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RESUMO

A colite ulcerativa (RCU) e a doenca de Crohn (DC) compreendem um grupo de
doencas inflamatdrias intestinais (DII) crénicas com etiologia multifatorial. Atualmente,
as DIl séo consideradas um problema de saude publica devido a incidéncia crescente
em ambos 0s sexos e em todas as faixas etarias, principalmente em idade produtiva
(20-40 anos). Apesar do mecanismo multifatorial descrito, a plasticidade neuronal
também parece estar implicada na patogénese das DII, ocasionando disfun¢des na
motilidade e implicacbes imunoldgicas. As terapias utilizadas atualmente visam o
controle da inflamacgao a fim de prevenir o comprometimento intestinal e reduzir os
sintomas debilitantes das DII. Entretanto, ndo sdo capazes de reverter os danos
resultantes da cronicidade da doenca, além de apresentarem diversos efeitos
colaterais a longo prazo. Nesse cenario, as DIl representam uma area de grande
interesse para a pesquisa e desenvolvimento de medicamentos. Diante do quadro
inflamatorio observado em modelos experimentais de colite, a supressao das células
do sistema imunologico e dos mediadores pré-inflamatorios parece desempenhar um
papel chave no tratamento da doenca. Nesse contexto, a vimpocetina torna-se um
alvo promissor. A vimpocetina € um farmaco nootrépico que, recentemente, foi
demonstrado como um potente anti-inflamatério devido ao seu mecanismo bloqueador
da via do fator de transcricdo NFkB. Diante do exposto, objetivou-se avaliar se a
administracdo de vimpocetina (30 mg/kg, via oral) é capaz de exercer efeitos
protetores sobre a estrutura do plexo mioentérico do colon de camundongos com
colite induzida por acido acético. Para tal, camundongos Swiss receberam, via
intrarretal, 200 pL de acido acético 7,5% (pH 2,5). Os camundongos foram tratados,
via oral, com vimpocetina (30 mg/kg, 150 pL) ou veiculo (80% salina + 20% tween 20)
2 horas antes e 4, 10 e 16 horas depois da inducéo da colite. Todos os camundongos
foram submetidos a eutanasia 18 horas apds a inducao da colite por &cido acético,
realizada a laparotomia e coleta do célon distal. As amostras foram processadas para
coloracdo histologica com hematoxilina e eosina e para as técnicas de
imunofluorescéncia em cortes congelados e preparados totais contendo o plexo
mioentérico. A populagdo geral de neurbnios entéricos foi evidenciada através da
marcacao da enzima ubiquitina-hidrolase, presente no citoplasma dos neurénios, com
anti-PGP9.5. Para marcacéao das subpopulagdes foram utilizados anticorpos contra as
enzimas oxido nitrico sintase (nNOS), acetil colinatransferase (ChAT) e anti peptideo
intestinal vasoativo (VIP) e substancia P (SP). Dados histol6gicos demonstraram a
inducédo da colite através dos danos a integridade da mucosa, inchagco da submucosa
e infiltracdo de células imunoldgicas na parede do célon. Os resultados de
imunofluorescéncia mostraram a integridade do plexo mioentérico no célon inflamado,
com hipertrofia do corpo celular da populacdo total de neurbnios e atrofia da
subpopulcdo nitrérgica (NNOS+ ), além do aumento das fiibras VIP+ e SP+ |,
principalmente na camada muscular. O tratamento com a vimpocetina exerceu efeito
protetor parcial em relagcéo as alteragdes histopatolégicas e morfométricas, mas nédo
foi capaz de controlar as alteragbes quanto ao aumento de fibras SP+ e VIP+ nos
camundongos com colite. Conclui-se que a dose de 30 mg/kg de vimpocetina



desempenha baixo efeito protetor no sistema nervoso entérico de camundongos com
colite experimental induzida por acido acético.

Palavras-chave: Colite. Sistema Nervoso Entérico. Anti-inflamatorio.
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ABSTRACT

Ulcerative colitis (RCU) and Crohn's disease (CD) comprise a group of chronic
intestinal inflammatory diseases (IBD) with multifactorial aetiology. Currently, IBD is
considered a public health problem due to increasing incidence in both sexes and in
all age groups, especially in productive age (20-30 years old). Despite the multifactor
mechanism already described, neuronal plastic also appear to be implicated in the
pathogenesis of IBD, causing motility dysfunctions and immunological implications.
Current therapies are aimed at controlling inflammation to prevent intestinal
involvement and reduce the debilitating symptoms of IBD. However, they are not
capable of reversing chronic damage, besides having several long-term side effects.
Thus, IBD represents an area of great interest for researching and development of
drugs. Considering the inflammatory response observed in experimental models of
colitis, the suppression of immune cells and proinflammatory mediators seems to play
a key role in the treatment of the disease. In this sense, vinpocetine becomes a
promising treatment. Vimpocetin is a nootropic drug that has recently been shown to
be a potent anti-inflammatory due its blocking mechanism of the NFkB transcription
factor pathway. Thus, the goal of this dissertation was to evaluate whether the
administration of vinpocetine (30 mg / kg, orally) is capable of exerting protective
effects on the colonic myenteric plexus structure of mice with acetic acid-induced
colitis. Male and female Swiss mice received 200 uL of 7.5% acetic acid (pH 2.5) via
rectum. Mice were treated orally with vinpocetine (30 mg / kg, 150 ul) or vehicle (80%
saline + 20% tween 20) 2 hours before and 4, 10 and 16 hours by gavage after colitis
induction with acetic acid. All mice were submitted to euthanasia 18 hours after colitis
induction in order to collect the distal colon. Samples were processed for the
immunofluorescence technique in frozen sections and whole mounts containing the
myenteric plexus. General enteric neurons was evidenced by the labelling of the
enzyme ubiquitin-hidrolase, present in cytoplasm of the neurorons, with anti-PGP9.5.
For the labelling of subpopulations using antibodies against the enzymes nitric oxide
synthase (NNOS), acetyl cholinatransferase (ChAT) and vasoactive intestinal peptide
(VIP) and substance P (SP) were used. Histological data demonstrated the induction
of colitis had successful since it was observed damage to mucosal integrity,
submucosal edema, and infiltration of immune cells into the colon wall. The
immunofluorescence showed the integrity of the myenteric plexus in the inflamed
colon. Colitis caused hypertrophy of general myenteric neurons and atrophy of nitrergic
subpopulation, as well as increased the number of VIP+ and SP+ fibres mainly in the
external muscle layer. Treatment with vimpocetine exerted a partial protective effect in
relation to histopathological and morphometric changes, but it was not able to control
the changes in the increase of SP+ and VIP+ fibers in the mice with colitis. It is
concluded that 30 mg/Kg vinpocetine plays a low protective effect on the enteric
nervous system of mice with acetic acid-induced colitis.

Key words: Colitis. Enteric nervous system. Anti-inflammatory.
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1 INTRODUCAO

O controle neuronal da fungéo do trato gastrointestinal (TGI) ocorre por meio de
diferentes populacbes de neurdnios, cujos corpos celulares podem estar localizados
dentro ou fora da parede dos 6rgdos. Envolve a comunicacdo entre reflexos locais
(dentro da parede intestinal); reflexos extraspinicos, que s&o originados na parede do
0rgao e passam por ganglios simpaticos pré-vertebrais, independentemente do sistema
nervoso central (SNC); e reflexos dependentes do SNC (TGI-SNC e SNC-TGI)
(FURNESS, 2012).

Os ganglios entéricos estao sujeitos a uma constante distorcdo mecéanica devido
a contracdo e relaxamento do TGl (GABELLA, 1990). Esses movimentos musculares,
bem como a funcéo neuronal, podem ser modulados por neurotransmissores, 0s quais
sofrem alteragdes de acordo com o nivel de estresse (KIANK, TACHE e LARAUCHE,
2010; LARAUCHE, MULAK, e TACHE, 2012), condicdo imunoldgica (OHMAN e
SIMREN, 2010) e microbiota intestinal (COLLINS, SURETTE e BERCIK, 2012). Esses
diferentes estimulos/condi¢cdes resultam em um conjunto de modificacfes estruturais
e/ou funcionais nos neur6nios entéricos e células gliais, denominadas de plasticidade
neuronal entérica (LOMAX, FERNANDEZ e SHARKEY, 2005). Dessa maneira, a
neuroplasticidade entérica é caracterizada por modificacfes estruturais e funcionais, a
fim de manter a homeostase dos oOrgdos. Além disso, também tem um papel
fundamental na reorganizacdo dos circuitos neuronais visando a restauracdo das
funcBes intestinais. Essas modificacdes podem ser fisioldégicas, durante o
desenvolvimento e envelhecimento, ou consequéncia de uma condicdo patolégica,
como por exemplo na doenca inflamatéria intestinal (DIl) (VASINA, BARBARA e
TALAMONTI, 2006). A plasticidade neural pode contribuir para alteracdes na secrecao
e motilidade intestinal, levando ao desconforto, dor, diarreia ou constipacao observados
nas DIl (LOMAX, FERNANDEZ, SHARKEY, 2005; BRIERLEY e LINDEN, 2014).

Estudos sobre a plasticidade no sistema nervoso entérico (SNE) sao
fundamentais para compreender a fisiopatologia de diversas doencas, bem para o
desenvolvimento de intervencdes farmacoldgicas (KRUGER et al., 2002). Segundo
Brierley e Linden (2014), devido as limitagOes éticas do desenvolvimento de pesquisa
com seres humanos, varios modelos experimentais de inflamacéo intestinal em animais
sao utilizados para elucidar os mecanismos relacionados a plasticidade no SNE. Estes,
incluem inducdo por substancias quimicas, por transferéncia de células T, colite

espontanea e utilizando animais geneticamente modificados. Entre eles, os modelos de
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colite induzida por produtos quimicos como acido trinitrobenzeno sulfénico (TNBS),
oxazolona, acido acético e sulfato sédico de dextrana (DSS) sédo os mais amplamente
utilizados (WIRTZ et al., 2007; KOON et al., 2010; ABAD et al., 2015)

1.1 DOENCA INFLAMATORIA INTESTINAL: CARACTERIZACAO ETIOLOGICA,
HISTOLOGICA, EPIDEMIOLOGICA E CLINICA

O grande numero de células imunoldgicas entéricas, em constante atividade e
exposicao ao meio externo, esta relacionado a existéncia de muitas doencas intestinais
devido as respostas imunolégicas descontroladas no TGIl. Pesquisas revelam que
predisposicao genética, disbiose, respostas imunes exacerbadas e fatores ambientais
sdo conhecidos por promoverem, em conjunto, a desregulacdo imunolégica do TGlI,
estando assim associados a patogénese das DIl (STROBER, FUSS e MANNON, 2007;
XAVIER e PODOLSKY, 2007; KASER, ZEISSIG e BLUMBERG, 2010; SUN, NAVA e
STAPPENBECK, 2011; DE SOUZA e FIOCCHI, 2016).

A doenca de Crohn (DC) e a retocolite ulcerativa (RCU), as duas
principais formas de DIl, sdo inflamac¢Bes crbnicas, remitentes ou progressivas,
principalmente do TGl inferior (HIRATA, IHARA E KOIKE, 2016). De uma forma geral,
0 aparecimento dessas doencas ocorre tipicamente na segunda e terceira década de
vida, em ambos o0s sexos e com recidivas frequentes, afetando a educacéao,
produtividade no trabalho, vida social e qualidade de vida dos pacientes (KWON et al.,
2005; ZHU e LI, 2012).

A incidéncia das DIl vem aumentando em todo o mundo, sobretudo em
paises em desenvolvimento. Portanto, seu controle tornou-se um grande desafio de
saude publica e uma das principais preocupacdes para a gastroenterologia (LOFTUS,
2004; MOLODECKY et al., 2012; HUTTENHOWER, KOSTIC e XAVIER, 2014).

No Brasil, poucos estudos epidemioldgicos estao disponiveis e, em sua
maioria, descrevem apenas as caracteristicas clinicas, sem referéncia a incidéncia ou
prevaléncia dessas doencas (SOUZA et al., 2002; MOLODECKY et al., 2012). Atribui-
se a isso, o fato dessas doencas ndo serem de notificacdo compulséria e a auséncia
de um diagndstico correto, uma vez que 0s prontuarios meédicos registram altas taxas
de diarreias de etiologia bacteriana ou parasitaria (DE SOUZA, BELASCO e
NASCIMENTO, 2008). Os poucos dados sobre a RCU no Brasil apontam o aumento

na incidéncia entre a populacdo da &rea urbana nas regides nordeste, sudeste e centro-
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oeste, corroborando com a hipotese da importancia da exposicdo aos fatores
ambientais como estilo de vida, habitos alimentares, fatores psicossociais, obesidade e
infeccbes (VICTORIA, SASSAKI e NUNES, 2009; DELMONDES et al., 2015;
PARENTE, et al., 2015; SILVA et al., 2015).

Embora tenham caracteristicas comuns entre as duas principais formas de DI,
existem importantes diferencas genéticas e clinicas. Destaca-se que na RCU a
inflamacdo acomete principalmente o reto e colo, em um grau variavel e de maneira
continua na mucosa e submucosa. As caracteristicas histopatoldgicas incluem infiltrado
neutrofilico na lamina propria e nas criptas, formando microabscessos, ulceracdes e
perda progressiva das células da cripta. Ao passo que, as principais caracteristicas da
DC sao o acometimento de qualquer regido do TGI, inflamacdo descontinua e
transmural, agregacao de macréfagos e formacéo de granulomas (ELLRICHMANN et
al, 2014)

Sabe-se que durante a inflamacao gastrointestinal, ha uma ruptura no controle
das células efetoras do intestino (células musculares lisas, enterécitos e endotélio
vascular), acarretando em altera¢des na motilidade, fluxo sanguineo e equilibrio hidrico.
Dessa forma, as manifestacdes intestinais mais comuns das DIl incluem diarreia grave,
dor abdominal, hemorragia e perda de fluidos e eletrélitos (GASCHE et al., 2007).
Dessa forma, Lomax, Pradhananga e Bertrand (2017) afirmam que o distUrbio
funcional, juntamente com a dor, sdo o0s responsaveis pelos sintomas debilitantes das
DII.

1.2 MODELOS EXPERIMENTAIS DE DOENCA INFLAMATORIA INTESTINAL

Para uma melhor compreensao dos mecanismos patoldgicos que envolvem as
DIl, bem como para investigar a farmacocinética e eficacia pré-clinica de alternativas
terapéuticas, sao utilizados modelos experimentais em animais. Por ser um grupo de
doencas heterogéneas, muitos modelos foram desenvolvidos para que as diferentes
vias de modulacéo e reparacdo fossem avaliadas. Estes incluem modelos induzidos
por compostos quimicos, transferéncia adotiva de células T, colite espontanea e
animais geneticamente modificados (DEVOSS e DIEHL, 2014; RANDHAWA et al.,
2014).

Entre os modelos disponiveis, 0s quimicos sdo 0s mais comumente utilizados

por oferecerem boa reprodutibilidade e facilidade de desenvolvimento. Nesse contexto,



19

0S agentes quimicos exdgenos amplamente administrados para inducédo de colite
experimental sdo: Acido trinitrobenzeno sulfénico (TNBS) (DA SILVA et al., 2010; DE
ALMEIDA, SANCHEZ-HIDALGO e MARTIN, 2013); sulfato sédico de dextrana (DSS)
(DHARMANI, LEUNG e CHADEE, 2011; CHEAH et al.,, 2013), e acido acético
(MOUSAVIZADEH et al., 2008; ZABIHI, 2017). Randhawa et al. (2014) apresentam
uma construtiva revisdo bibliografica sobre os os diversos protocolos utilizando os
agentes quimicos citados, sendo os principais:

TNBS: A inflamacdao intestinal induzida pela administracédo de TNBS ¢€ difusa e
transmural, caracterizada pelo aumento da infiltracdo de leucécitos, formacédo de
edema e ulceracfes. A inducdo € realizada dissolvendo o TNBS em &lcool com
posterior administracédo via retal. O &lcool atua tanto como veiculo, como auxilia na
inducdo por quebrar a barreira da mucosa. O perfil inflamatério associado a esse
modelo &, predominantemente, via resposta imunologica Thl, envolvendo células T
CD4+, IL-12 e TNF-a. Por esse motivo, a inducdo via TNBS é associado mais
comumente a doenca de Crohn em humanos.

DSS: O modelo de colite induzida por DSS apresenta morfologia e sintomas
semelhantes aos observados na doenca humana. Entretanto, apesar de ser
considerado de facil execucéo, o custo é considerado alto. Para a inducédo, geralmente,
de 2 a 5% de DSS é adicionado na agua potavel dos animais por um periodo de 5a 9
dias consecutivos. ApOs esse periodo, os animais sdo submetidos a eutanasia para
avaliacdo dos parametros inflamatoérios e danos histolégicos. Nesse modelo também
se observa a perda de peso, hemorragia retal e consisténcia das fezes (critérios
utilizados para determinar o indice de atividade da doenca). Pesquisas apontam que o
DSS afeta principamente o intestino grosso, provocando erosdes com perda
prograssiva do epitélio superficial, deforminades na integridade do epitélio com
aumento da permeabilidade da mucosa colbnica. A colite aguda induzida pelo DSS é
caracterizada por hiperemia, ulceracbes, edema moderado a severo, alteracdes
histopatoldgicas, infiltracdo de granulécitos e sintomas como diarreia sanguinolenta.
Além disso, hd um aumento das citocinas pro-inflamatoérias no tecido colénico.

Acido acético: Dos modelos quimicos amplamente utilizados, a colite
experimental induzida pela administracdo intrarretal de acido acético é considerada de
facil desenvolvimento, reproducdo e baixo custo. Além disso, apresenta semelhanca
com a doenca humana em termos patogénicos, histologicos e de perfil inflamatério
(NAKHAI et al., 2007; BITIREN et al., 2010; HARTMANN et al., 2012). Em ambas as
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situacdes (clinica e experimental), a lesdo coldnica apresenta infiltracdo de neutrdfilos,
inflamacdo difusa na mucosa, vasodilatacdo, edema, ulceracdes na submucosa e
reducdo das células caliciformes (CLOSA e FOLCH-PUY, 2004; JURJUS, KHOURY e
REIMUND, 2004; NAKHAI et al., 2007, HARTMANN et al., 2012). Nesse modelo
também é possivel observar liberacéo de citocinas pro-inflamatorias (LUO et al., 2010)
e mediadores lipidicos secretados pelos neutréfilos, os quais contribuem para leséo
intestinal (RANDHAWA et al., 2014). Embora o modelo experimental ndo mimetize
exatamente a doenca humana, a colite experimental induzida pelo &cido acético tem
sido amplamente utilizada por reproduzir a fase de recidiva da RCU, ou seja, momento
no qual sdo observados os sintomas (CAGIN et al., 2016; FATTAHIAN et al., 2016;
GHASEMI-PIRBALUTI, MOTAGHI e BOZORGI, 2017; SULUVOY, SAKTHIVEL e
GURUVAYOORAPPAN, 2017).

Embora seja aceito que a interacdo dos fatores jA& mencionados no item 1.1
estejam subjacentes a patogénese das DI, evidéncias mais recentes demonstram a
participacdo do sistema nervoso em conjunto com o sistema imunologico no curso
dessas doencas (GEBOES e COLLINS; 1998; LOMAX et al., 2005; VASINA, BARBARA
e TALAMONTI, 2006; BOISSE et al., 2009). Portanto, é possivel que a motilidade
alterada nesses modelos seja realmente resultante de alteracdes na inervagéo do TGl
(LOMAX, PRADHANANGA e BERTRAN, 2017).

1.3 INERVACAO DO TRATO GASTROINTESTINAL

O trato gastrointestinal (TGI) possui fun¢des essenciais para vida, incluindo
secrecdo de acido gastrico, digestdo, absorcdo dos nutrientes, movimentos de
propulsdo e mistura, excrecéo e interagdo com o sistema imune intestinal. O controle
neural dessas fungbes ocorre através da interagdo entre neurdnios intrinsecos do
sistema nervoso entérico e neurdnios extrinsecos do sistema nervoso autbnomo (SNA)
parassimpatico (vias vagais e pélvicas) e simpatico (vias torocolombares) (Fig. 1,2)
(FURNESS et al., 2014; UESAKA et al., 2016).
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Fig. 1: Inervagdo simpatica (azul) e parassimpética (rosa) do trato gastrointestinal através das vias
vagais e espinais (Adaptado de AESAKA et al., 2016)

O TGI difere dos demais 6rgdos por possuir um sistema nervoso intrinseco,
denominado de sistema nervoso entérico (SNE) (TRACEY, 2002; FURNESS et al.,
2014). Estudos demonstraram que o SNE é capaz de atuar de forma autbnoma no
controle da motilidade intestinal. Porém, o SNC desempenha um papel fundamental no
controle da motilidade esofagica e gastrica, além de regular a funcao intestinal perante
alteracdes do estado emocional (BAYLISS e STARLING, 1899).
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Fig. 2: Interacdo das vias neurais entéricas com o SNC (Adaptado de FURNESS, 2012).

O estudo descrito nessa dissertacédo envolveu componentes especificos do SNE,

todavia sera apresentada uma breve descricao sobre todos os elementos do sistema
nervoso autbnomo.
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1.3.1 SISTEMA NERVOSO PARASSIMPATICO (VIAS VAGAIS E NERVOS
PELVICOS)

A inervacao vagal fornece tanto reflexos aferentes (sensitivos) quanto eferentes
(motores), principalmente para a porgao superior do TGI (eséfago, estbmago, intestino
delgado proximal, figado e pancreas). As informacdes em relacdo ao contetdo luminal,
seja a presenca de nutrientes ou agentes potencialmente nocivos, sao detectadas por
células epiteliais glandulares, dentre as quais, as células enteroenddcrinas que liberam
horménios sobre as terminacdes nervosas aferentes vagais (mecanoreceptores,
guimioreceptores ou receptores de tensdo, dependendo do Orgado), ativando-as
indiretamente. Essas vias aferentes vagais sdo responsaveis por regular o apetite e a
saciedade, propulsdo esofagica, volume géstrico, atividade contratil e secre¢ao gastrica
(RAYBOULD, 2010; FURNESS et al., 2013; FURNESS et al., 2014).

Schemann e Grundy (1992) descreveram que as vias eferentes vagais tém
origem no nucleo motor dorsal do nervo vago e no ndcleo ambiguo, podendo
estabelecer sinapses em ganglios entéricos (em sua maioria) ou inervar diretamente as
células musculares estriadas do es6fago. A eferéncia vagal é responsavel pela
propulsdo esofagica, através de reflexos iniciados nos mecanoreceptores, 0s quais
detectam o conteudo luminal e ativam as vias vagais eferentes para relaxar o esfincter
esofagico inferior, proporcionando assim a passagem do alimento. No estbmago, ela é
responsavel pelo aumento do volume gastrico, relaxamento do piloro e aumento da
secrecao gastrica. As vias eferentes vagais também promovem a contracéo da vesicula
biliar e secrecao pancreética (FURNESS et al., 2004).

De forma semelhante a inervagdo vagal no trato gastrointestinal superior, as
vias pélvicas sédo responsaveis pela aferéncia e eferéncia neuronal no intestino grosso
distal e reto (porcéo inferior do TGI). Dessa forma, pode-se afirmar que as fibras
sensoriais sdo responsaveis por receber o estimulo da mucosa ou da parede do 6rgéo,
ativando assim a via parassimpatica na porcgéo inferior do TGIl. As vias eferentes
pélvicas exercem importantes fungdes nos ganglios entéricos do colon distal e reto,
através da modulacéo da motilidade na regido e do controle dos reflexos de defecacéo
(LYNN et al., 2005; BRIERLEY et al., 2004; KYLOH et al., 2011; ZAGORODNYUK et
al., 2011).
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1.3.2 SISTEMA NERVOSO SIMPATICO

A conexao simpética entre o SNC e o TGl ocorre atravées de vias aferentes (com
sinapse nos ganglios de raiz dorsal — DRG) e vias eferentes (com sinapses em ganglios
celiacos e mesentéricos superior e inferior). Os corpos dos neurbnios simpaticos pré-
ganglionares tem origem toracolombar e seus axoénios projetam-se para fora da medula
espinal inervando um grande namero de alvos no TGl como ganglios mioentéricos e
submucosos, vasos sanguineos e musculatura dos esfincteres (FURNESS et al., 2003;
LOMAX, 2008).

Nos ganglios mioentéricos, a inervacao eferente simpatica € responsavel por
inibir os efeitos excitatérios dos neurbnios entéricos que inervam a musculatura do
estbmago e do intestino, bem como contrair a musculatura dos esfincteres, o que
provoca reducdo da velocidade do transito gastrointestinal. Essas fibras também
possuem a capacidade de inibir a secrecdo, através da invervacdo dos ganglios
submucosos (FURNESS e COSTA, 1974).

Ao passo que os terminais axonais aferentes estdo, em sua maioria, em torno
das arteriolas na parede do intestino, porém também podem ser encontrados nos
ganglios mioentéricos, na lamina prépria da mucosa em todo o TGI e, raramente, nas
camadas musculares (GIBBINS et al., 1985; GREEN e DOCKRAY, 1988; BROOKES
et al., 2014).As vias aferentes simpaticas (mecanorreceptores) sdao semelhantes a
inervacao vagal do estbmago e intestino delgado proximal uma vez que respondem a
um leve estimulo da mucosa mas néo a distencao ou contracéo do colo, além de incluir
fibras de dor (BRIERLEY et al., 2004; KYLOH et al., 2011).

1.3.3 SISTEMA NERVOSO ENTERICO

O sistema nervoso entérico (SNE), inserido na parede do TGI, é composto por
agregados de corpos celulares e glias entéricas, denominados ganglios entéricos, 0s
guais sao interligados por fibras nervosas. Além disso, a comunicacdo dos ganglios
entéricos com os tecidos efetores do TGl (musculatura, epitélio da mucosa, vasos
sanguinios e células gastroenteropancreaticas) também é realizada através das fibras
nervosas (Fig. 3) (FURNESS, 2012).
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Fig. 3: Organiza¢éo do SNE em humanos e mamiferos de médio porte
(Adaptado de Furness, 2006).

Assim como mencionado por Lomax, Pradhananga e Bertrand (2017), os
ganglios entéricos podem estar inseridos em dois locais do TGI, chamados de plexos
ganglionados. O plexo mioentérico, localizado entre as camadas musculares lisas
circular e longitudinal, fornece inervacdo motora excitatdria ou inibitéria para parede do
orgdo. Enquanto que o plexo submucoso, inserido nha camada submucosa, modula as
atividades secretomoras do epitélio e dos vasos sanguineos intrinsecos. O SNE
também €& composto por outros plexos, chamados de ndo ganglionados, constituidos,
portanto, apenas de fibras nervosas. Esses sdo responsaveis pela interacdo neural
entre todas as camadas da parede dos 6rgaos, possibilitanto assim o funcionamente
adequado das funcdes do TGI.

Algumas diferencas nessa estrutura podem ser observadas de acordo com o
orgao e espécie. Entre elas, destaca-se a auséncia do plexo submucoso no eséfago e
estdbmago, justificada pelo baixo fluxo de fluidos através do epitelio da mucosa (o0 que
ocorre principalmente nos intestinos) (BREHMER, 2006; FURNESS, 2006; BREHMER
et al., 2010; FURNESS, 2016).

O SNE é considerado um circuito neuronal completo por possuir os trés tipos de
neurdnios necessarios para a emissdo da resposta frente ao estimulo: neurdnios
aferentes primarios intrinsecos, interneurdnios e neurdnios motores excitatorios e
inibitorios. Os reflexos entéricos sdo iniciados pela ativagdo de neurdnios aferentes

primérios intrinsecos (IPANs) localizados em ambos o0s plexos e responsivos as



26

mudancas quimicas e mecanicas dos 6rgaos (BERTRAND et al., 2000). Os IPANSs, por
sua vez, inervam os interneurdnios, os quais formam conexdes com outros neurénios
do plexo mioentérico ou submucoso denominados de neurdnios motores. Esses, por
conseguinte, liberam neurotransmissores para as ceélulas efetoras (BORNSTEIN,
FURNESS e KUNZE 1994, FURNESS et al., 2003).

Furness (2006) estima que o numero total de neurdnios entéricos, em seres
humanos, seja superior a somatoria dos neurdnios simpaticos e parassimpéticos,
atingindo assim em torno de 400 a 600 milhdes (numero semelhante a quantidade de
neurdnios encontrada na medula espinal). Dessa forma, pode-se afirmar que o SNE
tem um papel essencial na motilidade do TGI, secrecdo de substancias e absorcéo de
agua e nutrientes durante o processo de digestao.

Dessa maneira, a motilidade da camada muscular externa é modulada pela
inervacao do plexo mioentérico e pelas células interticiais de Cajal (HUIZINGA e
LAMMERS, 2009; SANDERS et al., 2012). Enquanto que os neurbnios motores do
plexo submucoso sao responsavels por controlar a secrecao de cloreto e agua para o
[imen. Esse controle motor é realizado através de neurotransmissores excitatorios e
inibitérios. De um modo geral, acetilcolina (ACh) e substancia P (SP) mediam a
contracao, enquanto que o peptideo intestinal vasoativo (VIP) e o éxido nitrico (NO) séo
responsaveis por modular o relaxametno muscular (FURNESS, 2006). Ja os reflexos
vasodilatadores do plexo submucoso modulam a fungcdo de abosor¢cdo durante a
digestao (VANNER e MACNAUGHTON, 2004) .

Apesar da importancia do SNE para as funcdes vitais do TGI, o SNC exerce
uma grande influéncia nas atividades dos neurdnios intrinsecos, modulando os efeitos
da inervacéo nos tecidos efetores. A comunicacédo entre o0 SNC e o SNE ocorre por
meio da liberacdo de neurotransmissores, 0s quais atuam como moléculas
sinalizadoras intracelulares e podem ter seus niveis alterados por outros
neuropetpideos, citocinas, hormdnios e drogas. A interacdo dessas moléculas com
seus receptores especificos geram respostas centrais e periféricas, afetando a
musculatura, epitélio, endotélio e células imunes do TGl (GROSS e POTHOULAKIS,
2007).

Conforme a literatura, mais de 20 neurotransmissores foram identificados no
SNE e muitos neurdnios sédo capazes de expressar mais de um tipo. Dentre eles, os
neurotransmissores que possuem maior importancia para os mecanismos fisiolégicos

e patoldgicos sao acetilcolina, substancia P, serotonina, purinas (Adenosina Trifosfato),
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aminacidos (glutamato), peptideos (Peptideo intestinal vasoativo e neuropeptideo Y), e
oxido nitrico (NO) (XUE et al., 2000; LECCI, SANTICIOLI e MAGGI 2002; LAKE e
HEUCKEROTH, 2013).

A seguir uma breve revisédo dos neurotransmissores avaliados nessa dissertagéo

e suas funcdes no plexo mioentérico.

1.3.3.1 ACETILCOLINA

A presenca da acetilcolina (ACh) em neurbnios entéricos foi descrita pela
primeira vez em 1934 no estbmago (DALE e FELDBERG, 1934) e da enzima
sintetizadora (ChAT) poucos anos apdés no intestino (DIKSHIT, 1938). A localizagéo de
ChAT nos neurdnios entéricos foi revelada por Furness et al., (1983) e complementada
pela observacdo em neurbnios motores excitatérios em estudos posteriores
(BROOKES et al., 1991). Esses neurdnios podem possuir diferentes caracteristicas
morfolégicas, porém, o cédigo quimico é considerado homogéneo, uma vez que todos
expressam ACh e uma alta porcentagem também co-expressam taquicininas (TKSs),
como substancia P além de neuroquinina A (NKA) (COSTA, BROOKES e HENNIG,
2000).

A ACh liberada a partir dos neurdnios motores excitatorios do plexo mioentérico
interagem com receptores muscarinicos M3 e, em menor grau, receptores M2 na
musculatura lisa e nas células interticiais de Cajal intramusculares, atuando como um
componente significativo da transmissao excitatéria para os musculos da parede
intestinal (Fig.4) (LECCI, SANTICIOLI e MAGGI, 2002; GOYAL, 2013). Essa
modulacdo pode ocorrer por diferentes mecanismos de acordo com o receptor ativado.
Sendo assim, a contracdo muscular mediada pela ativacado do receptor M3 ocorre via
fosfolipase CB e consequente liberagéo de Ca?* dos compartimentos intracelulares. Ao
passo que a ligacdo da Ach nos receptores M2 inibe a enzima adenilatociclase,
inativando os sinais de relaxamento muscular (LECCI, SANTICIOLI e MAGGI, 2002).
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Fig 4: Mecanismos de excita¢do e inibicdo da acdo muscular (Ach, Taquicininas — TKs e ATP) e
inibitérias (NO e VIP)
(Adaptado de LECCI, SANTICIOLI e MAGGI, 2002)

A importancia da ACh para a contracdo muscular do TGl foi reforcada com
estudos atuais utilizando toxina botulinica tipo A (TBA) (ZHAO et al., 2016) e dopamina
(AUTERI et al., 2017). Zhao et al. (2016) demonstrou que a TBA é capaz de inibir a
contracdo do musculo liso de ratos por impedir a liberagdo de ACh dos neurbnios
colinérgicos e também prejudicar a sua transmissao para as células musculares. Efeito
semelhante foi observado em camundongos tratados com dopamina, 0s quais tiveram
a motilidade do célon inibida devido ao bloqueio da liberacdo ACh via ligacéo

dopamina/receptor D1.

1.3.3.2 SUBSTANCIA P

A substancia P (SP) é um neuropeptideo pertencente a familia das taquicininas,

isolada e purificada pela primeira vez em glandulas pituitarias bovinas (CHANG e
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LEEMAN, 1970). A SP é sintetizada por neurénios do SNC (MANTYH, 2002), SNE (LU
et al., 2016) e algumas células do sistema imunolégico como macrofagos (UTSUMI et
al., 2016).

Apesar da predominancia do papel de ACh na motilidade, a SP esté igualmente
distribuida no TGlI, exercendo efeitos motores por meio de dos receptores de taquicinina
NK1, NK2 e NK3 (SHIMIZU et al., 2008; POOLE et al., 2015; PELLEGRINI et al., 2016)
(Fig. 4). Em particular, a ativacdo do receptor NK1 em neur6nios entéricos, células
intersticiais de Cajal, epitélio colénico e células imunes, tem demonstrado maior
envolvimento na motilidade, secrecéo e sensibilidade visceral no TGl (POOLE et al.,
2015; LU et al., 2016; UTSUMI et al., 2016).

Em relacdo a fonte neuronal entérica, a SP pode ser liberada por dois tipos de
neurdnios: neurdnios colinérgicos excitatorios (BARTHO, LENARD e PATACCHINI,
1990) e neurdnios aferentes primarios peptidérgicos (ENGEL et al., 2011). A ativacéo
da inflamacgé&o envolve neurdnios sensoriais extrinsecos e intrinsecos que impulsionam
os reflexos de dor e os mecanismos inflamatérios locais, como vasodilatacao,
extravassamento do plasma e nocicepcdo (ENGEL et al. , 2011). Nesse sentido,
Lapointe et al. (2015) destacam a participacdo do receptor de potencial transitorio
vaniléide do tipo 1 (TRPVL1), expresso por neurbnios aferentes primarios extrinsecos,
capazes de responder a uma variedade de estimulos nocivos. A ativacdo do TRPV1
estimula a liberacao de neuropeptideos como substancia P e peptideo relacionado ao
gene da calcitonina (CGRP) na mucosa colbnica, o que contribui para as respostas
inflamatorias. Uma vez secretada, a SP pode exercer efeitos motores excitatorios e
atividades pro-inflamatérias como vasodilagédo, extravassamento de plasma, migracdo
leucocitaria e fibrinogénse (AVERBECK e REEH, 2001; TAN, BORNSTEIN e
ANDERSON, 2008; KOON et al., 2010).

1.3.3.3 OXIDO NITRICO

Assim como 0s neurotransmissores excitatorios discutidos acima (Ach e SP),
0S neurotransmissores inibitérios (6xido nitrico, peptideo intestinal vasoativo e ATP)
também participam da motilidade, porém promovendo reflexos de relaxamento na
regido descentente da parede muscular, visando a propulséo do contéudo do limen no
sentido anterégrado (Fig. 4). Diante desse comparativo, € possivel concluir que a

inibicdo dos reflexos motores excitatorios € capaz de reduzir a velocidade do transito
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intestinal uma vez que os reflexos inibitorios (relaxamento) ficam prevalecidos ao longo
da parede muscular. Da mesma forma, o blogueio das vias inibitorias, culmina em
predominancia das vias excitatérias (contracao) na regido ascendente, aumentando a
velocidade do transito intestinal (SHAHBAZIAN e HOLZER, 2000; LECCI, SANTICIOLI
e MAGGI, 2002).

O o6xido nitrico (NO) € uma molécula de sinalizacdo importante em muitas
funcbes biologicas. No final da década de 70, foi descoberto que trés diferentes
enzimas (NO sintases) sdo capazes de produzir o NO: NOS neuronais (NNOS ou
NOS1), NOS induziveis (INOS ou NOS2) e NOS endoteliais (eNOS ou NOS3)
(ARNOLD et al. 1977; GRUETTER et al. 1979; FURCHGOTT e ZAWADZKI, 1980).

Conforme consta em Kono et al., (2004), o NO pode ser considerado essencial
para a regulacao de inumeras funcées homeostaticas da mucosa gastrointestinal, como
manutencao da permeabilidade epitelial, producdo de muco e modulagéo das respostas
inflamatorias. Além disso, o NO é apontado como um importante neurotransmissor
primario secretado por neurbnios motores entéricos inibitérios (BULT et al., 1990;
SANDERS e WARD, 1992; SUNG et al., 2006; MATSUYOSHI et al., 2010; PELLETIER
et al., 2010; MANE et al., 2014)

A enzima nNOS pode estar ligada a membrana ou dispersa no citosol dos
neurbnios entéricos, sendo possivel a marcacdo no plexo mioentérico, através da
técnica de imunohistoquimica, utilizando anticorpos anti-nNOS (MATSUYOSHI et al.,
2010; WISTON, LI e SARNA, 2013; CAPUTIl etal., 2017). O NO liberado na musculatura
lisa do TGI causa respostas esteriotipadas de hiperpolarizacdo pds juncional,
compondo-se de potenciais nitrérgicos inibitorios e resultando no relaxamento muscular
(LIES et al., 2015). Por esse motivo, alteragdes na expressao de nNOS, acarretam em
disfuncéo na motilidade intestinal, sintoma que pode ser observado em colite humana
e modelos experimentais murinos (SUNG et al., 2006; WISTON, LI e SARNA, 2013;
RAHMAN, ROBINSON e JOVANOVSKA, 2015).

1.3.3.4 PEPTIDEO INTESTINAL VASOATIVO (VIP)
O peptideo intestinal vasoativo (VIP) é um potente neuropeptidio originalmente

isolado no intestino delgado de porco (SAID e MUTT, 1970). Entretanto, atualmente

sabe-se que VIP é normalmente expresso em todas as camadas do TGl, principalmente
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no plexo submucoso e lamina propria e, mais raramente, no plexo mioentérico (ZHAO
et al., 2013; ABAD et al., 2015; DEL VALLE-PINERO et al., 2015).

O primeiro estudo de localizagdo, evidenciou a presenca de VIP nas células
enteroenddcrinas do TGl (PORTER, SAID e GANONG, 1983). Entretanto, estudos
posteriores mostraram que VIP estava presente apenas em neurbnios centrais e
periféricos, ndo sendo mais detectavel em células enddécrinas (SAID e MUTT, 1970;
BRYANT et al., 1976; LARSSON et al., 1979).

No TGI, a distribuicdo de estruturas VIP* foi examinada em cobaias e ratos
(SCHULTZBERG et al.,, 1978; JESSEN et al.,, 1980, MALMFORS et al.,, 1981,
KUWAHARA et al., 1983). Esses estudos demonstraram a presenca de VIP dentro das
diversas camadas da parede gastrointestinal, sendo predominantemente na camada
submucosa (plexo submucoso) e com uma tendéncia para maiores propor¢des na parte
distal do TGI. Em quantidades mais baixas foram marcados neurdnios VIP* no plexo
miontérico e, de forma escassa, na camada muscular longitudinal. Segundo esses
estudos, em outros locais da parede gastrointestinal, como a |lamina propria, pequenos
grupos de células VIP* sdo encontrados, entretanto com particular importancia nessa
regido por inervar vilosidades, vasos sanguineos e epitélio.

O VIP exerce diversas funcdes fisioldgicas intestinais como inibicdo do reflexo
peristaltico e na vesicula biliar (efeito motor inibitrio), estimulacdo da secrecéo
intestinal e gastrica (acdo secretomotora excitatoria), vasodilatacdo (efeito motor
inibitério) e liberacdo de horménios do pancreas (LAKHAN e KIRCHGESSNER, 2010;
HARMAR et al., 2012) (Fig. 4).

Essas acOes sdo mediadas através duas proteinas estruturalmente relacionadas
com a proteina G, os receptores VPAC1 e VPAC2. Esses receptores S0 expressos em
grupos distintos de células imunes, porém ambos sdo capazes de estimular sinais
bioquimicos intracelulares e mediar diversas respostas imunes (VOICE et al., 2002).

Os receptores VPAC séo altamente expressos em células T e macrofagos e, de
uma forma menos proeminente, em células dendriticas, mastocitos e neutrofilos. Além
disso, os niveis de expressao de VPAC1 e VPAC2 variam de acordo com a célula em
gue ele esta acoplado, ou seja, VPAC 1 é expresso em células T e macrofagos de uma
forma constitutiva, enquanto que VPAC2 apresenta relevancia funcional somente apos
ativacdo (QIAN, HAMMARSTROM e DANIELSSON, 2001; LANGER e ROBBERECHT,
2007)
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Evidéncias indicam que VIP desempenha um papel significativo na regulacéo
das funcdes do sistema imune frente a estimulos inflamatérios, influenciando a
migracgéo de células imunes e a geragdo de citocinas (YADAV e GOETZL, 2008). Nesse
sentido, foi verificado, em modelos experimentais de DC, que VIP pode exercer
potencial atividade terapéutica em doencas imunes humanas conduzidas pelo padrdo
Th2. Essa inferéncia baseia-se em estudos que apontaram que a administracdo de VIP
em animais com DC experimental foi capaz de reduzir a gravidade clinica e
histopatoldgica da doenca, além de amenizar a perda de peso e a ocorréncia de diarreia
(ABAD et al., 2003; ABAD et al.,, 2005). Complementando os varios efeitos anti-
inflamatorios observados anteriormente, Conlin et al. (2009) demonstrou que VIP
também é capaz de regular a permeabilidade epitelial in vitro, melhorando a colite
induzida por bactérias devido a protecao da barreira col6nica.

Adicionalmente, por ser um potente relaxante muscular (FURNESS, 2006),
facilitando a passagem do alimento no intestino, a desregulacdo de VIP pode ser
observada em diferentes disturbios gastrointestinais (ZHAO et al., 2013; DEL VALLE-
PINERO et al., 2015), porém o efeito inflamatério do VIP sera abordado a seguir.

1.4 ALTERACOES DO SISTEMA NERVOSO ENTERICO CAUSADAS PELA COLITE

Os disturbios motores observados em pacientes com colite ulcerativa, ativa ou
em remissao, sugerem modificacdes dos componentes neuromusculares entéricos
(células intersticiais de Cajal, neurénios entéricos e células musculares lisas) e sdo
extensamente examinados em diversos modelos experimetais de colite (KOON et al.,
2010; BERNARDINI et al., 2012; WINSTON e LI, 2013; ZHAO et al., 2013; ABAD et al.,
2015; UTSUMI ET AL., 2016; RAHMAN et al., 2016) e, menos frequentemente, em
bidpsias de pacientes (FONTGALLAND et al., 2014; DEL VALLE-PINERO et al., 2015).
Essas variacOes da inervacdo do TGI durante a colite pode ser explicada pela alta
densidade de receptores responsivos aos neurotransmissores e aos seus efeitos.

Nesse sentido, os principais efeitos da colite sobre o SNE foram apontados por
Moynes et al. (2014) e incluem: perda generalizada de neurbnios, aumento da
densidade axonal, alteracdes no conteudo neuroquimico, hiperexcitabilidade dos
IPANS e alteracdes na vasodilatacéo e/ou secrecgao.

A seguir, serdo apontadas as alteragbes no conteudo neuroquimico dos
neurdnios durante a colite experimental em camundongos e no curso da doenca

humana.
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1.4.1 ALTERACOES OBSERVADAS EM CAMUNDONGOS

Os neurbnios entéricos, as células musculares lisas e as células imunoldgicas
entéricas regulam a motilidade e o processo inflamatorio intestinal através dos sinais
guimicos (Ach, SP, NO, VIP, entre outros) que recebem. Dessa forma, alteracbes nos
conteudos neuronais, resultantes do processo inflamatorio, afetam o mecanismo
regulador desse processo, induzindo alteragbes funcionais no TGl (SARNA, 2006;
SARNA, 2010; SHI, WISTON e SARNA 2011).

1.4.1.1 OXIDO NITRICO E ACETILCOLINA

Devido as acfes ja mencionadas de NO e ChAT para o TGI, sabe-se que
mudancas nos niveis desses neurotransmissores na parede gastrointestinal resulta em
diversas caracteristicas observadas na inflamacé&o intestinal. Ao passo que a sua
administracdo exodgena dos mesmos pode ser responsavel pela restauracdo das
funcdes fisioldgicas e protecdo da mucosa através da manutencao do fluxo sanguineo,
inibicdo da adesdo de plaquetas e leucdécitos, modulacdo do estresse oxidativo e
estabilizacao do IkB (ALICAN e KUBES, 1996).

Apesar dessas evidéncias, estudos atuais ndo sdo conclusivos em relacdo as
modificacdes da inervacédo dos neurdnios nitrérgicos e colinérgicos no plexo mientérico.
Pesquisas em modelos de colite experimental espontanea e induzidas por DSS néo
demonstram alteragcéo quantitativa desses neurénios (WINSTON e LI, 2013; RAHMAN
et al.,, 2015), porém, a reducdo da densidade das fibras nervosas NOSn* e ChAT*
(RAHMAN et al., 2015) pode indicar diminui¢éo da liberagdo dos neurotransmissores
com possiveis implicagBes funcionais a longo prazo.

De acordo com essa hipétese, 0s mesmos autores avaliaram que, em animais
com prolapso retal (indicativo de maior severidade da doenca) houve perda da
inervagéo colinérgica mais proeminete do que em camundongos sem esse sinal clinico
(RAHMAN et al., 2016). Dessa forma, a perda de neurbnios ChAT* pode acarretar em
alteracOes graves na atividade contrétil retal e amplificacdo da gravidade da doenca,
uma vez que fibras colinérgicas possuem um papel anti-inflamatério potente
(MATTEOLI e BOECKXSTAENS 2013).
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1.4.1.2 SUBSTANCIA P (SP)

Conforme exposto anteriormente, a ativagdo de neurbnios aferentes primarios
peptidérgicos (via receptor de potencial transitorio vanildide do tipo 1 — TRPV 1),
abundantes na parede do célon, é acompanhada pela liberacéo de substancia P. Dessa
forma, a SP é amplamente expressa na inflamacado, resultando em alteracbes
histologicas e agravamento da colite experimental induzida pelo sulfato sédico e
dextrana (DSS) em camundongos (ELGEL et al, 2012). Os mecanismos
préinflamatorios da SP também foram demonstrados em colite experimental induzida
por oxalazone em animais knockout para o neuropepetideo. Neste mesmo estudo,
animais selvagem tiveram os niveis de citocinas proinflamatérias aumentados,
enguanto que a prote¢do em camundongos SP-- foi indicada pela quantidade diminuida
dessas citocinas (ELGEL et al., 2012).

Devido a regulacéo positiva da SP e do seu receptor (NK1) nas DIl, em humanos
e animais (STEINHOFF et al., 2014), o impacto da sinalizacdo via SP/NK1R nos
neurbnios entéricos tornou-se um alvo nas investigacdes sobre essas doencas em
modelos experimentais de colite (POOLE et al., 2015; UTSUMI et al., 2016).

Recentemente, Utsumi et al. (2016) demonstrou que a colite experimental
induzida por DSS aumentou a imunomarcacao de fibras SP* e o nivel de SP no célon,
bem como o numero de células positivas para o receptor NK1. Ao passo que, a
administracdo do Aprepitanto (antagonista do NK1R) reduziu significativamente a
severidade da colite, a infiltracdo de leucdcitos, o escore histolégico e atenuou a
liberacéo dos mediadores inflamatorios.

Esses estudos indicam claramente o papel regulador da interagcdo SP/NK1R para
a patogénese da inflamacéao intestinal. Dessa forma, pesquisas envolvendo a analise
de SP tendem a fundamentar os mecanismos da inflamagé&o no célon e contribuir para

o desenvolvimento de possiveis alvos terapéuticos.

1.4.1.3 PEPTIDEO INTESTINAL VASOATIVO (VIP)

Os efeitos do VIP exdgeno e enddégeno em modelos murinos de DIl foram
repetidamente testados e, ao menos em parte, 0s principais mecanismos de ac¢ao foram
descritos (DELGADO, 2002; YADAV, CHUAN e GOETZL, 2011; ZHAO et al., 2013; VU
et al., 2014; ABAD et al.,, 2015; DEL VALLE-PINERO et al., 2015). Estudos
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imunohistoquimicos realizados por Zhao et al. (2013) demonstraram o0 aumento de
fibras VIP* nalamina prépria, camada muscular e plexo mientérico em ratos com colite
experimental induzida por DSS. Anteriormente esse aumento no nivel de VIP em
tecidos inflamados era associado as acdes anti-inflamatdrias desse neuropeptideo
(DELGADO, POZO e GANEA , 2004; ABAD et al., 2003, GOMARIZ et al., 2005. ABAD
et al., 2005; ABAD et al., 2006; ARRANZ et al., 2006,), porém, atualmente, o papel do
VIP tem sido controverso e néo totalmente esclarecido principalmente nas DII.

Nesse sentido, € possivel destacar que em um modelo murino induzido por
TNBS, foi demonstrado que a administracdo de VIP intraperitonel exerceu efeito
protetor contra a inflamacé&o na mucosa (ABAD et al., 2003). Em contrapartida, Newman
et al.(2005) verificou que a infusdo continua de VIP nado reduziu as alteracdes
resultantes da colite.

Adicionalmente a esse efeito impreciso do VIP, Vu et al.,, (2014) revelou que
camundongos knockout para VIP (VIP ) sdo notavelmente resistentes a colite induzida
por DSS, monstrando pouco ou nenhum dano clinico e histopatoldgico. Os mesmos
autores obtiverem o mesmo resultado ao utilizar camundongos selvagens tratados com
antagonistas para o receptor VPAC1, inibindo assim a sinalizagcdo VIP/VPAC1 e
levando a supressédo da inflamacdo na mucosa colénica.

Baseados nisso, estudos vem demonstrando que a homeostase imune intestinal
ndo é controlada apenas pela quantidade de VIP ligante no tecido mas também pela
guantidade e qualidade da expressao dos receptores VPAC 1 e VPAC2 (YADAV,
CHUAN e GOETZL, 2011; ABAD et al., 2015).

Nesse cenario, Abad et al. (2015) demonstrou que camundongos knockout para
VIP, submetidos a colite experimental induzida por TNBS, ndo desenvolveram a
resposta clinica exacerbada esperada. Apesar do grau de infiltracdo de células imunes
no coélon estar aumentado, os animais apresentaram moderada perda de peso, danos
histoldgicos leves e diminuigdo dos niveis de TNFa e Interleucina 6 (IL-6).

De uma maneira geral, os estudos relatados acima sugerem que nem todas as
respostas imunolégicas sao afetadas da mesma maneira diante da auséncia ou
presenca de VIP, isto &, ele pode ser protetor ou responsavel pelo desencadeamento
das DIl, dependendo, ao menos em parte, do receptor que interagir. Essa hipotese é
sustentada pelo estudo de Yadav, Chuan e Goetzl (2011), o qual determinou a
importancia da ligacdo do VIP ao receptor VPAC 1 para patogénse das DIl e inferiu que

o receptor VPAC 2 pode mediar as a¢des anti-inflamatérias do VIP em colite induzida
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por DSS. Nesse estudo, os sinais clinicos, danos histologicos, atividade da
mieloperoxidase (MPO), niveis de citocinas pré inflamatérias e expressdo da
metaloproteinase 9 (MMP-9) em camundongos deficientes em VPAC1 apos
administracdo de DSS foram mais leves em comparacdo aos animais selvagens
submetidos ao mesmo modelo de inducdo. Ao passo que nao houve diferenca
significativa entre os animais VPAC2”- e animais selvagens submetidos ao DSS.
Dessa forma, pesquisas adicionais sdo necessarias para elucidar o0s
mecanismos envolvidos nesses fendtipos, investigando a expressao dos receptores
VPAC durante o curso da inflamacéo durante as DI, possibilitando o desenvolvimento

de drogas precisas.

1.4.2 ALTERACOES OBSERVADAS EM HUMANOS

Pacientes com DII, ou seja, DC e retocolite ulcerativa (RCU) apresentam varias
anormalidades estruturais e funcionais no SNE (GEBOES e COLLINS, 1998). Porém,
analises atuais das modificacdes do SNE em humanos ndo sdo descritas tdo
amplamente como nos modelos experimentais em animais.

Duas hipoteses para a escasses de estudos em humanos com DIl é a dificuldade
de acesso as amostras e a falta de padronizacao das técnicas para amostras humanas.
Dessa forma, as poucas avaliacoes do SNE em humanos n&o fornecem um mecanismo

bem elucidado a respeito das alteracdes funcionais e estruturais no TGI.

1.4.2.1 OXIDO NITRICO E ACETILCOLINA

De acordo com as poucas evidéncias das alteracbes no SNE de pacientes com
colite, é possivel observar a morte de neurdnios ChAT* (NEUNLIST et al., 2003;
JONSSON et al., 2007). Apesar de escassos, esses resultados estdo de acordo com
os achados em ratos com colite induzida por DSS (WILSTON et al., 2013).

1.4.2.2 SUBSTANCIA P E A ATIVACAO DO RECEPTOR TRPV1
A SP desempenha um papel proinflamatorio essencial através da modulagéo da

migracdo de leucoOcitos e do extravassamento de plasma. Esse processo €

acompanhado pela hipersensibilidade visceral e pode ser associado a dor aguda em
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pacientes com DIl, uma vez que o aumento nos niveis da expressdo de TRPV1 foi
observado em bidpsias col6nicas (YIANGOU et al., 2001, KUN et al., 2014;).

O aumento da expressao de TRPV1 também foi correlacionado com a gravidade
da dor em pacientes com DIl em remissao clinica, indicando esse receptor neuronal
como um importante preditor de hipersensibilidade visceral (AKBAR et al., 2010).
Adicionalmente, um estudo realizado com células TCD4* humanas e animais knockout
para TRPV1 demonstrou reducéo na producao de citocinas inflamatérias, reforcando a
importancia dessa via para a regulagéo dos mecanismos envolvidos na dor visceral dos
pacientes com DIl (BERTIN, 2014).

Estudos mais recentes, realizados com segmentos do colo de pacientes com DI,
também verificaram um aumento significativo de TRPV1 e fibras SP* na submucosa
nos pacientes com colite ulcerativa (FONTGALLAND et al., 2014). Além disso, também
foi demonstrado por esses autores a reducdo nas fibras nNOS™* ocorreu apenas em
pacientes com DC, mas ndo em amostras de RCU. Essa mudanca fenotipica vai de
encontro aos achados anteriores que demonstraram o direcionamento da
subpupopulacdo colinérgica para expressao aumentada de SP frente ao processo
inflamatorio (NEUNLIST et al., 2003).

1.4.2.3 PEPTIDEO INTESTINAL VASOATIVO

Gomariz et al. (2005) mostrou que VIP é um componente importante
para regulacdo fisiologica das funcBes intestinais, entretanto, em condicdes
patoldgicas, os niveis de VIP foram associados com a atividade clinica em doencas
inflamatorias (YUKAMA et al., 2007; FONTGALLAND et al., 2014, DEL VALLE-PINERO
et al., 2015). Alguns estudos em modelos animais descrevem um aumento, diminuicéo
ou nenhuma alteracao significativa na proporcdo desse neurotransmissor. Além disso,
o potencial de VIP em direcionar o perfil de citocinas padrao Linfocito T helper 1 (Thl)
ou Linfécito T helper 1 (Th2) nas DIl ja foi demonstrado (NIESSNER, 1995; DELGADO,
2002).

Diante desses estudos, YUKAWA et al. (2007), examinou pela primeira
vez a localizacdo do receptor para VIP no intestino humano. Através de técnicas de
imuno-histoquimica, os autores verificaram que o receptor esta amplamente expresso
em células T inflamatorias infiltrantes na mucosa e lamina propria dos pacientes com

colite ulcerativa ativa. Segundo os autores, a diversidade das células inflamatorias
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VPAC1* nos pacientes com DIl contribui para as diferencas no padrdo de resposta
Th1/Th2 na patogénese da DC) e colite ulcerativa, respectivamente. Essa afirmacao
baseia-se na relacdo do numero de células T VPACL1* e 0 aumento de Interleucina 4
(IL-4) na mucosa intestinal, refletindo no padrdo Th2 nos pacientes com colite
ulcerativa. Enquanto que a ativacao das citocinas padrao Thl observados em pacientes
com DC, foi associada a marcacao da infiltracdo de macréfagos VPAC1* na mucosa.
A expressao significativamente aumentada de VIP circulante também
foi observada em pacientes com a sindrome do intestino irritavel, intensificando a
hipotese de neuromodulacéo do neurotransmissor tanto no desenvolvimento quanto na
continuacdo dos sintomas em doencas cronicas do TGIl. Entretanto, os autores
ressaltam a importancia de avaliar os niveis da expressao de VIP na mucosa col6nica
simultaneamente a dosagem no sangue total devido aos varios fatores potencialmente
interferentes, como hormaonios intestinais (DEL VALLE-PINERO et al., 2015).

1.5 TRATAMENTOS DE COLITE

Segundo Fiocchi (2014), a escolha de uma terapia apropriada € um dos multiplos
problemas ainda sem resposta no que diz respeito as DIl. As alternativas terapéuticas
medicamentosas disponiveis atualmente incluem agentes aminossalicilicos (5-ASA),
esteroides e farmacos imunossupressores, utilizados para controlar a geracdo de
citocinas e mediadores pro-inflamatoérios na mucosa inflamada (BURGER e TRAVIS,
2011; VELIKOVA et al., 2017).

Conforme Moss (2015), desde a introducéo do Infliximabe, em 1998, terapias
biolégicas vém sendo pesquisadas e utilizadas no tratamento das DIl. Colombel, Narula
e Biroulet (2016) descrevem que houve uma mudanca no foco das estratégias
terapéuticas do simples controle dos sintomas e melhoria na qualidade de vida para o
bloqueio da progressao da doencga, a fim de prevenir o dano e a incapacidade intestinal.
Entretanto, os tratamentos atuais visam a doenca ja estabelecida e, mesmo os agentes
mais potentes, ndo sdo capazes de prevenir ou reverter danos cronicos. Os autores
sugerem que tratar de forma eficaz e precocemente, em um periodo que denominaram
de “janela de oportunidade”, pode bloquear a progressdo da doencga, bem como os
danos intestinais resultantes.

A utilizacao dos glicocordicoéides é limitada pela deficiéncia na cicatrizacdo da

mucosa e pelos efeitos adversos associados ao uso permanente dessa terapia, como
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retardo de crescimento, hiperglicemia, retencdo de liquidos, alteracées do humor e
psicose, glaucoma, catarata, acne, atrofia de pele, osteonecrose, osteoporose e
miopatia (RUTGEERTS, 2001; MOEENI e DAY, 2011; MRAKOTSKY et al., 2013).

Além das alternativas medicamentosas, a intervencdo dietética também vem
demonstrando importancia no tratamento das DIl. Sabe-se que, dentre os fatores
ambientais envolvidos na patogénese das DIl, a dieta representa um importante
componente por ser capaz de influenciar a microbiota intestinal, bem como modular
componentes da inflamacao intestinal (D’HAENS et al., 2014; HARPER e ZISMAN,
2016). Gunasekeera et al. (2016) demonstraram que, em pacientes com doenca de
Crohn, alguns alimentos (carne bovina, carne de porco, ovo e leite) estimulam a
producdo de anticorpos IgG4, os quais induzem a degranulacdo dos mastocitos,
resultando na hipersecrecdo da mucosa, aumento da permeabilidade vascular e
recrutamento de neutréfilos e eosindfilos, refletindo na exacerbacdo da inflamacéo.
Com isso, 0s autores apontam a dieta de exclusdo guiada por IgG4 como um promissor
agente adjuvante para melhorar a qualidade de vida e os sintomas em pacientes com
DlI.

Estudos recentes, desenvolvidos no Laboratorio de Neurociéncia Entérica da
UEL, apontam a fototerapia como outra abordagem terapéutica promissora para o
tratamento das DIl. Belém et al. (2016) examinaram o efeito da terapia com diodos
emissores de luz (LED) no controle do processo inflamatério induzido por colite em
camundongos. Os autores observaram o efeito protetor do LED através de diversos
parametros inflamatérios como, por exemplo, diminuicdo do infiltrado inflamatério em
todas as camadas intestinais, menor atividade da meiloperoxidase, redugéao do escore
microscopio de dano tecidual e inibicdo da secrecédo de citocinas proinflamatorias. Além
disso, o tratamento com LED foi capaz de restaurar a velocidade de transito intestinal
e as dimensdes (comprimento, diametro e area total) normais do colon.

Esses resultados direcionam as DIl como uma area de grande interesse para a

pesquisa e desenvolvimento de terapias alternativas.

1.6  VIMPOCETINA: UMA POSSIVEL ALTERNATIVA TERAPEUTICA PARA
COLITE?
A terapia de manutencdo para RCU é essencial para a qualidade de
vida do paciente e na reducao do agravamento da doenc¢a, uma vez que se nao tratada

apresenta episédios de recidivas 5 vezes maiores, aumentando o risco de desenvolver
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cancer colorretal (POTACK, 2008). Esse aumento na pré-disposicdo esta associado a
exacerbacdo das reacdes imunoldgicas observadas no quadro ativo da RCU
(YU,2009). Dessa forma, controlar a ativagdo das células imunoldgicas e a producdo
excessiva dos mediadores inflamatérios pode desempenhar um papel chave no
tratamento da RCU.

Entre os fatores de transcricdo envolvidos no processo inflamatério, o fator
nuclear de cadeia leve kappa potenciador de células B ativadas (NF-kB), desempenha
um efeito fundamental na expressao dos genes que contribuem para a patogénese das
DIl. Em condices epiteliais intestinais normais, o NF-kB (subunidades p65 e p50) esta
inativo no citoplasma através da ligacdo com Ikb (subunidade inibitoria). Entretanto,
frente a diferentes estimulos inflamatorios, a subunidade inibitoria € fosforilada,
ubiquitinada e conduzida para a degradacgao via proteossoma, liberando a translocacéo
do NF-kB para o nucleo. A ligacao do fator de transcricdo em sitios especificos do DNA
especifico induz a transcricdo de genes pro inflamatérios como Interleucina 1 beta (IL-
1B), Ciclo-oxigenase 2 (COX-2), IL-6, Interleucina 22 (IL-22) e iNOS (DIAZ-RIVAS et
al., 2015; OJEDA et al.; 2017; RAJA et al., 2017; TEWARI et al., 2017).

Atualmente, diversos modelos de colite experimental (FENG et al.,, 2014;
RASHIDIAN et al., 2016; JEENGAR et al.; 2017; JIN et al, 2017) vem demonstrando o
papel regulador do NF-kB na patogénese da doenca através da imunomarcacédo da p65
no nucleo, altos niveis no soro e no tecido inflamado de citocinas pré inflamatdrias, alta
atividade da mieloperoxidase e aumento dos escores histolégicos e do indice de
atividade da doenca. Paralelamente aos efeitos inflamatérios, os autores demonstraram
gue ao administrar drogas bloqueadoras da via do NF-kB os sintomas clinicos sédo
aliviados, os parametros inflamatérios sdo reduzidos ou até mesmo extintos,
melhorando assim a gravidada da inflamacéo do colon. Esses dados contribuem para
o desenvolvimento de novas alternativas terapéuticas para RCU.

Nesse cenario, a vimpocetina torna-se um alvo promissor no tratamento da RCU
pois um dos seus mecanismos de acado envolve a inibicdo da sinalizacao intracelular
via NFKB. A vimpocetina é um éster etilico sintético produzido a partir da vincamina, um
alcaloide extraido da planta Vinca minor. O nome quimico da vimpocetina é etil de
apoincaminato e sua estrutura € mostrada na Figura 5. A Vimpocetina é um sélido
branco, com peso molecular de 350,5 g/mol, soltvel em etanol a 100%, dimetilsulfoxido
e acetona (LORINCZ, SZASZ e KISFALUDY, 1976).
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Figura 5: Estrutura quimica da vimpocetina.

Desde a sua descoberta, a vimpocetina tem sido amplamente utilizada para
melhorar a circulagdo cerebral e funcdo cognitiva e, atualmente, est4d sendo
implementada na dieta como um suplemento para prevencdo de desordens
cerebrovasculares, como acidente vascular cerebral (AVC), deméncia e
comprometimento de memoria (SHANG, 2016; SOLOVYEVA, 2017; SWART et al.,
2017). Outros efeitos protetores da vimpocetina sdo descritos em lesdes na retina,
testiculares e renais (FATTORI et al., 2017; NIVISON-SMITH et al., 2017; SONMEZ et
al., 2017).

Importante destacar que estudo em animais demonstrou a sua eficacia na
prevencao de lesbes da mucosa gastrica induzidas por etanol a 95%, tanto por
administracdo oral quanto intraperitoneal. A atividade anti-Ulcera da vimpocetina
também foi demonstrada, com reducéo na secrecdo de acido gastrico (NOSALOVA,
MACHOVA e BABULOVA, 1993). Nao sao descritos efeitos colaterais significativos
decorrentes do uso da vimpocetina (FEIGIN et al., 2001; SZATMARI e WHITEHOUSE,
2003). A vimpocetina possui diferentes alvos celulares e mecanismos de agéo, os quais
conduzem a sua atividade vasodilatora, antioxidante e neuroprotetora bem
estabelecida (ZHUANG et al., 2013; WU, 2017; ZHANG et al., 2017).

Estudos recentes, (MIYAZAWA et al., 2015; FATTORI et al., 2017) relatam o papel
anti-inflamatoério da vimpocetina por suprimir a liberacdo de fatores inflamatorios, tais
como interleucina-1p (IL-1pB), interleucina 6 (IL-6), moléculas de adeséo, selectinas e
fator de necrose tumoral-a (TNF-a). O mecanismo da vimpocetina envolvido nessa
protecédo, descrito pela primeira vez por Jeon et al., (2010), € a inibicdo da ativacéo do
fator de transcricdo NFkB e, subsequente, reducédo da transcricdo de moléculas pro-

inflamatorias. Os autores demonstraram que a inibicéo foi dependente da segmentacéo
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direta de IKK (Fig. 6), de forma independente das acdes ja estabelecidas da
vimpocetina em canais de sodio, calcio e Fosfodiesterase tipo 1 (PDE-1). Além disso,
a adesdo de mondcitos, quimiotaxia e infiltracdo de polimorfonucleares, processos
considerados criticos durante a inflamacgéo, também foram reduzidos pés tratamento

com vimpocetina.

TNF.G. lL'1ﬁo lL'ao ch"'1
VCAM-1, MCP-1, MIP-2

_II_ J

Resposta inflamatoria

Figura 6: Diagrama esquematico que descreve como a vimpocetina inibi a resposta inflamatoria in vitro

e in vivo dependente de NFkB. Tal como indicado, vimpocetina inibe NFkB na resposta inflamatéria por

direcionamento direto de IKK, independente da sua a¢gdo bem conhecida sobre a PDE-1 e regulacdo de
Na+, Ca2+ (Adaptado de Jeon et al., 2010)

Zhuang et al.,, (2013) observaram que moléculas pro-inflamatorias, como
espécies reativas de oxigénio (EROs), IL-6, TNF-a e metaloproteinase-9 (MMP-9),
liberados por macrofagos que fagocitaram LDLox, sdo inibidas pela vimpocetina.

A ativagdo das microglias, os macréfagos residentes, constitui um evento inicial
para o AVC. Uma vez ativadas, produzem mediadores inflamatorios (6xido nitrico, IL-
1B, IL-6 e TNF-a) que contribuem para os danos isquémicos no cérebro. A vimpocetina
foi capaz de inibir a proliferacdo dessas células por meio de NFkB/AP-1, suprimindo a

liberacéo dos fatores inflamatérios (ZHAO et al., 2011).



43

A vimpocetina € um derivado sintético da vincamina amplamente comercializada
por diversos laboratérios, como Biovea, Source Naturals, Century, Newton-Everett
Biotech e Marjan Farma. As formas mais comuns de apresentacdo disponiveis no
mercado sdo comprimidos de 5, 10 ou 30 mg. Conforme a bula do Vicog® (Marjan
Farma), aprovada pela ANVISA em 2015, o medicamento é contraindicado para
menores de 14 anos e gestantes sem orientacdo meédica. Entrentanto, ndo ha restricées
especificas para as demais faixas etarias, sendo bem tolerado nas doses
recomendadas. O custo da vimpocetina pode ser considerado baixo, apresentando
uma faixa de preco entre R$ 30,00 e R$ 50,00 dependendo do laboratério,
apresentacao e quantidade de comprimidos da embalagem.

As inumeras evidéncias do papel anti-inflamatério da vimpocetina no sistema
nervoso central, conduziu-nos a hipotese de que ela poderia exercer esses mesmos
efeitos protetores em situacdes patoldégicas que envolvessem 0 sistema nervoso
periférico, sobretudo em doencas relacionadas com distirbios gastrointestinais,

resultantes de alterac6es na atividade do sistema nervoso entérico.
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2 OBJETIVOS

2.1 Objetivo geral

Investigar o efeito da administracdo oral de vimpocetina (30mg/kg) sobre a
morfofisiologia do plexo mioentérico do célon de camundongos com colite experimental

induzida por acido acético.

2.1.1 Objetivos Especificos

o Avaliar a densidade populacional e morfometria do corpo celular de
neurdnios mioentéricos gerais do célon de camundongos com colite tratados
com vimpocetina.

o Avaliar a densidade populacional e morfometria do corpo celular de
neurbnios mioentéricos nitrérgicos do colon de camundongos com colite
tratados com vimpocetina.

o Examinar a distribuicdo de fibras nervosas nociceptivas (Susténcia P
positivas) na parede do célon de camundongos com colite tratados com
vimpocetina.

o Investigar a presenca de fibras de neurdnios produtores de peptideo

intestinal vasoativo.
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Background: Inflammatory bowel disease (IBD) is a group of chronic and relapsing
inflammation that affects the gastrointestinal tract (GIT). IBD usually causes damage to
enteric nervous system (ENS) and, no gold standard treatment is available. Due its anti-
inflammatory property, we aimed to evaluate the effect of treatment with vinpocetine on
the ENS structure in inflamed colon.

Methods: Distal colitis was induced by rectal administration of 7.5% acetic acid in Swiss
mice. Mice were treated with vinpocetine (30 mg/kg/v.0.) 2 hours before and 4, 10 and
16 hours after of colitis induction. Mice were euthanized at 18h post-acetic acid
administration. Protein gene product 9.5 (PGP9.5), neuronal nitric oxide synthase
(nNOS), choline acetyltransferase (ChAT), vasoactive intestinal peptide (VIP) and
substance P (SP) were detected by immunofluorescence in whole mounts of myenteric
plexus and sections of distal colon.

Results: ENS was present in the inflamed colon and the number of myenteric neurons
unchanged. On the other hand, general myenteric neurons were hypertrophied and
nitrergic myenteric neurons were atrophied. Besides, the number of VIP* and SP* fibres
was apparently increased. No changing was observed for cholinergic neurons. The
treatment with vinpocetine improved partially the morphometric alterations observed in
cell bodies, but had no effect on the VIP* and SP* fibres.
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Conclusions: Vinpocetine low protective effect for the ENS in acetic acid-induced colitis
mice.
Key words: ulcerative colitis, anti-inflammatory drugs, neuroplasticity,

neurotransmitters.

INTRODUCTION

Inflammatory bowel disease (IBD) is a group of chronic and relapsing
inflammation that affects the gastrointestinal tract (GIT). Ulcerative colitis (UC) and
Crohn's disease (CD) are the two main forms of IBD'2. Both are considered a public
health problem due to the increasing incidence in a productive age group (20 to 30
years), especially in developing countries, with significant personal and social impacts.
Although the pathogenesis of these diseases is not well understood, evidence suggests
that the interaction of environmental, genetic, microbiota and immunological
components are involved in the initiation and progression of IBD3®.

The main clinical manifestations are abdominal pain, diarrhoea, bloody stools
and weight reduction®. Abdominal pain and diarrhoea suggest functional alterations
resulting from the rupture of neural control of the intestine, performed by intrinsic
neurons of the GIT (enteric nervous system - ENS) and extrinsic reflexes (sympathetic
and parasympathetic pathways).”?2 Regarding the ENS, its two ganglionated plexi
(submucosal and myenteric) usually undergo structural alterations in IBD%12,

Due to the functional implications caused by the structural changes of the ENS,
many studies have sought to trace a profile of modifications in the production of
neurotransmitters and their receptors in experimental models of IBD. In this sense,
studies have demonstrated impairment of myenteric neurons that produce
acetylcholine, nitric oxide, vasoactive intestinal peptide (VIP) and substance P
(SP)>111315  As these neurotransmitters may be present in afferent neurons,
interneurons and motor neurons?®, it is suggested that the intense inflammation
observed in IBD causes changes in myenteric neuronal circuits that may be related to
the motility disorders observed in this disease!”18. It is worth noting that besides these
neurotransmitters modulate the functioning of neurons and smooth muscle cells, VIP
and SP also modulate the activity of cells of the immune system present in the intestinal

wall19-21,
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Fortunately, neuronal circuits altered by GIT diseases tend to adapt in order to
recover function. This neuronal adaptation may be of great importance for the relief of
IBD symptoms, if it is successful. Therefore, the study of enteric neuroplasticity in IBD
is fundamental for the development of therapeutic interventions that have intrinsic
innervation as the target, since the current treatments are aimed at restoring the
mucosa, not being completely effective in reducing the symptoms, besides they have
long-term side effects??.

Due to structural changes in the ENS come from intense inflammation of the
intestinal wall, the use of NFkB inhibitors may be considered a possible treatment
alternative to be investigated. NFkB inhibitors have been shown to have important anti-
inflammatory effects by reducing proinflammatory cytokines and inhibiting the
generation of reactive oxygen and nitrogen species. 232°

Vinpocetine (phosphodiesterase type 1 inhibitor) is a safe nootropic produced
from an alkaloid extracted from the Vinca minor plant?®, Since its discovery in 1978, this
drug has been demonstrating beneficial effects in brain-vascular disorders and, more
recently, its anti-inflammatory role has been highlighted due vinpocetine is able to inhibit
NF-kB-dependent inflammation response?’. Therefore, we hypothesized that
vinpocetine could act as an anti-inflammatory in an acetic acid-induced experimental
colitis model and contribute to restore ENS changes caused by IBD.

In the present study we showed what experimental colitis induced by acetic acid
resulted histologic damages in the colon and on the ENS. Furthmore, we analyzed the
effect of oral treatment with vinpocetine, an interesting anti-inflammatory against colitis

induced by acetic acid.

MATERIALS AND METHODS

Animals
Swiss mice (28.7+5.2g) from the Universidade Estadual de Londrina, Parana,
Brazil, were used in this study. Mice housed in standard clear plastic cages with free

access to food and water and a light/dark cycle of 12-12h at 21°C.

Groups Experimentals
Forty-five mice were randomly assigned into three experimental groups
(n=15/group): (1) Control: healthy animals; (2) Colitis: colitis mice with no treatment; and
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(3) Colitis + Vinpocetine: colitis mice treated with vinpocetine. Mice received orally
administration of vinpocetine (vinpocetine powder at >98% purity (Santa Cruz
Biotechnology, Dallas, Texas, USA) (30 mg/kg, 150 pL) or vehicle (80% sterile saline +
20% tween 20) 2 hours before and 4, 10 and 16 hours after of colitis induction. The dose
of 30 mg/Kg vimpocetin was determined according to previous studies which

demonstrated antiinflammatory effect on different models of inflammation?2829:30-

Colitis Induction

Colon inflammation was induced as previously described with modifications32.
Mice were fasted for 12 h and anesthetized with ketamine hydrochloride (80 mg/kg, i.m.)
and xylazine hydrochloride (10 mg/kg, i.m.). Initially, all mice received 100 uL of saline
through the rectum using a 3 cm-polyethylene cannula. Colitis was induced by rectal
administration of 200 pL of acetic acid 7.5% (pH 2.5). Control group received same

volume rectal administration of saline instead.

Euthanasia And Tissue Collection

After 18 hours of induction of colitis, all mice were euthanized using an
euthanasia chamber with halothane vapour saturation (Tanohalo®, Cristalia Produtos.
Quimicos LTDA, Itapira — SP/Brazil). Colon extraction was performed and its total length

were measured.

Evaluation of Microscopic Lesion
For microscopic analysis, one centimeter-fragments of the distal colon were fixed
in paraformaldehyde 4% for 3 hours, processed for paraffin embedding and hematoxylin
and eosin staining. Microscopic lesions of distal colon sections were examined at 100
and 200x magnification considering the following alterations in the colonic tissue: loss of
mucosal architecture, cellular infiltrate, edema of the submucosa and abscess formation

in the crypts.

Immunofluorescence
A 1 cm distal segment of each colon was used to froze in O.C.T. compound
(Tissue-Tek®, Sakura Finetek — USA). Colonic cross-sections were made using a

cryostat (Leica 1850), which were submitted to standard immunofluorescence technique
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in order to label neuronal structures using primary antibodies for protein gene product
9.5 (PGP9.5), neuronal nitric oxide synthase (nNOS), choline acetyltransferase (ChAT);
vasoactive intestinal peptide (VIP) and substance P (SP), as shown on the Table 1.
The remaining colons were washed with 0.1 M Tampéao Fosfato-salino (PBS) (pH
7.4) and fixed using Paraformaldehyde 4% fixative solution for 3 hours at room
temperature. The colons were stored in 0.1 M PBS, pH 7.4, containing 0.08% sodium
azide at 4°C for microdissection using a stereomicroscope. Whole mounts containing
the external muscular layer and myenteric plexus were processed according to standard

immunofluorescence technique using the primary antibodies for PGP9.5 and nNOS.

Qualitative Analysis

This analysis was made using the colonic cross-section. It was observed the
presence of neuronal structures from the ENS considering the general population
(PGP9.5) and the nitrergic, VIPergic and SP-containing neuronal subpopulations. Cell
bodies and extensions in all layers were observed and compared between the three

experimental groups.

Quantitative Analysis

The total number of cell bodies of myenteric neurons immunolabelled for PGP
9.5 and nNOS was counted in 32 images / mouse / group obtained from a fluorescence
microscope (Axioscop Plus light microscope, Carl Zeiss, Jena, Germany) using a 20x
objective. Each image had 0.0014 cm? and the number of neurons was projected to 1
cm? to calculate the population density of myenteric neurons. Besides, immunoreactivity
of 100 myenteric cell bodies from each mouse were measured for their area (um?) of
labelling for PGP9.5 and nNOS using Image Pro-Plus 4.5v software (Media Cybernetics,
Rockville, MD, USA).

Statistical Analysis

All data were expressed as the mean+SEM. Data were analysed to determine
the distribution using the Shapiro-Wilk test. Significant statistical differences were
identified using the two-way ANOVA test, followed by Bonferroni post hoc test. For this
purpose, the GraphPad Prism6 software (GraphPad Software Inc., San Diego, CA,

USA) was used. The significance level was set to 5%.
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ETHICAL CONSIDERATIONS

Animal care and handling procedures were approved by the Ethics Committee of
the Universidade Estadual de Londrina (process number 15933.2016.37). All efforts

were made to minimize animals’ suffering and to reduce the number of animals used.

RESULTS

Acetic acid administration to mice induced an inflammatory response
characterized by inflammatory infiltrate in all intestinal layers, mainly in the mucosa and
submucosa, loss of the structure of the mucosa and edema in the submucosa layer.
Treatment with vimpocetine preserved the mucosal architecture, reduced infiltration of
immune cells, and partially decreased colitis-induced edema (Fig. 1 A-C). The
gualitative analysis in sections showed degeneration of the mucosa and edema of the
submucosa in all colitis mice (Fig. 2 A-C). In the external muscle of the colitis mice, it
was possible to see the myenteric plexus with neurons positive for PGP9.5, nNOS (Fig.
2 D-F) and ChAT (Fig. 2 G-I) apparently without morphologic changes. nNOS* fibres
were innervating the external muscle, mucosa and muscularis mucosae, but no
morphologic changes were observed because the inflammation (Fig. 3 A-B). Cholinergic
neurons were seen in the myenteric and submucosal plexi without changing provoked
by the inflammation (Fig. 3 C-D). The treatment with vinpocetine improved partially the
edema of the submucosa (Fig. 1C) and did not interfere in the presence of nNOS* and
ChAT™ structures in the myenteric and submucosal plexi (Fig. 2 and Fig. 3). Regarding
the labelling for VIP and SP, it was observed an increase of the both fibres mainly in the
muscle layer and also in the mucosa (except for SP) of the colon from colitis mice, which
was not altered by the treatment with vinpocetine (Fig. 4).

The quantitative analysis in whole-mounts showed no changing in the number
of general (PGP9.5*%) and nitrergic (nNOS™*) myenteric neurons because the colitis or the
treatment with vinpocetine (p > 0.05; Table 2; Fig. 5). Regarding the size of myenteric
neurons, the colitis provoked an increase of 38.7% in cell bodies of general neurons and
reduced the cell bodies of nitrergic neurons about 20%. The treatment with vinpocetine
improved partially these morphometric changes, but not reaching the control level (p <
0.05; Table 3). Besides, the total length of colon was not altered by the colitis (5.9+0.3

cm) or the treatment with vinpocetine (6.5+0.3 cm) in relation to control (6.9+0.8 cm).
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DISCUSSION

In this report, we evaluated structural alterations of ENS in acetic acid-induced
colitis mice and the effect of the treatment with vinpocetine. Vinpocetine is a drug well
established for the treatment of cerebro-vascular disease and cognitive impairment3?,
since vinpocetine demonstrates to improve brain blood flow causing enhancing oxygen
and glucose supply for neurons®?-34, Besides, vinpocetine demonstrated property to
inhibit NF-xB-dependent inflammatory response by directly targeting IkappaB kinase
complex?’, thus it has been considered an anti-inflammatory drug. For this reason, as
the colitis can be developed via several inflammatory mechanisms including the NF-kB-
dependent inflammatory response?®®, we hypothesized if vinpocetine could control the
inflammation process caused by the acetic acid administration and protect the damage
caused to the ENS in colitis mice.

According to results using the general neuronal marker PGP9.5, the structure
of the ENS was preserved in colitis mice. Myenteric ganglia were visualized in cross-
sections and neuronal extensions were present in the external muscle layer. Rare
submucosal ganglia and several mucosal nerve fibres were also visualized. nNOS*
fibores were observed innervating several structures, but they were not increased
because the inflammation. DSS-induced colitis in mice provoked increase of labelling of
NNOS and production of nitric oxide after 6 days post induction, which was correlated to
lesions normally observed in the disease?®®. Interestingly, it was demonstrated that the
DSS-induced inflammation causes an upregulation of neuropeptide Y (NPY) and then
an increasing of nNOS™ fibres. Despite the intense inflammation provoked by the
administration of acetic acid, we did not observe increase or reduction of NNOS* fibres
probably because the time course of the experiment (18h). It means that alterations of
the ENS because inflammation probably happens after 18h. This suggestion can be
supported by Sung (2006)3” which showed that acetic acid-induced colitis in rats did not
alter the circular muscle contraction even 48h post induction. We used 18h as time
course considering our previous studies which showed intense inflammation after the
colitis induction with acetic acid at this time point38.

We observed in colonic cross-sections that the mucosa and submucosa were
damage in colitis mice as extensively described on the literature34%41, Despite the
submucosal plexus and myenteric were visible, the innervation of the mucosa,

submucosa and external muscle was changed. There was an increase of SP- and VIP-
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containing fibres, which probably have different functional implications. Increasing of
SP* fibres happened mainly in the external muscle and poorly in the mucosa as also
observed in previous studies*?“3. SP released by enteric neurons can alter the function
of the muscularis mucosae, external muscle, smooth muscle in the blood vessels,
epithelial ion transport and immune cells via the neuronkinin-1 receptor'®44, In colitis,
SP is usually increased and it was associated with weight loss, diarrhoea, rectal
bleeding, colon shortening, increasing of MPO, TNF-a and Interferon gamma (IFN-y) in
DSS-induced colitis 324445, Besides the effector response for the releasing of SP, were
demonstrated the potential association of SP with pain receptors (TRPV1) and fibres in
the colon#®#’, Since capsaicin (an agonist for the TRPV1 receptor) provokes greater
releasing of SP in inflamed colon compared with non-inflamed#?, the increasing of SP*
fibres could be correlated with the intense abdominal pain complained by IBD patients.
Recently, it was demonstrated co-localization of TRPM8 and SP in inflamed colon“®,
which have been considered one pathway to trigger abdominal pain in IBS patients. The
treatment with vinpocetine did not change the increasing of SP* fibres in colitis mice.

Regarding the increasing of VIP* fibres, it is known that this peptide has a
regulator role for the intestinal immune pathways'>#3%0 and also causes relaxation of
the smooth muscle cells®'. Many studies have demonstrated the involvement of VIP in
experimental colitis*35253 and in IBD patients?%46:5%.. The absence of VIP secretion
causes attenuation of inflammatory responses from mice exposed to DSS®3. However,
rats exposed to DSS with signs of colitis demonstrated no changing of VIP* fibres*3.
Rather than VIP secretion, studies have highlighted the importance of its receptor for
the pathogenesis of experimental colitis. There are two receptors for VIP: VPAC1 and
VPAC2. Knockout mice for VPAC1 does not develop acute colitis when exposed to DSS;
on the other hand, knockout mice for VPAC2 and wild-type mice develop acute colitis®?.
Further, an experimental study using VPACL1 receptor-specific antagonist in DSS-
exposed mice demonstrated resistance to induce colitis®®. In humans, it was showed
that VPACL1 is increased in ulcerative colitis patients mainly in innate immune cells
positive for TNF-a located in the lamina propria and submucosa?!.All these results
support the importance of VPACL1 receptor for the pathogenesis of experimental colitis.
The treatment with vinpocetine did not improve the increasing of VIP* fibres in colitis
mice.

Regarding the counting of myenteric neurons, we observed no changing
because the inflammation and we attributed this result also to time course of this
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experiment (18h). Probably, loss of myenteric neurons requires more time facing
inflammation. Unaltered number of myenteric neurons could also support the Sung’s
results (2006)37 that showed no changes in the colonic circular muscle contraction in
rats with acetic acid-induced colitis 48h post induction. In order to highlight the relevance
of the exposition time of myenteric neurons to intestinal wall inflammation, it was
revealed that Winnie (Win/Win) mice and knockout mice for TLR4, which spontaneously
develop colitis, showed loss of myenteric neurons after 12-16 weeks old*! or 9-10 weeks
old>* respectively. Considering chemical agent-induced colitis, rats exposed to DSS for
7 days also had reduction of myenteric neurons, specially in the distal colon®®. Other
study showed that rats exposed to dinitrobenzene sulfonic acid (DNBS) also showed
loss of myenteric neurons®8. Despite the unchanged number of myenteric neurons, we
observed that general myenteric neurons were hypertrophic and nitrergic neurons were
atrophic because the colitis and the treatment with vinpocetine improved patrtially this
effect. As the number of nNOS* fibres apparently did not change because the
inflammation, we suggest that alterations in the cell body not always implicate in
modification on the neuronal extensions. Morphometric alterations can be considered
indicative of neuroplasticity and this cellular behaviour is very important to survival of
neurons®’%8, Alteration of the neuronal cell body area is a very common finding in
several studies evaluating the ENS, but this parameter has been neglected in most of
investigations involving experimental colitis. For this reason, there is no previous
information about neuronal cell body area in inflamed colon of colitis mice.

Considering the treatment with vinpocetine, the alterations that we observed in
the ENS because the inflammation induced by acetic acid did not improve or improved
partially. The complexity of colitis could explain this result. Although the aetiology of
colitis has not been clearly demonstrated, there are indication that different inflammation
mechanisms are involved. It has been described upregulation of cyclooxygenase
(COX)-2 or inducible nitric oxide synthase (INOS), and commitment of transcription
factors, e.g. nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB),
signal transducer and activator of transcription (STAT) family, and activator protein 1
(AP-1)%5. Among these, vinpocetine is able to inhibit only NF-kB-dependent
inflammatory response. Thus, the other inflammation pathways probably keep working
even under vinpocetine effect. The importance to control different transcript factors in

the colitis was demonstrated by the treatment with rosmarinic acid, which exhibited an
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ameliorating of the disease due its capacity to inhibit NF-xB and signal transducers and
activators of transcription (STAT3) activation34.

In conclusion, acetic acid administration was able to induce inflammation with
histopathological changes, provoked increasing of VIP* and SP* fibres, caused
hypertrophy of general myenteric neurons and atrophy of nitrergic myenteric neurons.
The treatment with vinpocetine did not improve the alteration of VIP* and SP* fibres, but
ameliorated partially the morphometric alterations observed in the myenteric neuronal

cell bodies.
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Table 1 - Antibodies used for immunofluorescence.

Tissue Antigen Producing Dilution  Manufacturer Code
Species

PGP9.5 Rabbit 1:1000 Abcam AB27053

PGP9.5 Mouse 1:750 Abcam AB8189

NNOS Rabbit 1:1000 Santa Cruz SC8309

ChAT Goat 1:100 Millipore AB144P

VIP Goat 1:500 Santa Cruz SC21041

SP Rabbit 1:1000 Millipore AB1566

Alexa Fluor 488 Donkey 1:500 Invitrogen A21208

anti-rabbit

Alexa Fluor 488 Donkey 1:500 Invitrogen A21202

anti-mouse

Alexa Fluor 568 Donkey 1:500 Invitrogen A11057

anti-goat

Alexa Fluor 568 Donkey 1:500 Invitrogen A10042

anti-rabbit

PGP9.5: protein gene product 9.5; nNOS: neuronal nitric oxide synthase; ChAT: choline

acetyltransferase; VIP: vasoactive intestinal peptide; SP: substance P.
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Table 2 — Number/cm? and area of the cell body of myenteric neurons in acetic

acid-induced colitis mice treated with vinpocetine.

Control Colitis Colitis +
Vinpocetine
Number of PGP 9.5 30,133.92 22,567.02 32,187.52
neurons/cmz +1,314.7 +2,470.3 +1,819.6
nNOS 10,013.42 10,321.42 8,325.92
+1,341.1 + 566.1 +615.1

Area (um?) PGP 9.5 139.80% + 4.56 193.91° + 3.86 169.99¢ + 4.20
of cell body

of myenteric

neurons
NNOS 210.992 + 3.54 177.82° +2.37 178.34¢ + 2.86

Data presented as mean =+ standard error. Means followed by different letters mean
statistical difference (p<0.05). Two-way ANOVA followed by Bonferroni post hoc test..
PGP9.5: protein gene product 9.5; nNOS: neuronal nitric oxide synthase.
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Figure 1 — Photomicrograph of colonic wall highlighting changes on the intestinal
wall layers in acetic acid-induced mice treated with vinpocetine. A and B control
grupo. C and D: colitis group. E and F: colits group treated with vimpocetine. Observe
inflammatory infiltrate in all intestinal layers, mainly in the mucosa and submucosa, loss
of the structure of the mucosa (asterisk) and edema in the submucosa layer in colitis
mice (C; D) in relation to control (A; B). Treatment with vimpocetine (E; F) preserved
the mucosal architecture, reduced infiltration of immune cells, and partially decreased
colitis-induced edema. H.E. Magnification 100x (A, C, E) and 200x (B, D, F). M: mucosa;

SM: submucosa.
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Control Colitis Colitis + Vinpocetine

20 pm

Figure 2 — Photomicrograph of colonic wall highlighting the enteric nervous
system in acetic acid-induced mice treated with vinpocetine. A-C: cross-sections
of colonic wall showing neuronal cell bodies and fibres labelled with PGP9.5. D-F:
myenteric plexus containing nitrergic neurons was present in all experimental groups.
G-I: myenteric plexus containing cholinergic neurons was present in all experimental
groups. Magnification 100x (A - C) and 400x (D - I). M: mucosa; SM: submucosa; MU:

muscular.
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Figure 3 — Photomicrograph of colonic wall highlighting the enteric nervous
system in acetic acid-induced mice. A,B: nitrergic innervation in the colonic wall
showing myenteric plexus (MP), nerve fibres in the muscularis mucosae (MM) and
mucosa (M). C,D: cholinergic innervation in the colonic wall showing myenteric (MP)
and submucosal (SMP) plexi. Magnification 100x (A) and 400x (B - D).
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Control Colitis Colitis + Vinpocetine

Figure 4 — Photomicrograph of colonic wall highlighting structures of the enteric
nervous system in acetic acid-induced mice. A-C: VIPergic innervation was
increased in the colitis mice. D-F’: SP-containing fibres was also increased in the colitis
mice. The treatment with vinpocetine did not protect the ENS. Magnification 200x. M:

mucosa; SM: submucosa; MU: muscular.
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Control Colitis Colitis + Vinpocetine

soum | PGP9.5

Figure 5 — Photomicrograph of myenteric plexus in acetic acid-induced mice
treated with vinpocetine. A-C: myenteric plexus labelled with pan-neuronal marker:
PGP9.5. D-F: myenteric plexus labelled for showing nitrergic neurons. Colitis did not

change the number of neurons. Magnification 200x.
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CONLUSAO

Conclui-se que a administracdo de acido acético € capaz de induzir inflamagéo
com mudancas histopatoldgicas, provacadas pelo aumento de fibras nervosas
VIPérgicas e produtoras de substancia P. Esse aumento causa hipertrofia na populacéo
total de neurdnios e atrofia na subpopulacdo nitrérgica do plexo mioentérico. O
tratamento com vimpocetina nao foi capaz de proteger das alteracbes nas fibras
neuronais VIP* e SP* fibres, mas protegeu parcialmente das alteracdes morfométricas

observadas no corpo cellular dos neurdnios mioentéricos.
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ANEXO A

Aprovacdo da Comissdo de Etica no Uso de Animais da Universidade Estadual
de Londrina (CEUA/UEL) protocolo 157/2016, processo n° 15933.2016.37.

Universidade
Estadual de LondRrina

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N° 157/2016 . Londrina, 01 de Agosto de 20186.
Prezado Pesquisador,

Certificamos que o projeto intitulado "Avaliagédo do efeito da vinpocetina sobre o plexo
mioentérico do célon de camundongos com colite induzida por 4cido acético”, protocolo CEUA
n°® 16933.2016.37, sob a responsabilidade de Eduardo Jose de Almeida Arafjo, que envolve a
produgéo, manutencéo e/ou utilizagio de animais pertencentes ao filo Chordata, subfilo Vertebrata
(exceto o homem), para fins de pesquisa cientifica (ou ensino), encontra-se de acordo com os
preceitos da Lei n° 11.794, de 8 de outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009, e
com as normas editadas pelo Conselho Nacional de Controle da Experimentag&o Animal (CONCEA),
foi aprovado pela Comisséo de Etica no Uso de Animais da Universidade Estadual de Londrina
(CEUAJUEL), em reuniéo realizada em 26/07/2016,

O objetivo do projeto & investigar o efeito da administragéo oral de vinpocetina sobre a
marfofisiologia do plexo mioentérico do cdlon de camundongos com colite induzida por 4cido acético.
Os camundongos seréo distribuidos aleatoriamente em trés grupos: *Grupo controle (Controle) —
administragéo via retal de 100uL de solugéo salina estéril para lavagem do célon, 1 hora antes a
administragéo de solugédo salina (200 pL) pela via retal. *Grupo Colite sem tratamento (Colite) —
administrag@o via retal de 100uL de solugéo salina estéril para lavagem do célon, 1 hora antes a
administragéo de 200 pL de solugéo de acido acético 7,5% (v/v) pela via retal e, em seguida, tratados
via oral, por gavagem, com solugdo salina 0,9% (100 uL), sem o farmaco. *Grupo- Colite com
tratamento (Colite_Vinpo) ~receberdo pré tratamento com 30 mg/Kg de vinpocetina (100 pL), via oral,
por gavagem,, diluida em solugdo salina 0,9%, duas horas antes da indugdo da colite (200 L de
solugéo de &cido acético 7,5% (v/v) pela via retal). Os animais serdo submetidos a administragéo via
retal de 100fiL de solugéo salina estéril para lavagem do célon, 1 hora antes da indugdo da colite.
Apos a inducéo, os animais serdo tratados nos tempos de 4, 10 e 16 horas com Vinpocetina 30 mg/kg
(100 pL). Método de indugéo de morte anestesia posterior pungo cardiaca, utilizando cloridrato de
ketamina (75mg/kg) e cloridrato de xilasina (10mg/kg), intraperitoneal. Gl 2.

Vigéncia do Projeto 01/08/2016 a 28/02/2017
Espécie/linhagem Camundongo heterogénico / Swiss
N° de animais 60 "
Pesol/ldade 20-25 g/ 2 meses

Sexo Machos

Origem . Biotério Central / UEL

Amostras a serem coletadas Colon

Cumpre orientar que caso prefendam-se quaisquer alteragdes no protocolo experimental
aprovado, deve-se submeter o novo protocolo & apreciagéo da CEUA/UEL anteriormente & execug&o
das modificagdes.

Coloco-me & disposigéo para quaisquer esclarecimentos que se fizerem necesséaria. Sem
mais para o momento, subscrevo, cordialmente,

1/

Profa. Dra, Glaur, tamburlo Alves Fernandes
Coordenadara da CEUA/UEL

{imo. Sr.

Prof. Dr. Eduardo Jose de Almeida Arafijo .

Coordenador do Projeto

Departamento de Histologia / Centro de Ciéncias Bioldgicas

Com cdpia para Coord. do Biotério Central/lUEL; Chefe do Departamento de Histologia e Diretor(a) do Centro de
Ciéncias Biolégicas

Campus UniversitArio: Rodovia Celso Garein Cid (PR 445), km 380 - Fone (043) 3371-4000 PABX - Fax 3328-4440 - Caixa Postal 10,011 - CEP B6057-970 ~ Internet httpii/www uckbr
LONDRINA - PARANA - _BRASIL
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ANEXO B

Normas da revista Inflammatory Bowel Diseases

V2 Author Resources

Instructions for Authors Author Guidelines (this page)

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 an 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://www.editorialmanager.com/ibd/.

Inflammatory Bowel Diseases utilizes the plagiarism software, CrossCheck.
Manuscripts submitted to this journal may be screened for plagiarism against previously
published works. Authors who have been found to be guilty of plagiarism after the
appropriate institutional investigation will be banned from submitting to the journal for a
defined period of time.

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


http://www.editorialmanager.com/ibd/default.aspx
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they obtain written consent from the patients and submit written consent with the
manuscript.

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 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)


https://www.nap.edu/read/5140/chapter/1
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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 - All authors 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).

A copy of the form is made available to the submitting author within the Editorial
Manager submission process. Co-authors will automatically receive an Email with
instructions on completing the form upon submission.

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).

A copy of the form is made available to the submitting author within the Editorial
Manager submission process. Co-authors will automatically receive an Email with
instructions on completing the form upon submission.

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.
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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@jjeditorial.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.

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.
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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
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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://edmar.ovid.com/Ilww-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-lmaging 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 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
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journal to which you wish to submit. Measure the artwork typically shown and
scale your image to match.)

« Crop out any white or black space surrounding the image.

e Text and fonts in any figure are one of the acceptable fonts: Helvetica, Times
Roman, Symbol, Mathematical Pl, and European PI.

o 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.

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

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

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

e 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.

« Cite figures consecutively in your manuscript.

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

e Upload figures consecutively to the journal's online submission system and
number figures consecutively in the Description box during upload.

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,
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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.

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
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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 in a relatively narrow topic 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.

The body of basic and clinical IBD Review articles should be no longer than 20 double
spaced pages (not including references, figures, and tables). 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 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. All
review articles will be peer-reviewed.

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 in 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 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.
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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 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.

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.

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.

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 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
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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/). 1t 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

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-mail 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
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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

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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