, microscopicos e moleculares de que o tratamento proposto protege
o tecido colbnico das lesdes decorrentes da instilacdo de acido acético, uma vez que
atuou sobre as varia¢gOes dimensionais coldnicas, conteve o edema local, reduziu o
escore médio de lesdo macroscépica, retomando o tempo de transito intestinal
normal. Além disso, a LED terapia foi efetiva na contencdo da degranulacdo de
neutroéfilos, uma vez que houve uma menor concentracdo de mieloperoxidase, nos
tecidos de camundongos com colite e tratados com LED, reduzindo
consequentemente o infitrado de células inflamatorias em todas as camadas
intestinais. A nivel molecular a LED terapia foi capaz de reduzir os niveis das
citocinas anti-inflamatadrias, contendo a progressao do quadro.

Uma vez que o tratamento com LED a 940nm se mostrou efetivo
como anti-inflamatério, ele também apresentou eficacia na protecdo do tecido
colbnico, e das estruturas que o formam, pois foi capaz de reduzir o escore médio de
lesdo microscopica, atuando sobretudo nas células caliciformes, garantindo que o
namero normal dessas células estivesse presente no colo de camundongos com
colite e submetidos a esse tratamento. Alem do que a LED terapia também
conseguiu atuar sobre componentes do sistema nervoso entérico, contendo o desvio
fenotipico dos neurdnios mientéricos produtores de éxido nitrico, peptideo intestinal
vasoativo e substancia P, garantindo que o numero normal de neurdnios estivesse
produzindo esses neurotransmissores.

Sendo assim, é possivel afirmar que o tratamento com LED a 940
nm, largura de banda de 45 nm, intensidade de 4 J/cm2 e poténcia 6ptica de 9,5mW,
aplicado sobre o colo de camungondos submetidos ao modelo experimental de colite

induzida por acido acético, € um potencial tratamento anti-inflamatério capaz de
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conter e controlar as alteracbes macroscopicas, microscopicas, celulares e
moleculares geradas no tecido colénico decorrentes do modelo. Por isso é pertinente
pensar no desenvolvimento de um trabalho translacional, que avalie a efetividade

desse tratamento em pacientes em crise aguda de colite.
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ANEXO A

Aprovacdo da Comissdo de Etica no Uso de Animais da Universidade
Estadual de Londrina (CEUA/UEL) protocolo 113/2014, processo n°14276.2014.60.

Universidade
Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N°113/2014 Londrina, 06 de Agosto de 2014.

Prezado Pesquisador,

A CEUAJUEL reunida em 15 de julho de 2014 avaliou o projeto de pesquisa intitulado
“Potencial terapéutico do emprego de diodos emissores de luz sobre modelo de retocolite
ulcerativa induzida em camundongos.”, registrado sob o processo CEUA n°14276.2014.60,
pesquisa do Centro de Ciéncias Bioldgicas, de sua responsabilidade. Esclarecidos os aspectos
metodolégicos solicitados o projeto esta aprovado, entendendo-se que os principios éticos
postulados pelo Conselho Nacional de Controle de Experimentag@o Animal estéo respeitados. ;

Serdo utilizados 440 camundongos Swiss machos com idade de 60 dias, com peso
aproximado 20-25 g, provenientes do Biotério do Centro de Ciéncias Biolégicas — UEL. O projeto tem
como objetivo avaliar o potencial terapéutico da LEDterapia (luz com feixes com comprimento de ,
onda predominantemente de 940m,) por meio da andlise de alteragbes moleculares e teciduais da
parede intestinal de camundongos com retocolite ulcerativa (RCU) induzida por &cido acético. Os
animais serdo anestesiados com cetamina (80mg/kg, i.m.) e xilazina (10mg/kg, i.m), e a indugéo da
RCU sera realizada através da administragéo intra retal de 200yl de solugdo de &cido acético
7,5%(viv) utilizando uma cénula de polietileno. Os animais controle receberdo 200ul de salina. Os
animais serdo tratados com aparelho de LED com comprimento de onda predominante de 940nm ou
desligado (controle). Outro grupo experimental sera tratado com 5mg/kg de prednisolona por cinco
dias antes da indugdo da RCU. Os animais serdo submetidos & eutanésia 4h ou 18h apds a indugdo
da RCU e serdo retiradas amostras do coélon. A parede intestinal serd analisada quanto as lesées
microscopicas, morfometria, quantificagdo de células califormes e infiltrado neutrofilico. A partir do
plexo mioentérico, serdo avaliados o corpo celular dos neurdnios mioentéricos (andlise quantitativa e
morfométrica), os neuritos de neurdnios mioentéricos (anélise moffométrica e de intensidade de
brilho) e a ganglionite. Seré realizada ainda anélise das células enteroendécrinas serotoninérgicas, do
transito intestinal, de lesGes macroscopicas, edema, dosagem de proteinas e citocinas, estresse
oxidativo e atividade da mieloperoxidase. Os protocolos experimentais estdo aprovados para
execugéo em 36 meses. )

Cumpre orientar que caso pretendam-se quaisquer alteragbes no projeto de pesquisa,
deve-se submeter o novo protocolo & apreciagdo da CEUA/UEL anteriormente & execugdo das
modificagdes.

Coloco-me a disposigdo para quaiggner esclarecimentos que se fizerem necessarios. Sem

Vice-Coor.denador da CEUAJ/UEL ’

limo. Sr.

Prof. Dr. Eduardo Jose de Almeida Aratjo

Coordenador do Projeto

Departamento de Histologia

Centro de Ciéncias Biologicas i

Com cépia para Sra Egle Maria de Sousa (Chefe da DCA/PROPPG), Diretor(a) do Centro de Ciéncias
Biolbgicas e Prof. Luiz Carlos Juliana (Diretor do Biotério Central da UEL).

Campus Universitério: Rodovia Colse Grrela Cid ('R 445), ke 380 - Fome (043) 33714000 PABX - Fax 3328-4440 - Caixn Postal 6.001 - CEP 56081990 - laternet Wip:/iwww,vel.br
Mospital Universithrio/Centro do Ciéneins da Saide: Ar. Rebert Koch, 60 - Vila Operdvia - Fone (043) 381-2000 PABX — WFax 337-4041 ¢ 3377495 - Calxa Postal 791 - CEP 86038440
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ANEXO B

Normas da revista Laser in Medical Science

Instructions for Authors
TYPES OF PAPERS

e Original Article — limited to 4000 words, 45 references, no more than 5 figures
e Review Atrticle — limited to 5000 words, 50 references, no more than 5 figures

e Brief Report - limited to 2000 words, 25 references, no more than 4 figures -

Case Reports will not be accepted!

e Letter to the Editor — up to 600 words

MANUSCRIPT SUBMISSION

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.

TITLE PAGE
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Title Page

The title page should include:

The name(s) of the author(s)
A concise and informative title
The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any

undefined abbreviations or unspecified references.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

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.

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)


http://static.springer.com/sgw/documents/468198/application/zip/LaTeX.zip
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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.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate

section on the title page. The names of funding organizations should be written in full.
SCIENTIFIC STYLE

Generic names of drugs and pesticides are preferred; if trade names are used, the
generic name should be given at first mention.
Units and abbreviations
e Please adhere to internationally agreed standards such as those adopted by
the commission of the International Union of Pure and Applied Physics
(IUPAP) or defined by the International Organization of Standardization (ISO).
Metric Sl units should be used throughout except where non-SlI units are more
common [e.qg. litre (I) for volume].
e Abbreviations (not standardized) should be defined at first mention in the
abstract and again in the main body of the text and used consistently

thereafter.
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Drugs
e When drugs are mentioned, the international (generic) name should be used.
The proprietary name, chemical composition, and manufacturer should be

stated in full in Materials and methods.

REFERENCES

Citation

Reference citations in the text should be identified by numbers in square brackets.
Some examples:

1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 7].

Reference list

The list of references should only include works that are cited in the text and that
have been published or accepted for publication. Personal communications and
unpublished works should only be mentioned in the text. Do not use footnotes or
endnotes as a substitute for a reference list.
The entries in the list should be numbered consecutively.
e Journal article
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S,
Bosquet L (2009) Effect of high intensity intermittent training on heart rate
variability in prepubescent children. Eur J Appl Physiol 105:731-738. doi:
10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al”

in long author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N
Engl J Med 965:325-329

e Atrticle by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. J Mol Med. doi:10.1007/s001090000086

e Book
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South J, Blass B (2001) The future of modern genomics. Blackwell, London
e Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of
modern genomics, 3rd edn. Wiley, New York, pp 230-257

e Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing
PhysicsWeb. http://physicsweb.org/articles/news/11/6/16/1. Accessed 26
June 2007

e Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of

California

Always use the standard abbreviation of a journal’s name according to the ISSN List

of Title Word Abbreviations, see
e [ISSN.org LTWA

If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that supports the

formatting of in-text citations and reference list.
e EndNote style (zip, 2 kB)

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which

is included in Springer's LaTeX macro package.
TABLES
e All tables are to be numbered using Arabic numerals.
e Tables should always be cited in text in consecutive numerical order.

e For each table, please supply a table caption (title) explaining the components
of the table.

e Identify any previously published material by giving the original source in the
form of a reference at the end of the table caption.

e Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included
beneath the table body.


http://images.webofknowledge.com/WOK46/help/WOS/A_abrvjt.html
http://static.springer.com/sgw/documents/943237/application/zip/SpringerBasicNumber.zip
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ARTWORK AND ILLUSTRATIONS GUIDELINES

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, e.g., Figl.eps.

Line Art
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Definition: Black and white graphic with no shading.

Do not use 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.
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Halftone Art

¢ Definition: Photographs, drawings, or paintings with fine shading, etc.
e If any magnification is used in the photographs, indicate this by using scale
bars within the figures themselves.

e Halftones should have a minimum resolution of 300 dpi.

Combination Art
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" mGhsa [ LI RL00 ) —— )

" mGued | IR —
° mGiugc | ) 501

¢ Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
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e Combination artwork should have a minimum resolution of 600 dpi.
Color Art
e Color art is free of charge for online publication.

e 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.

e |If the figures will be printed in black and white, do not refer to color in the
captions.

e Color illustrations should be submitted as RGB (8 bits per channel).
Figure Lettering
e To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

o Keep lettering consistently sized throughout your final-sized artwork, usually
about 2—-3 mm (8-12 pt).

e 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.
e Do not include titles or captions within your illustrations.
Figure
Numbering
e All figures are to be numbered using Arabic numerals.
e Figures should always be cited in text in consecutive numerical order.

e Figure parts should be denoted by lowercase letters (a, b, c, etc.).
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e 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,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary

Material) should, however, be numbered separately.
Figure Captions

e 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.

e 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.

e Identify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.

¢ Identify previously published material by giving the original source in the form

of a reference citation at the end of the figure caption.
Figure Placement and Size
e Figures should be submitted separately from the text, if possible.
¢ When preparing your figures, size figures to fit in the column width.

e For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm

wide and not higher than 234 mm.

e For books and book-sized journals, the figures should be 80 mm or 122 mm
wide and not higher than 198 mm.

Permissions
If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please

be aware that some publishers do not grant electronic rights for free and that
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Springer will not be able to refund any costs that may have occurred to receive these

permissions. In such cases, material from other sources should be used.

Accessibility
In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that
e All figures have descriptive captions (blind users could then use a text-to-
speech software or a text-to-Braille hardware)
e Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)
e Any figure lettering has a contrast ratio of at least 4.5:1
ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and
other supplementary files to be published online along with an article or a book
chapter. This feature can add dimension to the author's article, as certain information

cannot be printed or is more convenient in electronic form.
Submission
e Supply all supplementary material in standard file formats.

e Please include in each file the following information: article title, journal name,

author names; affiliation and e-mail address of the corresponding author.

e To accommodate user downloads, please keep in mind that larger-sized files
may require very long download times and that some users may experience

other problems during downloading.
Audio, Video, and Animations
e Aspect ratio: 16:9 or 4:3
e Maximum file size: 25 GB
e Minimum video duration: 1 sec

e Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf,

mts, m4v, 3gp
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Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-
term viability.

e A collection of figures may also be combined in a PDF file.
Spreadsheets

e Spreadsheets should be converted to PDF if no interaction with the data is

intended.

e If the readers should be encouraged to make their own calculations,
spreadsheets should be submitted as .xls files (MS Excel).

Specialized Formats

e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica

notebook), and .tex can also be supplied.
Collecting Multiple Files
e Itis possible to collect multiple files in a .zip or .gz file.
Numbering

e If supplying any supplementary material, the text must make specific mention
of the material as a citation, similar to that of figures and tables.

e Refer to the supplementary files as “Online Resource”, e.g., "... as shown in
the animation (Online Resource 3)", “... additional data are given in Online
Resource 4”.

¢ Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”".
Captions

e For each supplementary material, please supply a concise caption describing
the content of the file.

Processing of supplementary files
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e Electronic supplementary material will be published as received from the

author without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that
e The manuscript contains a descriptive caption for each supplementary
material
¢ Video files do not contain anything that flashes more than three times per
second (so that users prone to seizures caused by such effects are not put at
risk)
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
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-mentioned requirements

Conflict of interest

All benefits in any form from a commercial party related directly or indirectly to the
subject of this manuscript or any of the authors must be acknowledged. For each
source of funds, both the research funder and the grant number should be given.
This note should be added in a separate section before the reference list.

If no conflict exists, authors should state: The authors declare that they have no

conflict of interest.
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ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a
member of the Committee on Publication Ethics (COPE) the journal will follow the
COPE guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage
the trust in the journal, the professionalism of scientific authorship, and ultimately the
entire scientific endeavour. Maintaining integrity of the research and its presentation

can be achieved by following the rules of good scientific practice, which include:

e The manuscript has not been submitted to more than one journal for

simultaneous consideration.

e The manuscript has not been published previously (partly or in full),
unless the new work concerns an expansion of previous work (please
provide transparency on the re-use of material to avoid the hint of text-
recycling (“self-plagiarism”)).

e A single study is not split up into several parts to increase the quantity
of submissions and submitted to various journals or to one journal over
time (e.g. “salami-publishing”).

e No data have been fabricated or manipulated (including images) to

support your conclusions

¢ No data, text, or theories by others are presented as if they were the
author’'s own (“plagiarism”). Proper acknowledgements to other works
must be given (this includes material that is closely copied (near
verbatim), summarized and/or paraphrased), quotation marks are used
for verbatim copying of material, and permissions are secured for

material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

e Consent to submit has been received explicitly from all co-authors,
as well as from the responsible authorities - tacitly or explicitly - at
the institute/organization where the work has been carried
out, before the work is submitted.
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e Authors whose names appear on the submission have contributed
sufficiently to the scientific work and therefore share collective

responsibility and accountability for the results.

In addition:

Changes of authorship or in the order of authors are not
accepted after acceptance of a manuscript.

Requesting to add or delete authors at revision stage, proof stage, or after
publication is a serious matter and may be considered when justifiably
warranted. Justification for changes in authorship must be compelling and may
be considered only after receipt of written approval from all authors and a
convincing, detailed explanation about the role/deletion of the new/deleted
author. In case of changes at revision stage, a letter must accompany the
revised manuscript. In case of changes after acceptance or publication, the
request and documentation must be sent via the Publisher to the Editor-in-
Chief. In all cases, further documentation may be required to support your
request. The decision on accepting the change rests with the Editor-in-Chief of
the journal and may be turned down. Therefore authors are strongly advised to
ensure the correct author group, corresponding author, and order of authors at
submission.

Upon request authors should be prepared to send relevant documentation or
data in order to verify the validity of the results. This could be in the form of

raw data, samples, records, etc.

If there is a suspicion of misconduct, the journal will carry out an investigation

following the COPE guidelines. If, after investigation, the allegation seems to raise

valid concerns, the accused author will be contacted and given an opportunity to

address the issue. If misconduct has been established beyond reasonable doubt, this

may

result in the Editor-in-Chief's implementation of the following measures,

including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the
author.
If the article has already been published online, depending on the nature and

severity of the infraction, either an erratum will be placed with the article or in
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severe cases complete retraction of the article will occur. The reason must be
given in the published erratum or retraction note.

e The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted
principles of ethical and professional conduct have been followed, authors should
include information regarding sources of funding, potential conflicts of interest
(financial or non-financial), informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals.
Authors should include the following statements (if applicable) in a separate section
entitled “Compliance with Ethical Standards” when submitting a paper:

e Disclosure of potential conflicts of interest

e Research involving Human Participants and/or Animals

e Informed consent
Please note that standards could vary slightly per journal dependent on their peer
review policies (i.e. single or double blind peer review) as well as per journal subject
discipline. Before submitting your article check the instructions following this section
carefully.
The corresponding author should be prepared to collect documentation of
compliance with ethical standards and send if requested during peer review or after
publication.
The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or

failure to fulfill the above-mentioned guidelines.
DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential
influence or impart bias on the work. Although an author may not feel there is any
conflict, disclosure of relationships and interests provides a more complete and
transparent process, leading to an accurate and objective assessment of the work.
Awareness of a real or perceived conflicts of interest is a perspective to which the

readers are entitled. This is not meant to imply that a financial relationship with an
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organization that sponsored the research or compensation received for consultancy

work is inappropriate. Examples of potential conflicts of interests that are directly or

indirectly related to the research may include but are not limited to the following:

Research grants from funding agencies (please give the research
funder and the grant number)

Honoraria for speaking at symposia
Financial support for attending symposia
Financial support for educational programs
Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of

management relationships
Multiple affiliations

Financial relationships, for example equity ownership or investment

interest

Intellectual property rights (e.g. patents, copyrights and royalties from
such rights)

Holdings of spouse and/or children that may have financial interest in

the work

In addition, interests that go beyond financial interests and compensation (non-

financial interests) that may be important to readers should be disclosed. These may

include but are not limited to personal relationships or competing interests directly or

indirectly tied to this research, or professional interests or personal beliefs that may

influence your research.

The corresponding author collects the conflict of interest disclosure forms from all

authors. In author collaborations where formal agreements for representation allow it,

it is sufficient for the corresponding author to sign the disclosure form on behalf of all

authors. Examples of forms can be found

Here:


https://www.springer.com/?SGWID=0-102-2-1469445-preview&dynamic=true
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The corresponding author will include a summary statement in the text of the
manuscript in a separate section before the reference list, that reflects what is
recorded in the potential conflict of interest disclosure form(s).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author
B has received a speaker honorarium from Company X and owns stock in Company
Y. Author C is a member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS

1) Statement of human rights

When reporting studies that involve human participants, authors should include a
statement that the studies have been approved by the appropriate institutional and/or
national research ethics committee and have been performed in accordance with the
ethical standards as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964
Helsinki Declaration or comparable standards, the authors must explain the reasons
for their approach, and demonstrate that the independent ethics committee or
institutional review board explicitly approved the doubtful aspects of the study.

The following statements should be included in the text before the References
section:

Ethical approval: “All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.”

For retrospective studies, please add the following sentence:

“For this type of study formal consent is not required.”

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting

experiments on animals, authors should indicate whether the international, national,
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and/or institutional guidelines for the care and use of animals have been followed,
and that the studies have been approved by a research ethics committee at the
institution or practice at which the studies were conducted (where such a committee
exists).

For studies with animals, the following statement should be included in the text
before the References section:

Ethical approval: “All applicable international, national, and/or institutional guidelines
for the care and use of animals were followed.”

If applicable (where such a committee exists): “All procedures performed in studies
involving animals were in accordance with the ethical standards of the institution or
practice at which the studies were conducted.”

If articles do not contain studies with human participants or animals by any of the
authors, please select one of the following statements:

“This article does not contain any studies with human participants performed by any
of the authors.”

“This article does not contain any studies with animals performed by any of the
authors.”

“This article does not contain any studies with human participants or animals

performed by any of the authors.”
INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual
participants in studies have, for example, the right to decide what happens to the
(identifiable) personal data gathered, to what they have said during a study or an
interview, as well as to any photograph that was taken. Hence it is important that all
participants gave their informed consent in writing prior to inclusion in the study.
Identifying details (names, dates of birth, identity numbers and other information) of
the participants that were studied should not be published in written descriptions,
photographs, and genetic profiles unless the information is essential for scientific
purposes and the participant (or parent or guardian if the participant is incapable)
gave written informed consent for publication. Complete anonymity is difficult to
achieve in some cases, and informed consent should be obtained if there is any
doubt. For example, masking the eye region in photographs of participants is

inadequate protection of anonymity. If identifying characteristics are altered to protect
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anonymity, such as in genetic profiles, authors should provide assurance that
alterations do not distort scientific meaning.

The following statement should be included:

Informed consent: “Informed consent was obtained from all individual participants
included in the study.”

If identifying information about participants is available in the article, the following
statement should be included:

“Additional informed consent was obtained from all individual participants for whom

identifying information is included in this article.”
AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query
Application at Springer's web page where you can sign the Copyright Transfer
Statement online and indicate whether you wish to order OpenChoice and offprints.

Once the Author Query Application has been completed, your article will be

processed and you will receive the proofs.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer now provides an alternative publishing option: Springer Open
Choice. A Springer Open Choice article receives all the benefits of a regular
subscription-based article, but in addition is made available publicly through

Springer’s online platform SpringerLink.

e Springer Open Choice

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the
Publisher exclusive publication and dissemination rights). This will ensure the widest
possible protection and dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains
with the author. In opting for open access, the author(s) agree to publish the article

under the Creative Commons Attribution License..

Offprints


http://springer.com/openchoice
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Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in
content, e.g., new results, corrected values, title and authorship, are not allowed
without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum,

which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the
official first publication citable with the DOI. After release of the printed version, the

paper can also be cited by issue and page numbers.
DOES SPRINGER PROVIDE ENGLISH LANGUAGE SUPPORT?

Manuscripts that are accepted for publication will be checked by our copyeditors for
spelling and formal style. This may not be sufficient if English is not your native
language and substantial editing would be required. In that case, you may want to
have your manuscript edited by a native speaker prior to submission. A clear and
concise language will help editors and reviewers concentrate on the scientific content
of your paper and thus smooth the peer review process.

The following editing service provides language editing for scientific articles in all
areas Springer

publishes in:

e Edanz English editing for scientists

Use of an editing service is neither a requirement nor a guarantee of acceptance for
publication.
Please contact the editing service directly to make arrangements for editing and

payment.

For Authors from China


http://www.edanzediting.com/springer
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ANEXO C

Normas da revista Inflammatory Bowel Disease

Instructions for Authors

SCOPE

The focus of the journal Inflammatory Bowel Diseases® is to bring the most current
information in the clinical and basic sciences to all physicians caring for patients with
inflammatory bowel diseases, and to investigators performing research in
inflammatory bowel diseases and related fields. The journal publishes peer-reviewed
manuscripts and review articles in basic and clinical sciences, updates on clinical

trials, reviews of the current literature, editorials, and other features.

ETHICAL/LEGAL CONSIDERATIONS

A submitted manuscript must be an original contribution not previously published
(except as na abstract or preliminary report), must not be under consideration for
publication elsewhere, and, if accepted, must not be published elsewhere in similar
form, in any language, without the consent of the publisher. Each person listed as
an author is expected to have participated in the study to a significant extent.
Although the editors and referees make every effort to ensure the validity of
published manuscripts, the final responsibility rests with the authors, not with the
journal, its editors, or the publisher. All manuscripts must be submitted through the

journal's online submission system at http://mc.manuscriptcentral.com/ibd.

Patient Anonymity and Informed Consent - It is the author's responsibility to
ensure that a patient's anonymity be carefully protected and to verify that any
experimental investigation with human subjects reported in the manuscript was
performed with informed consent and following all the guidelines for experimental
investigation with human subjects required by the institution(s) with which all the
authors are affiliated. Authors should mask patients' eyes and remove patients'
names from figures unless they obtain written consent from the patients and

submit written consent with the manuscript.
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Human Studies - Human experimentation must conform to ethical standards, and
be approved by the appropriate Institutional Review Board (IRB). A statement
concerning IRB approval and consent procedures must appear at the beginning of
the Methods section. Any systematic data gathering effort in patients or volunteers
must be approved by an IRB or adhere to appropriate local/national regulations.
The Editors of Inflammatory Bowel Diseases are concerned about appropriate IRB
review and informed consent. Authors may be questioned about the details of
consent forms or the consent process. On occasion, the Editor-in-Chief may
request a copy of the approved IRB application from the author. Lack of appropriate
consent or documentation may be grounds for rejection. Local IRB approval does

not guarantee acceptability; the final decision will be made by the Editor-in-Chief.

Animal Studies - Experimental work on animals must conform to the guidelines
laid out in the Guide for the Care and Use of Laboratory Animals, which is
available from the National Academy of Science; a text-only version is available at
http://www.nap.edu/readingroom/books/labrats/. Adherence to all relevant
regulations and/or approval of the appropriate institutional Animal Care Committee
or governmental licensure of the investigator and/or laboratory must be obtained. A
statement concerning such approval must be included at the beginning of the
Methods section. The Editors of Inflammatory Bowel Diseases are concerned
about appropriate animal care. On occasion, the Editor-in-Chief may request a
copy of the approved Animal Care Committee application from the author. Local
committee approval does not guarantee acceptability; the final decision will be
made by the Editor-in-Chief.

Registration of Clinical Trials - All clinical trials that involve investigational drugs
supported by a pharmaceutical firm or investigational devices supported by a
device manufacturer must be registered at the time that a manuscript is submitted
to Inflammatory Bowel Diseases for publication. The registry and registration
number must be stated in the first paragraph of the Methods section of the

manuscript.

Compliance with NIH and Other Research Funding Agency Accessibility

Requirements - A number of research funding agencies now require or request
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authors to submit the post-print (the article after peer review and acceptance but
not the final published article) to a repository that is accessible online by all without
charge. As a service to our authors, LWW will identify to the National Library of
Medicine (NLM) articles that require deposit and will transmit the post-print of an
article based on research funded in whole or in part by the National Institutes of
Health, Wellcome Trust, Howard Hughes Medical Institute, or other funding
agencies to PubMed Central. The revised Copyright Transfer Agreement &

Disclosure form provides the mechanism.

Copyright- A copy of the Journal's "Authorship Responsibility, Disclosure, and
Copyright Transfer" form must be signed by all authors and submitted via the
journal’s online submission system. The form can be found on the submission

website in the Instructions for Authors section.

Conflicts of Interest- Authors must state all possible conflicts of interest in the
manuscript, including financial, consultant, institutional and other relationships that
might lead to bias or a conflict of interest. If there is no conflict of interest, this
should also be explicitly stated as none declared. All sources of funding should be
acknowledged in the manuscript. All relevant conflicts of interest and sources of
funding should be included on the title page of the manuscript with the heading

“Conflicts of Interest and Source of Funding”.

For example: Conflicts of Interest and Source of Funding: A has received
honoraria from Company Z. B is currently receiving a grant (#12345) from
Organization Y, and is on the speaker’s bureau for Organization X — the CME

organizers for Company A. For the remaining authors none were declared.

In addition, each author must complete and submit the journal’s copyright transfer
agreement, which includes a section on the disclosure of potential conflicts of
interest based on the recommendations of the International Committee of Medical
Journal Editors, “Uniform Requirements for Manuscripts Submitted to Biomedical
Journals” (www.icmje.org/update.html). The form is readily available on the
manuscript submission page (http://mc.manuscriptcentral.com/ibd) and can be

completed and submitted electronically. Please note that authors may sign the
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copyright transfer agreement form electronically. For additional information about
electronically signing this form, go to http://links.lww.com/ZUAT/A106.

Permissions - Authors must submit written permission from the copyright owner
(usually the publisher) to use direct quotations, tables, or illustrations that have
appeared in copyrighted form elsewhere, along with complete details about the
source. Any permissions fees that might be required by the copyright owner are the
responsibility of the authors requesting use of the borrowed material, and not the
responsibility of the publisher.

PREPARATION OF MANUSCRIPT

Manuscripts that do not adhere to the following instructions will be returned to the
corresponding author for technical revision before undergoing peer review. See
specific guidelines for Letters to the Editor below. For questions on preparing
manuscripts  for  submission, please contact Meghann Knowles at
meghann@ijjeditorial.com.

Title Page Include on the title page (a) complete manuscript title; (b) authors' full
names, highest academic degrees, and affiliations; (c) name and address for
correspondence, including fax number, telephone number, and e-mail address;

and (d) sources of support that require acknowledgment.

The title page must also include disclosure of funding received for this work from
any of the following organizations: National Institutes of Health (NIH); Wellcome
Trust; Howard Hughes Medical Institute (HHMI); and other(s).

Structured Abstract and Key Words Limit the abstract to 250 words. It must be
factual and comprehensive. Do not cite references in the abstract. Limit the use of
abbreviations and acronyms, and avoid general statements (e.g., “the significance
of the results is discussed"). It should be sectioned into Background, Methods,

Results, and Conclusions. List three to five key words.
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Text For full-length research articles, organize the manuscript in the following
sequence: Abstract and Key Words, Introduction, Materials and Methods, Ethical
Considerations, Results, Discussion, Acknowledgment, References, Tables, and
Figure Legends. Original Research Articles: Authors are encouraged to submit
articles in basic or clinical science. Review Articles of exceptional merit will also
be accepted. Contributors should communicate with the Editors before submitting
a review. Abbreviations must be defined at first mention in text and in each table
and figure. If a brand name is cited, manufacturer and address (city and
state/country) should be supplied. Acknowledge all forms of support, including
pharmaceutical industry support, in an Acknowledgment paragraph.

Abbreviations For a list of standard abbreviations, consult the Council of Biology
Editors Style Guide (available from the Council of Science Editors, 9650 Rockville
Pike, Bethesda, MD 20814) or other standard sources. Write out the full term for

each abbreviation at its first use unless it is a standard unit of measure.

References The authors are responsible for the accuracy of the references. Key
the references (double-spaced) at the end of the manuscript. Cite the references in
text in the order of appearance, including those references cited in tables and
figure legends at the chronological citation of the tables and figures in text. Cite
unpublished data, such as papers submitted but not yet accepted for publication,
personal communications, in parentheses in the text. If there are more than three
authors, only name the first three authors and then use et al. For abbreviations of
journal names, refer to List of Journals Indexed in Index Medicus. This can be
accessed at http://www.nlm.nih.gov/tsd/serials/lji.html.

Sample references are given below:

Journal Article

1. Gudlaugsdottir S, van Dekken H, Stijnen T, et al. Prolonged use of proton pump
inhibitors, CagA

status, and the outcome of Helicobacter pylori gastritis. J Clin Gastroenterol.
2002;34:536-540.
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Book Chapter

2. Tobin RW, Kimmey MB. Painful diseases of the gastrointestinal tract. In: Loeser
JD, ed. Bonica's

Management of Pain. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins;
2001:1269-1292.

Entire Book

3. Rohen JW, Yokochi C, Lutjen-Drecoll E. Color Atlas of Anatomy: A Photographic
Study of the Human

Body. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2002.

Software
4. Epi Info [computer program]. Version 6. Atlanta: Centers for Disease Control and
Prevention; 1994.

Online Journals

5. Friedman SA. Preeclampsia: a review of the role of prostaglandins.
ObstetGynecol [serial online].

January 1988;71:22-37. Available from: BRS Information Technologies, McLean,
VA. Accessed

December 15, 1990.

Database

6. CANCERNET-PDQ [database online]. Bethesda, MD: National Cancer Institute;
2014. Updated

March 29, 2014.

World Wide Web
7. Gostin LO. Drug use and HIV/AIDS [JAMA HIV/AIDS Web site]. June 1, 2015.
Available at:

http://www.ama-assn.org/special/hiv/ethics. Accessed July 26, 2015.
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Figures Art should be created/scanned and saved and submitted as either a TIFF
(tagged image file format), or an EPS (encapsulated postscript) file. Line art must
have a resolution of at least 1200 dpi (dots per inch), and electronic photographs,
radiographs, CT scans, and other scanned images must have a resolution of at
least 300 dpi. If fonts are used in the artwork, they must be converted to paths or
outlines or they must be embedded in the files. Color images must be
created/scanned and saved and submitted as CMYK files. Please note that
artwork generated from office suite programs such as Corel Draw and MS Word
and artwork downloaded from the Internet (JPEG or GIF files) cannot be used.
Cite figures consecutively in the manuscript, and number them in the order in

which they are discussed.

Figure Legends Legends must be submitted for all figures. They should be brief
and specific, and they should appear after the tables. Use scale markers in the

image for electron micrographs, and indicate the type of stain used.

Color Figures At no cost to the author, the journal accepts for publication color
figures that will enhance the article. Figures are also published online in color

at no cost.

Steps for Submitting Artwork
1. Please reference “5 Steps to Creating Digital Artwork (pdf)” available at

http://edmgr.ovid.com/lww-final/accounts/5StepsforArt.pdf, specifically

steps 2 and 3, when creating figures for submission.
2. Create, Scan and Save according to the “5 Steps to Creating Digital Artwork
(pdf)”.
3. Compare your final figure to the Target Digital-Imaging Results listed below.
4. Upload each figure to the journal’s online submission system in conjunction

with your manuscript text and tables.

Digital Artwork Guideline Checklist
Here are the basics to have in place before submitting your digital art to

Inflammatory Bowel
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Diseases. Artwork saved as TIFF and EPS files. Do not save TIFFs as
compressed files. PowerPoint files are also acceptable.
o Artwork created as the actual size (or slightly larger) it will appear in the
journal. (To get an idea of the size images should be when they print, study
a copy of the journal to which you wish to submit. Measure the artwork
typically shown and scale your image to
match.)
o Crop out any white or black space surrounding the image.
o Text and fonts in any figure are one of the acceptable fonts: Helvetica, Times
Roman,

Symbol, Mathematical PI, and European PI.

(@)

Color images are created/scanned and saved and submitted as CMYK

only. Do not submit any figures in RGB mode because RGB is the

color mode used for screens/monitors and CMYK is the color mode

used for print.

0 Line art saved at a resolution of at least 1200 dpi.

0 Images saved at a resolution of at least 300 dpi.

o Each figure saved as a separate file and saved separately from the
accompanying text file.

o For multi-panel or composite figures only: Any figure with multiple parts should
be sent

as one file with each part labeled the way it is to appear in print.

Remember:

o Artwork generated from office suite programs such as CoreIDRAW, MS
Word, Excel, and artwork downloaded from the Internet (JPEG or GIF
files) cannot be used because the quality is poor when printed.

o Cite figures consecutively in your manuscript.

o Number figures in the figure legend in the order in which they are discussed.

o Upload figures consecutively to the journal’s online submission system and

number

figures consecutively in the Description box during upload.
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Tables Create tables using the table creating and editing feature of your word
processing software (e.g., Word). Do not use Excel or comparable spreadsheet
programs. Do not submit tables as image files or images placed in Word
documents, tables must be provided as editable text (Word files are preferred).
Submit all tables as separate files. Cite tables consecutively in the text, and number
them in that order. Key each on a separate sheet, and include the table title,
appropriate column heads, and explanatory legends (including definitions of any
abbreviations used). Do not imbed tables within the body of the manuscript. They
should be self-explanatory and should supplement, rather than duplicate, the
material in the text.

Supplemental Digital Content (SDC) Authors may submit supplementary
materials via the journal’s online submission system that enhance their article’s text
to be considered for online posting. SDC may include standard media such as text
documents, graphs, audio, video, etc. On the Attach Files page of the submission
process, please select Supplemental Audio, Video, or Data for your uploaded file as
the Submission Item. If an article with SDC is accepted, our production staff will
create a URL with the SDC file. The URL will be placed in the call-out within the
article. SDC files are not copy-edited by LWW staff, they will be presented digitally
as submitted. Please supply the SDC files as you would like them to appear in final
publication (include legends in the same file as the images; make text double
spaced or single spaced per your preference). For a list of all available file types

and detailed instructions, please visit http://links.lww.com/A142.

SDC Call-outs Supplemental Digital Content must be cited consecutively in the
text of the submitted manuscript. Citations should include the type of material
submitted (Audio, Figure, Table, etc.), be clearly labeled as “Supplemental
Digital Content,” include the sequential list number, and provide a description of
the supplemental content. All descriptive text should be included in the call-out

as it will not appear elsewhere in the article.

Example: We performed many tests on the degrees of flexibility in the elbow
(see Video, Supplemental Digital Content 1, which demonstrates elbow

flexibility) and found our results inconclusive.
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List of Supplemental Digital Content A listing of Supplemental Digital
Content must be submitted at the end of the manuscript file. Include the SDC
number and file type of the Supplemental Digital Content. This text will be

removed by our production staff and not be published.

Example:

Supplemental Digital Content 1.wmv

SDC Files Requirements All acceptable file types are permissible up to 10 MBs.
For audio or video files greater than 10 MBs, authors should first query the journal
office for approval. For a list of all available file types and detailed instructions,
please visit http://links.lww.com/A142.

Style Follow American Medical Association Manual of Style (10th edition).
Stedman's Medical Dictionary (27th edition) and Merriam Webster's Collegiate
Dictionary (10th edition) should be used as standard references. Refer to drugs and
therapeutic agents by their accepted generic or chemical names, and do not
abbreviate them. Use code numbers only when a generic name is not yet available.
In that case, supply the chemical name and a figure giving the chemical structure of
the drug. Capitalize the trade names of drugs and place them in parentheses after
the generic names. To comply with trademark law, include the name and location
(city and state in USA; city and country outside USA) of the manufacturer of any
drugs, supplies, or equipment mentioned in the manuscript. Use the metric system
to express units of measure and degrees Celsius to express temperatures, and use

Sl units rather than conventional units.

Basic and Clinical IBD Review Articles Guidelines Basic and clinical IBD Review
articles should present recent advances that have been made in cutting edge
research. The goal of the basic and clinical IBD review articles should be to present
a complete summary of important research areas that are now improving our

understanding of Crohn’s disease and ulcerative colitis.

Basic and clinical IBD Review articles should be no longer than 35 double spaced

pages (including references and figure legends). There should be no more than 6
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tables and figures (combined). Supplemental figures and tables will be allowed

online. If page limits need to be increased, the authors may request permission

from the Editors to increase the length of the Review article. The number

of

references should be limited to 100. The Review article should be focused on a

single specific topic.

Future Directions and Methods for IBD Research Guidelines Original research

articles and review articles on future directions and methods for IBD research

should discuss important basic and clinical areas in which investigators should

focus their efforts to provide a deeper understanding of IBD research areas
which rapid advances and novel concepts can be made.

In addition, the Future Directions and Methods for IBD original research articles
and review articles should include a discussion of areas in which improved
methodologic tools have been identified and exactly how those methods should
be performed. Basic science directions and methods should be presented that
will expand our knowledge of areas that will allow novel insights to be made
regarding the genetic, immunologic, microbial and environmental interactions
that are the basis of the pathogenesis of Crohn’s disease and ulcerative colitis.
Clinical directions and methods should be presented that will allow investigators

to make

in

advances using cohort studies, multicenter registries, risk stratifications, and

treatment outcomes. The goal of the Future Directions and Methods for clinical IBD

original research articles and review articles should be to better understand the

challenging biological variables in IBD
patients and to provide optimal evidence of novel therapeutics that will more

effectively treat, cure, and prevent Crohn’s disease and ulcerative colitis.

Original research articles, for the Future Directions and Methods for IBD
research section, should be written as described in the IBD Journal Instructions
for original research articles. Review articles, for the Future Directions and
Methods for IBD research section, should be no longer than 35 double spaced
pages (including references and figure legends). There should be no more than
6 tables and figures (combined). Supplemental figures and tables will be allowed
online. If page limits need to be increased, the authors may request permission
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from the Editors to increase the length of their future directions and methods for
IBD research review article. The number of references should be limited to 100.
The future directions and methods for IBD research review article should be

focused on a single specific topic.

Letters to the Editor Guidelines Letters in response to articles published in the
journal are welcome and should be submitted via IBD’s online submission system.
All Letters should start with the phrase “To the Editors,” and be written as a letter.
Letters must be submitted the end of the following calendar month (e.g. by the end
of July, for letters referring to articles in the June print issue) and be a maximum of
400 words, with no more than one figure or table and no more than 5 references.
All LTEs will be published online-only. Research letters and case-based
discussions will no longer be accepted for submission effective November 1, 2012.

REVISIONS

When submitting a revision, please submit both a clean copy and marked copy of
the manuscript. The marked copy should highlight all of the changes made the by
authors after the original review. Authors can use the track changes feature of the
Microsoft Word program to create a marked copy. Authors also should submit all
tables and figures in separate files for production purposes.

AFTER ACCEPTANCE

Open access

LWW'’s hybrid open access option is offered to authors whose articles have been
accepted for publication. With this choice, articles are made freely available online
immediately upon publication. Authors may take advantage of the open access
option at the point of acceptance to ensure that this choice has no influence on the
peer review and acceptance process. These articles are subject to the journal's
standard peer-review process and will be accepted or rejected based on their own

merit.

Authors of accepted peer-reviewed articles have the choice to pay a fee to allow

perpetual unrestricted online access to their published article to readers globally,
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immediately upon publication. The article processing charge for Inflammatory
Bowel Diseases is $3,000. The article processing charge for authors funded by the
Research Councils UK (RCUK) is $3,800. The publication fee is charged on
acceptance of the article and should be paid within 30 days by credit card by the
author, funding agency or institution. Payment must be received in full for the
article to be published open access.

(1 Authors retain copyright
Authors retain their copyright for all articles they opt to publish open
access. Authors grant LWW a license to publish the article and identify

itself as the original publisher.

1 Creative Commons license
Articles opting for open access will be freely available to read, download
and share from the time of publication. Articles are published under the
terms of the Creative Commons License Attribution-NonCommerical No
Derivative 3.0 which allows readers to disseminate and reuse the article, as
well as share and reuse of the scientific material. It does not permit
commercial exploitation or the creation of derivative works without specific
permission. To view a copy of this license visit:

http://creativecommons.org/licenses/by-nc-nd/3.0.

1 Compliance with NIH, RCUK, Wellcome Trust and other research
funding agency accessibility requirements
A number of research funding agencies now require or request authors to
submit the post-
print (the article after peer review and acceptance but not the final
published article) to a repository that is accessible online by all without
charge. As a service to our authors, LWW identifies to the National Library
of Medicine (NLM) articles that require deposit and transmits the post-print
of an article based on research funded in whole or in part by the National
Institutes of Health, Howard Hughes Medical Institute, or other funding

agencies to PubMed Central. The revised Copyright Transfer Agreement
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provides the mechanism. LWW ensures that authors can fully comply with
the public access requirements of major funding bodies worldwide.
Additionally, all authors who choose the open access option will have their

final published article deposited into PubMed Central.

RCUK and Wellcome funded authors can choose to publish their paper as
open access with the payment of an article process charge (gold route), or
opt for their accepted manuscript to be deposited (green route) into PMC

with an embargo.

With both the gold and green open access options, the author will continue
to sign the Copyright Transfer Agreement (CTA) as it provides the
mechanism for LWW to ensure that the author is fully compliant with the
requirements. After signature of the CTA, the author will then sign a License
to Publish where they will then own the copyright. Those authors who wish
to publish their article via the gold route will be able to publish under the
terms of the Attribution 3.0 (CCBY) License. To view of a copy of this
license visit: http://creativecommons.org/licenses/by/2.0/. Those authors

who wish to publish their article via the green route will be able to publish
under the rights of the Attribution Non- commercial 3.0 (CCBY NC) license
(http://creativecommons.org/licenses/by-nc/2.0/).

It is the responsibility of the author to inform the Editorial Office and/or LWW
that they have RCUK funding. LWW will not be held responsible for
retroactive deposits to PMC if the author has not completed the proper

forms.

FAQ for open access
http://links.lww.com/LWW-ES/A48
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Page Proofs and Corrections- Corresponding authors will receive an e-mail
containing a link to the electronic page proofs to check the copyedited and typeset
article before publication. The pages proofs are provided as portable document
format (PDF) files which require Adobe Reader to be viewed and edited. Complete
instructions will be provided with the e-mail for downloading the files and for
returning the corrected pages electronically to the publisher. It is the author's
responsibility to ensure that there are no errors in the proofs. Changes that have
been made to conform to journal style should be allowed to stand if they do not alter
the authors' meaning. Authors may be charged for alterations to the proofs beyond
those required to correct errors or to answer queries. Proofs must be checked
carefully and corrections returned within 24 to 48 hours of receipt, as requested in

the communication accompanying the page proofs.

Reprints- The corresponding author will receive the reprint order form via e-malil
while the article is in production. Reprint requests can be submitted any time before
or after publication of the article. For orders submitted before the article is
published, the reprints are normally shipped 6 to 8 weeks after publication of the
issue in which the item appears. For any questions regarding reprints or publication
fees, contact the Reprint Department by mail at Lippincott Williams & Wilkins, 351
West Camden Street, Baltimore, MD 21201; by phone at 1-800-341-2258; by fax at
410-528-4434; or by e-mail at: reprints@wolterskluwer.com.

Permissions- For permission and/or rights to use content for which the copyright
holder is LWW or the society, please go to the journal's website and after clicking
on the relevant article, click on the "Request Permissions" link under the "Article
Tools" box that appears on the right side of the page. Alternatively, send an e-malil

to customercare@copyright.com.

For Translation Rights & Licensing queries, contact Silvia Serra, Translations Rights,
Licensing & Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd,
250 Waterloo Road, London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-mail:

silvia.serra@wolterskluwer.com
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For Special Projects and Reprints (U.S./Canada), contact Alan Moore, Director of
Sales, Lippincott Williams & Wilkins, Two Commerce Square, 2001 Market
Street,  Philadelphia, @ PA  19103. Phone:  215-521-8638. E-mail:

alan.moore@wolterskluwer.com

For Special Projects and Reprints (non-U.S./Canada), contact Silvia Serra,
Translations Rights, Licensing & Permissions Manager, Wolters Kluwer Health
(Medical Research) Ltd, 250 Waterloo Road, London SE1 8RD, UK. Phone: +44
(0) 207 981 0600. E-mail:

silvia.serra@wolterskluwer.com
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