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COLOMBO, Barbara Bresciani. A vimpocetina reduz a colite induzida por acido acético
em camundongos. 2017. 89 paginas. Dissertacdo (Mestrado em Ciéncias da Saude) —
Universidade Estadual de Londrina, Londrina, 2017.

RESUMO

A Doenca inflamatoria intestinal (DIl) inclui principalmente a Colite ulcerativa e a Doencga de
Crohn. Ela é caracterizada por uma inflamacéo crénica do trato gastrointestinal devido a
uma resposta imune desregulada a microbiota intestinal em um individuo geneticamente
suscetivel. O recrutamento de neutrofilos e macréfagos para o tecido intestinal € um evento
importante, no qual no foco inflamatério, essas células produzem EROs e citocinas pro-
inflamatérias via NF-kB, contribuindo para o dano tecidual. A introduc&o do tratamento com
anticorpo monoclonal anti-TNF-a em paciente com DIl foi um avango marcante. No entanto,
essa terapia € muitas vezes limitada por uma perda de eficacia devido ao desenvolvimento
de resposta adaptativa, dessa forma, acentuando a necessidade de novas terapias. A
vimpocetina € uma droga nootropica conhecida por suas propriedades anti-inflamatorias, em
parte pela inibicdo do NF-kB e regulagdo de citocinas, além do seu efeito antioxidante.
Portanto, o presente estudo avaliou o efeito da vimpocetina em modelo de colite induzida
por acido acético em camundongos. Os experimentos foram realizados em camundongos
Swiss machos com aprovacdo do Comité de Etica no Uso de Animais da Universidade
Estadual de Londrina sob o niumero de processo 3307.2015.37. A colite foi induzida por
injeccao intracolbnica de &cido acético a 7,5% (n = 6 camundongos por grupo). O tratamento
com vimpocetina foi dividido em dois protocolos diferentes: (A) para analise do edema,
estresse oxidativo e hiperalgesia mecénica visceral os camundongos foram tratados com
vimpocetina 10 e 4h antes da injecdo de &cido acético, e 2h apos. Neste protocolo, a
hiperalgesia mecéanica visceral foi avaliada 3h apds a inducdo da colite e o colon distal foi
coletado 4h apés a inducao da colite para avaliagdo do edema, da capacidade antioxidante
total (ensaio ABTS) e niveis de GSH. (B) Para a producéo de citocinas, ativacdo do NF-kB,
recrutamento de neutrdéfilos, escore macroscépico e hiperalgesia mecanica visceral, os
camundongos foram tratados com vimpocetina 2h antes da injecdo de acido acético e 4, 10
e 16h ap6s. Neste protocolo, a hiperalgesia mecanica visceral foi avaliada 3 e 17h apés a
inducdo da colite e o célon distal foi coletado 18h apds inducdo da colite para andlise de
MPO (recrutamento de neutrdfilos), escore de dano macroscopico, producao de citocinas e
ativagdo do NF-kB .O tratamento com vimpocetina reduziu o edema, a atividade de MPO, o
escore de dano macroscépico, a hiperalgesia mecanica visceral e 0os niveis das citocinas
pro-inflamatérias IL-1B8, TNF-a e IL-33 no cdélon. A vimpocetina preveniu a reducdo dos
niveis coldénicos de GSH, da capacidade sequestradora do radical ABTS, da citocina anti-
inflamatoria IL-10 e inibiu a ativacdo do NF-kB. Desta forma, demonstramos pela primeira
vez que a vimpocetina tem atividade anti-inflamatéria, antioxidante e analgésica em modelo
de colite induzida por acido acético induzida em camundongos, portanto, € uma molécula
promissora para o tratamento de DII.

Palavras-chave: Vimpocetina. Colite. Inflamacgé&o. Estresse oxidativo. Dor abdominal.
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COLOMBO, Barbara Bresciani. Vinpocetine ameliorates acetic acid-induced colitis by
inhibiting neutrophil recruitment, oxidative stress, pro-inflammatory cytokines
production, and NF-kB activation in mice. 2017. 89 pages. Dissertacdo (Mestrado em
Ciéncias da Saude) — Universidade Estadual de Londrina, Londrina, 2017.

ABSTRACT

Inflammatory Bowel Disease (IBD) includes mainly the Ulcerative Colitis and the Chron’s
Disease. It is characterized by a chronic inflammation of the gastrointestinal tract due to an
immune response when the intestinal microbial was deregulated in a genetically sensitive
individual. Neutrophils and macrophages recruitment towards intestinal tissues is an
important event, which in the inflammatory foci, these cells produce ROS and NF-kB-
dependent pro-inflammatory cytokines, contributing to tissue damage. A seminal advance
was the introduction an anti-TNF-a monoclonal antibody as a treatment for IBD patients.
However, this therapy is often limited by a loss of efficacy due to the development of
adaptive response, underscoring the need for novel therapies. Vinpocetine is a nootropic
drug known to have anti-inflammatory properties, partly by inhibition of NF-kB and
downstream cytokines, in addition to its antioxidant effect. Therefore, the present study
evaluated the effect of the vinpocetine in a model of acid acetic-induced colitis in mice.
Experiments were conducted in male Swiss mice with Londrina State University Ethics
Committee on Animal Research and Welfare approval under process number 3307.2015.37.
Colitis was induced by intracolonic injection of acetic acid 7.5% (n = 6 mice per group).
Vinpocetine treatment was divided in two different protocols: (A) for edema, oxidative stress
analysis and visceral mechanical hyperalgesia mice were treated with vinpocetine 10 and 4h
before acetic acid injection, and 2h after. In this protocol, mechanical hyperalgesia was
evaluated 3h after colitis induction and distal colon was collected 4h after colitis induction for
evaluation of edema, total antioxidant capacity (ABTS assay) and GSH levels. (B) For
cytokine production, NF-kB activation, neutrophils recruitment, macroscopic score, and
visceral mechanical hyperalgesia mice were treated with vinpocetine 2h before acetic acid
injection, and 4, 10, and 16h after. In this protocol, mechanical hyperalgesia was evaluated 3
and 17h after colitis induction, distal colon was collected 18h after colitis induction for MPO
analysis (neutrophils recruitment), cytokines production, and NF-kB activation. Treatment
with vinpocetine reduced edema, MPO activity, macroscopic damage score, visceral
mechanical hyperalgesia, and levels of the pro-inflammatory cytokines IL-13, TNF-a, and IL-
33 in the colon. Vinpocetine prevented the reduction of colonic levels of GSH, ABTS radical
scavenging ability, normalized levels of anti-inflammatory cytokine IL-10 and inhibits NF-kB
activation. In this manner, we demonstrate for the first time that vinpocetine has anti-
inflammatory, antioxidant, and analgesic activity in a model of acid acetic-induced colitis
induced in mice and therefore is a promising molecule for the treatment of IBD.

Key words: Vinpocetine. Inflammation. Oxidative stress. Abdominal Pain
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1 INTRODUCAO

1.1 Historico e epidemologia da Doenca Inflamatéria Intestinal

A Doenca Inflamatoria Intestinal (DIl) é caracterizada por inflamagé&o cronica do trato
gastrointestinal e inclui principalmente a Colite ulcerativa (CU) e a Doenga de Crohn (DC)
(SOUZA; FIOCCHI, 2015). Morgagni em 1761 descreveu pela primeira vez a DC em um
paciente e denominou a doenga como “ileal passion”. Outro caso foi descrito no inicio do
século XIX por Combe e Saunders, um homem com queixas abdominais crénicas, no qual a
autopsia revelou espessamento, inflamacgdo e estenoses no ileo. Porém s6 no século XX
Cronh e Col definiram a doenga e a denominaram como DC (RAPOSO, 2008). A CU foi
descrita por Samuel Wilks em 1959 como uma entidade individualizada, e o primeiro caso foi
publicado no Times Gazette (MAGRO et al., 2007).

Estudos demonstram que a incidéncia da DIl tem aumentado em muitas regides do
mundo, podendo tornar-se uma doenca global (MOLODECKY et al., 2012). Ela ocorre com
variagbes na incidéncia e prevaléncia de acordo com a regido, mais comum em paises
industrializados, sendo a urbanizacdo considerada um fator de risco (BURISCH et al., 2013;
SOON et al., 2012). Afeta individuos de todas as faixas etarias, no entanto, apresenta picos
de maior incidéncia dos 15 aos 30 anos e dos 50 aos 70 anos, sendo este ultimo mais
frequentemente associado a casos de DC (LOFTUS, 2004).

As maiores incidéncias da DIl ocorrem no norte da Europa e na América do Norte.
Na Europa a taxa de incidéncia da DC pode ser de até 11,5 casos em 100.000 pessoas por
ano, e da CU pode ser de até 24 casos em 100.000 pessoas por ano; a prevaléncia da DC
varia de 1,5 a 213 casos por 100.000 pessoas, e da CU varia de 2,4 a 294 casos em 100.00
pessoas. Na América do Norte, a taxa de incidéncia da DC pode ser de até 20,2 em 100.000
pessoas por ano, e da CU de até 24,0 em 100.000 pessoas por ano; a prevaléncia da DC
varia 25,9 a 318,5 casos em 100.000 pessoas, e da CU varia de 37,5 a 248,6 casos em
100.000 pessoas (BURISCH, 2014; BURISCH et al., 2013; BURISCH; MUNKHOLM, 2015).

Nos Estados Unidos da América (EUA) a DIl € uma das cinco condi¢gfes intestinais
cronicas mais comuns, com um custo total acima de 1,7 bilhdes por ano (ABEGUNDE;
MUHAMMAD; ALI, 2016). No Brasil, os dados ainda sdo escassos. Porém h& alguns
estudos, como o realizado por Victoria e colaboradores (2009) na regido centro-oeste do
Estado de S&o Paulo no periodo de 2001 a 2005, onde a incidéncia encontrada foi de 4,48
casos por 100.000 habitantes para CU e de 3,5 casos por 100.000 habitantes para DC, j& as

prevaléncias encontradas foram de 14,81 casos por 100.000 habitantes para a CU e de 5,65
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casos por 100.000 habitantes para a DC. Em outro estudo realizado no Piaui, a prevaléncia
em 2012 da DIl foi de 12,8 casos por 100.000 por habitantes com um indice anual de 1,53
casos por 100.00 habitantes (PARENTE, 2015).

1.2 Histopatologia e manifestacdes clinicas da DIl

A DIl causa uma acentuada morbidade, e grande impacto na qualidade de vida e na
capacidade de trabalho do individuo (NEURATH, 2014). Isso ocorre devido aos sintomas
causados pela doenga como diarreia (sangue e/ou muco), dor abdominal, vémitos, perda de
peso, anemia, fadiga, febre, fistulas e manifestacdes extra-intestinais. Por se tratar de uma
doenca intermitente, os sintomas variam de leves a graves durante as recaidas e podem
diminuir durante as remissdes (BERNSTEIN et al., 2010; DE LANGE; BARRETT, 2015;
NEURATH, 2014).

Embora a CU e a DC compartilhem algumas caracteristicas, existem diferencas
importantes a serem consideradas. Mais comum em mulheres do que em homens, a DC
pode afetar todo o trato gastrointestinal, desde a boca até o anus, de maneira descontinua,
ou seja, areas inflamadas intercaladas com areas ndo inflamadas. O comprometimento
intestinal é transmural, afetando todas as camadas do tecido (mucosa, submucosa, camada
muscular e serosa). Pode haver complicagfes incluindo estenoses, abcessos ou fistulas. A
presenca de granulomas € caracteristica da DC e pode ser util para diferencia-la da CU
(BAUMGART; SANDBORN, 2007). J& a CU ocorre igualmente em ambos 0s sexos, afeta
apenas o célon, de maneira difusa, recidivante e ndo transmural, ou seja, afetando
principalmente a mucosa. Conforme a extensdo anatdmica comprometida, ela pode ser
classificada em proctite, quando atinge apenas o reto; colite do lado esquerdo, quando
atinge o colon sigmoide com ou sem envolvimento do colon descendente; ou pancolite
guando o célon todo é comprometido. Apesar de raro, em casos de pancolite, ha o
acometimento de alguns centimetros do ileo terminal, evento denominado de ileite de
refluxo (BAUMGART; SANDBORN, 2007).

1.3 Fatores de risco e patogénese para DIl

A DIl é caracterizada por uma resposta imune desregulada a microbiota intestinal
devido a gatilhos ambientais, em um individuo geneticamente susceptivel (DE LANGE;
BARRETT, 2015; MOLODECKY; KAPLAN, 2010). Tém sido propostas varias teorias para
explicar os fatores de riscos ambientais envolvidos no desenvolvimento da DIl
(MOLODECKY; KAPLAN, 2010).
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A principal teoria € a hip6tese da higiene, que propde que o aumento da frequéncia
de disturbios imunolégicos é devido a falta de exposicao a patégenos entéricos na infancia
(BERNSTEIN; SHANAHAN, 2008; SHANAHAN; BERNSTEIN, 2009), isso pode levar a uma
maior suscetibilidade ao desenvolvimento de respostas imunoldgicas inadequadas aos
patdégenos apos a infancia (GENT et al., 1994).

Além da hipotese da higiene, outros fatores ambientais tém sido propostos como
fatores de risco. Uma meta-andlise realizada em 2008 demonstrou uma associagdo positiva
do uso de contraceptivos orais com o desenvolvimento da CU (CORNISH et al., 2008). Em
uma revisdo sistematica, o consumo elevado de gorduras totais, &cidos graxos
poliinsaturadas, acidos graxos 6mega-6 e carne foram consistentemente associados com o
aumento do risco do desenvolvimento da CU. Em contrapartida, o alto consumo de vegetais
foi consistentemente associado a diminuicdo do risco de desenvolvimento da CU (HOU;
ABRAHAM; EL-SERAG, 2011). Alguns estudos tem demonstrado o papel dos aditivos
alimentares polissacarideos como estabilizantes, espessantes, texturizantes, emulsificantes,
edulcorantes e agentes de revestimento no risco do desenvolvimento da CU ao induzir
alteracdes na barreira intestinal, mudangas na microbiota, supercrescimento de bactérias e
prejuizos na resposta imune (DIXON et al.,, 2016). A amamentagdo parece ter um efeito
protetor no desenvolvimento da doenca (ACHESON; TRUE LOVE, 1961; KLEMENT et al.,
2004), é através dela que se adquire a tolerancia oral a microflora e antigenos alimentares e
consequente efeito protetor (KLEMENT et al., 2004; KOLOSKI; BRET; RADFORD-SMITH,
2008). Por outro lado, os antibidticos na infancia interferem no desenvolvimento da
toleréncia a bactérias entéricas, podendo levar ao desenvolvimento da DIl (HILDEBRAND et
al., 2008). O uso de anti-inflamatérios nao esteroidais (AINEs), também tem sido associado
com aumento do risco de desenvolvimento da DIl (ANANTHAKRISHNAN et al., 2012). Foi
demonstrado que os AINEs convencionais podem causar recidivas em 20% dos pacientes
com DIl em remissdo (KVASNOVSKY; AUJLA; BJARNASON, 2014). Vérios micro-
organismos sao propostos como causadores da CU, como o Mycobacterium avium
subespécie paratuberculosis (MAP) e a estirpe de Escherichia coli aderente-invasiva (AIEC)
(Molodecky, 2010). Algumas evidéncias sugerem que 0 estresse psicoldgico esta envolvido
na DIl (MAWDSLEY; RAMPTON, 2005).

Estudos populacionais tém fornecido evidéncias consistentes de que fatores
genéticos contribuem para a patogénese da DIl, demonstrando de 8 a 10 vezes maior risco
entre parentes (ORHOLM et al., 1991), e uma maior concordancia genética para gémeos,
sendo a maior taxa de concordancia entre gémeos monozigoticos de 15,4% e em gémeos

dizigdticos de 3,9% para CU (BRANT, 2011). Recentes estudos de associagdo ampla do
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genoma (GWAS) encontraram 163 loci génicos associados a DIl, 23 especificos da CU
(JOSTINS et al., 2012).

Os fatores de risco ambientais (microorganismos, dieta, infeccdes, estresse, AINES,
apendicectomia, antibiéticos) e as alteracdes genéticas relacionadas a peptideos
antimicrobianos, autofagia, processamento microbiano, citocinas e quimiocinas podem
iniciar alteragdes na barreira epitelial da mucosa intestinal. Dessa maneira, ocorre a
translocacdo de bactérias comensais e produtos bacterianos do Iimen intestinal para dentro
da parede intestinal causando a ativacdo de células imunes e producao de citocinas. Se a
inflamag&o aguda da mucosa néo for resolvida através de mecanismos anti-inflamatérios e
da supresséo da resposta imune inflamatoria, essa ativacao descontrolada de macréfagos,
células T e células linfoides inatas gera uma inflamacgéo cronica com elevada producéo de
citocinas. Por sua vez, essa inflamacdo cronica pode levar a complicagbes da doenca,
destruicdo de tecido, fibrose, abcessos, fistulas, cancer e manifestacfes extra-intestinais
(NEURATH, 2014).

Nesse contexto, as citocinas tém um papel fundamental no desenvolvimento e
perpetuacdo da doenga. Como por exemplo, a IL-13, uma citocina pro-inflamatéria com uma
ampla variedade de efeitos locais e sistémicos, produzida por leucdcitos do sistema
imunoldgico e modula a fungdo de células imunes e ndo imunes; promove ativacdo e a
funcéo efetora de células dendriticas, macrofagos e neutrofilos e ativagdo e sobrevivéncia
de células T (BEN-SASSON et al., 2009; DINARELLO, 1996). A IL-1B foi encontrada em
elevados niveis no célon de pacientes com DIl ativa (MCALINDON; HAWKEY; MAHIDA,
1998), os quais podem ser correlacionados com a atividade da doenca e lesGes ativas
(LUDWICZEK et al.,, 2004). Outra citocina imporante, o TNF-a ligado @ membrana ou
soluvel, possui sua producdo acentuada em pacientes com DIl. As células mononucleares
da lamina propria, como os macréfagos CD14", adipécitos, fibroblastos e células T tém
demonstrado produzir grandes quantidades dessa citocina (ATREYA et al.,, 2011). Mais
recentemente descoberta, a IL-33 é secretada por fibroblastos, adipécitos, células
musculares, células endoteliais, macréfagos, células dendriticas, células respiratérias e
células intestinais (NUNES; BERNARDAZZI; DE SOUZA, 2014). Foi demonstrado que 0s
niveis de IL-33 na mucosa intestinal sdo maiores em pacientes com CU do que em
pacientes com DC ou sem a doenca, podendo seu nivel ser relacionado com a atividade da
doenca (BELTRAN et al., 2010). Por outro lado, a IL-10 uma citocina anti-inflamatéria é
secretada por células T reguladoras, macrofagos e células dendriticas participa na
homeostasia da mucosa intestinal. E possivel observar o desenvolvimento espontaneo de
colite em camundongos knockout para a IL-10 apenas em presenca de bactérias intestinais

(SELLON et al., 1998). Além disso, pacientes com muta¢des que geraram perda de funcao
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da IL-10 ou do seu receptor, desenvolveram DIl grave e com inicio precoce (LEE et al.,
2014).

Evidéncias sugerem que a inflamacéo intestinal crbnica est4 associada com a
producdo aumentada de espécies reativas de oxigénio e nitrogénio (EROs/ERNs). Como
resultado dessa producéo elevada de EROs e ERNSs, desenvolve-se o estresse oxidativo e
modulagéo redox que possuem um importante papel na fisiopatologia da DIl em humanos e
animais (KARP; KOCH, 2006; PAVLICK et al., 2002). Uma caracteristica da DIl é o infiltrado
celular de neutrofilos e macréfagos, essas células inflamatorias ativadas produzem grandes
quantidades de superoxido e 6xido nitrico a partir da NADPH oxidase (NOX2) e 6xido nitrico
sintase induzivel (iINOS), respectivamente. A partir da reacdo do superoxido e do oOxido
nitrico ocorre formacdo de peroxinitrito, um composto com elevada capacidade oxidante
envolvido na patogénese da DIl (PACHER; BECKMAN; LIAUDET, 2007).

Outras enzimas também estdo envolvidas na geracdo de EROs na DIl, como a
xantina oxidase, 5-lipoxigenase, enzimas do citrocomo P450 e a mieloperoxidase (MPO). A
MPO é abundante principalmente em granulos azurofilos de neutréfilos é secretada para
dentro do compartimento fagolisossémico apds a ativacdo do fagocito (NAITO; TAKAGI,
YOSHIKAWA, 2007). Ela esta envolvida na geracdo do &cido hipocloroso, um potente
oxidante que gera dano tecidual (KLEBANOFF, 2005). A atividade aumentada da MPO é
caracteristica da inflamacdo intestinal e do estresse oxidativo em modelos de DIl
experimental. Dessa forma, ela é considerada um biomarcador na avaliacdo da
fisiopatologia da doenca e da intervencdo com compostos antioxidantes (NAITO; TAKAGI,
YOSHIKAWA, 2007). Por outro lado, na mucosa intestinal os niveis de antioxidantes como a
glutationa reduzida (GSH), coenzima Q10, glutationa s-transferase, superdxido dismutase,
catalase, paraoxonase 1 e metalotioneina estédo reduzidos em pacientes com DIl (CATARZI
et al., 2011; REZAIE; PARKER; ABDOLLAHI, 2007).

A inflamacao contribui para o aparecimento do estresse oxidativo, o qual por sua vez
contribui para a perpetuacédo da inflamacao intestinal na DIl através da ativacdo do NF-kB,
um fator de transcri¢céo sensivel ao estado redox. Consequentemente, ocorre o aumento de
citocinas inflamatérias, moléculas de adeséo e células inflamatérias (ZHU; LI, 2012).

Para a Associacao Internacional para o Estudo da Dor (IASP), a dor é definida como
sendo “uma experiéncia sensorial e emocional desagradavel que é associada a lesdes reais
ou potenciais ou descrita em termos de tais lesdes” (MERSKEY, 1980). A dor abdominal &
um sintoma comum e uns dos primeiros apresentados em 50% a 70% dos pacientes que
procuraram o auxilio médico para diagnéstico inicial ou em episodios de exacerbacédo da DII
(AGHAZADEH et al., 2005; WAGTMANS et al., 1998). Embora alguns trabalhos ilustrem a

etiologia multifatorial e sobreposicdo de fatores que contribuem para a percep¢éo da dor na
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Dll, ela é frequentemente atribuida a inflamacdo (MORRISON et al., 2013; WAGTMANS et
al., 1998). Neuromediadores inflamatérios como IL-18, TNF-a e IL-33 e o fator de
crescimento nervoso (NGF) liberados por macrofagos, mastécitos, células endoteliais ativam
nociceptores induzindo a hiperalgesia (BINSHTOK; WANG; ZIMMERMANN, 2008; JIN,
2006; WRIGHT, 1999; ZARPELON et al., 2013). Além disso, ROS/ERS como o superoxido e
0 peroxinitrito também s&o capazes de induzir hiperalgesia (MA; ZHANG; WESTLUND,
2009; SALVEMINI et al., 2011; WANG; PORRECA; CUZZOCREA, 2004)

1.4 Modelos experimentais para estudo da DIl

Ha diversos modelos experimentais estabelecidos de DIl, e sédo classificados em 5
grupos diferentes: inducdo quimica, células de transferéncia, espontdneo, congénito
(mutacdo genética espontanea) e engenharia genética (MIZOGUCHI, 2012). Nos modelos
de indugdo quimica, um agente exdégeno é administrado para indugé@o da DII, por exemplo,
acido acético, acido trinitrobenzenosulfénico (TNBS), sulfato sédico de dextrana (DSS)
(MORRIS et al.,, 1989). Nos modelos de células de transferéncia, populacdes celulares
especificas sao transferidas para um hospedeiro imunologicamente comprometido, um
exemplo € o modelo CD45RB, em que ha transferéncia adotiva de células T CD4"
(CD4'CD45RB™") do baco de camundongos naive para receptores imunodeficientes
(POWRIE; MASON, 1990). H4 um unico modelo espontadneo, em que um macaco conhecido
popularmente como Sagui-cabeca-de-algodao (Saguinus oedipus) nativo da Colémbia,
desenvolve colite espontanea ao ser mantido nos EUA (CHALIFOUX; BRONSON, 1981). No
modelo congénito, um exemplo é o modelo SAMP1/Yit, no qual uma estirpe de ratos SAMP1
derivada de 24 geragbes de uma ninhada de irmaos AKR/J expressa um fendétipo de
senescéncia acelerada e lesdes inflamatorias no ileo terminal (MATSUMOTO et al., 1998).
Nos modelos de engenharia genética os animais sdo manipulados geneticamente (knockout
ou transgénicos) e desenvolvem DII, como exemplo, camundongos knockout para a IL-10
(KUHN et al., 1993).

Estes modelos séo Uteis ndo s6 para descobrir mecanismos envolvidos na doenca,
mas também para desenvolver novas estratégicas terapéuticas para a DIl (MIZOGUCHI,
2012). Apesar desses modelos ndo mimetizarem exatamente a doenca em humanos, eles
tém sido Uteis em muitos aspectos. Isso se deve ao fato de ser possivel controlar o
aparecimento da inflamacdo no laboratorio, as falhas de tolerancia imunolégica, genes de
susceptibilidade e vias pro-inflamatérias especificas envolvidas no desencadeamento da
colite, possibilitando o entendimento de mecanismos de acdo de farmacos bem como a
fisiopatologia da doenca (BRAMHALL et al., 2015).
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Os modelos de inducdo com agente quimico (por exemplo, acido acético) tem a
vantagem de causar inflamacdo em linhagens puras de camundongos, com um sistema
imune normal (NEURATH, 2012), baixo custo e facil administragdo (LOW; NGUYEN;
MIZOGUCHI, 2013). O &cido acético por via retal é capaz de reproduzir a colite de maneira
difusa e dose-dependente, reprodutivel na porcdo distal do célon de camundongos
(GUAZELLI et al., 2013; MACPHERSON; PFEIFFER, 1978), reproduz inflamag&o
semelhante a CU em humanos, no que diz respeito mudangas moleculares, caracteristicas
histologicas e clinicas (GOYAL et al., 2014). A resposta inflamatéria ocorre devido ao
rompimento da barreira epitelial (KAWADA; ARIHIRO; MIZOGUCHI, 2007), com
consequente liberacdo de prétons no espaco extracelular, promovendo acidificacdo
intracelular e dano ao epitélio (RANDHAWA et al., 2014).

1.5 Tratamento convencional para CU

O protocolo terapéutico adotado depende do local acometido, severidade e
complicacdes relacionadas a doenca. Deve ser individualizado de acordo com a resposta
sintomatica e tolerancia clinica. Seguindo o protocolo sequencial de tratamento dos
sintomas, inducdo e manutengdo da remissdo (SOHRABPOUR; MALEKZADEH,;
KESHAVARZIAN, 2010). A terapia farmacoldgica utilizada consiste principalmente na
utilizacdo de aminossalicilatos, corticosteroides, imunossupressores ndo esteroidais,
antibiéticos e agente biolégicos (FASANMADE et al., 2009; KINO et al., 1987; KORNBLUTH,;
SACHAR, 2004; MOWAT et al., 2011; NIELSEN, 1982).

Os aminossalicilatos (sulfassalazina e Mesalazina) sdo a primeira opc¢édo de
tratamento para a indugcdo e manutencdo da remissdo da CU leve a moderada (NIELSEN,
1982). Efeitos adversos da sulfassalazina foram encontrados em até 30% dos pacientes
(NIELSEN, 1982), de maneira dose-dependente, devido a porcéo sulfapiridina (DAS et al.,
1973). O efeito terapéutico do 5-ASA ocorre ao inibir a ciclooxigenase, a lipooxigenase,
células B, citocinas inflamatérias (IL-1B e TNF-a), proliferagdo de células T, adesdo de
neutrofilos e macréfagos, ativacdo do fator nuclear NF-kB e sequestro de radicais livres
(DESREUMAUX; GHOSH, 2006).

Os corticosteroides (prednisolona, prednisona, metilpredinisolona, hidrocortisona e
budesonide) sdo utilizados no tratamento para pacientes com a forma moderada ou grave
da doenca e nos casos nado responsivos aos aminossalicilatos (MOWAT et al., 2011;
SOHRABPOUR; MALEKZADEH; KESHAVARZIAN, 2010). O seu efeito anti-inflamatério
inclui inibicdo do recrutamento e proliferagdo de linfocitos, monécitos e macrofagos,

migragdo de neutrofilos para os locais da inflamagéo, e diminuicdo da producdo de
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mediadores inflamatdérios, incluindo leucotrienos, citocinas e prostaglandinas (KATZ, 2004).
Em longo prazo e/ou altas doses podem causar efeitos adversos graves, como perda éssea
(LUKERT; RAISZ, 1990), tromboembolismo venoso (HIGGINS et al., 2015), ma cicatrizagédo
(WANG; ARMSTRONG; ARMSTRONG, 2013), complicagBes cutaneas, oculares, musculo
esqueléticas, gastrointestinais e infecciosas (ARDIZZONE; BIANCHI PORRO, 2002).

E recomendado o uso de imunossupressores no esteroidais, tais como azatioprina
(AZA) e 6-mercaptopurina (6-MP) em pacientes com CU grave que necessitariam utilizar
corticosteroides por mais de um ano, ou a pacientes com colite moderada n&o responsiva ao
uso de corticosteroides (KORNBLUTH; SACHAR, 2004; LICHTENSTEIN et al., 2006). A
AZA é pro-farmaco da 6-MP, e ambos sao convertidos em 6-tioguanina (6-TG), metabdlito
com acgdo terapéutica. A 6-TG é convertida em um metabdlito inativo e na 6-
metilmercaptopurina (6-MMP), um metabdlito hepatotoxico (REGUEIRO, 2000; STEIN;
LICHTENSTEIN, 2001). A 6-TG inibe a proliferacdo de linfécitos através da sua
incorporacdo em nucleotideos celulares, dessa forma, ocorre a supressédo da funcdo das
células T e atividade das células natural killer (REGUEIRO, 2000; SAHASRANAMAN;
HOWARD; RQOY, 2008). Alguns efeitos adversos estao relacionados as tiopurinas (ASA e 6-
MP), incluindo nausea, artralgia, hepatotoxicidade, mielotoxicidade (leve e grave),
prancreatite, elevagdo dos niveis de enzimas hepéticas, infecgbes oportunistas, linfoma,
desordens mieldides e cancer de pele ndo melanoma (GOLDBERG; IRVING, 2015).

A Ciclosporina A € utilizada como segunda linha em casos agudos de CU grave e
refrataria aos corticosteroides. Ela € inibidor da calcineurina, sendo assim, atua diminuindo a
resposta celular imunitaria através do bloqueio da producéo de IL-2 pelos linfocitos T
auxiliares (LOFTUS; EGAN; SANDBORN, 2004). Porém, é considerada uma das terapias
menos segura, devido ao risco de efeitos adversos graves, como anafilaxia, pneumonia por
Pneumocystis carinii e nefrotoxicidade permanente (KATZ, 2005). Além disso, devido a sua
janela terapéutica estreita € necessario acompanhamento dos niveis plasmaticos da droga
durante o tratamento (COHEN; STEIN; HANAUER, 1999).

O Tacrolimus é um antibiético macrolideo obtido do Streptomyces tsukubaenesis. Ele
também atua como inibidor da calcineurina, e embora seu modo de acdo seja similar ao da
Ciclosporina A, o seu efeito imunossupressor € de 30 a 100 vezes maior in vitro e de 10 a 20
vezes maior in vivo, com melhor absorcdo intestinal mesmo em presenca de doenca
gastrointestinal (KINO et al., 1987). Os efeitos adversos mais comuns sdo neurotoxicidade,
incluindo tremor e dor de cabeca, distlrbios gastrointestinais, nefrotoxicidade e distarbios
metabdlicos (GONZALEZ-LAMA; GISBERT; MATE, 2006).

O Infliximab é um anticorpo monoclonal IgG que se liga com alta afinidade e

especificidade ao TNF-a soluvel. Dessa forma, impede-o de ligar-se aos receptores
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celulares e ativar a cascata inflamatéria (RUTGEERTS; VAN ASSCHE; VERMEIRE, 2004).
Além disso, liga-se ao TNF-a de membrana em células inflamatérias induzindo apoptose
(WILHELM et al., 2008). Foi o primeiro anticorpo anti-TNF-a aprovado pela Administragéo de
alimentos e medicamentos (FDA) para o tratamento de CU moderada a grave para reduzir
0s sinais e sintomas, induzir remisséo, cicatrizacdo da mucosa intestinal e eliminar o uso de
corticosteroides em pacientes que nao respondem adequadamente, séo intolerantes ou
possuem contra-indicagdes a corticosteroides ou a imunomoduladores (FASANMADE et al.,
2009). Efeitos adversos graves como obstrucao intestinal, insuficiéncia cardiaca, infeccgao,
linfoma e neuropatia podem ocorrer devido ao uso do Infliximab (HANSEN et al., 2007).

O Adalimumab e o Golimumab s&o anticorpos monoclonais humanos que também
sao anti-TNF-a, como o Infliximab, aprovados pelo FDA em 2013 para pacientes com CU.
Foram liberados como agentes de indug&o e manutengédo da remissdo em pacientes adultos
com CU grave ou moderada que néo respondem ou sdo intolerantes aos tratamentos
convencionais ou necessitem do tratamento continuo com corticosteroides (BLONSKI,;
BUCHNER; LICHTENSTEIN, 2014).

1.6 Vimpocetina

A vimpocetina ([3a,16a]-Eburnamenine-14-carboxylic acid ethyl ester) € um éster
etilico sintético, derivada da Apovicamina, um alcaloide isolado a partir das folhas da Vinca
minor, popularmente conhecida como Pervinca (LORINCZ C, SZASZ K, 1976). Nos EUA,
mais de 300 marcas de suplementos alimentares regulamentadas como comida possuem
em sua composicao a vimpocetina e sado vendidas diretamente ao consumidor (AVULA et
al., 2016).

A vimpocetina é absorvida no estdbmago e intestino e € capaz de atravessar a
barreira hematoencefalica. Sua metabolizacgdo em humanos e cachorros ocorre
exclusivamente no figado, porém a metabolizacdo no plasma ocorre apenas em ratos
(FANDY et al., 2016; SZAKACS, 2001). O &cido apovincaminico é o principal metabdlito
sem atividade farmacoldgica da hidrélise da vimpocetina e sua excre¢ao ocorre através dos
rins (GULYAS et al., 2002). A vimpocentina é amplamente utilizada desde sua sintese, no
final dos anos 60, para o tratamento de doencas cerebrovasculares, demonstrando um
efeito neuroprotetor e aumento do fluxo sanguineo cerebral (BERECZKI; FEKETE, 1999). O
seu efeito clinico benéfico deve-se a sua ag¢ao antioxidante, anti-inflamatoria, vasodilatadora
e neuroprotetora (ZHAO et al., 2011).

Jeon e colaboradores (2010) demonstraram através de testes in vitro que a

vimpocentina impede a ativagao do fator de transcrigdo nuclear NF-kB induzido pelo TNF-a
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em células lisas vasculares, em células endoteliais da veia umbilical humana, em células
epiteliais respiratérias A549 e em uma linhagem celular de macrofagos. Além disso, a
andlise de PCR-RT demonstrou que a vimpocentina reduz a expressdo de RNAmM de
moléculas proé-inflamatérias, tais como a interleucina-13, proteinas quimiotaticas de
monacitos-1 (MCP-1) e molécula de adeséo vascular celular-1 (VCAM-1) induzida pelo TNF-
a. In vivo a vimpocentina foi capaz de reduzir significativamente o recrutamento de
neutrofilos induzido por TNF-a e lipopolissacarideo (LPS) em tecidos do pulmao.
Demonstrou-se que o mecanismo pelo qual a Vimpocentina é capaz de exercer seus efeitos
anti-inflamatérios se da através da inibicdo da IKK, prevenindo a degradagcdo do IkB, a
translocacdo do NF-kB para o nucleo, e consequentemente a inibicdo da produgédo de
mediadores pro-inflamatérios, principalmente das citocinas IL-18 e TNF-a (JEON et al.,
2010). Um outro possivel mecanismo da vimpocetina é a inibicdo da fosforilagdo da enzima
upstream Akt (ZHUANG et al.,, 2013). Corroborando esses dados, nosso laboratério
demonstrou in vivo e in vitro que a vimpocetina inibe a ativagdo do NF-kB induzido por LPS
e carragenina (RUIZ-MIYAZAWA et al.,, 2015a, 2015b). Além disso, outros estudos
demonstraram a participagdo da vimpocetina na prevencdo de danos a mucosa gastrica de
animais (NOSALOVA; MACHOVA; BABULOVA, 1993), assim como propriedades
antioxidantes em modelo in vitro (HORVATH et al.,, 2002). Dados sugerem o papel
antinociceptivo da vimpocetina em modelo de dor visceral manifesta em ratos (ABDEL-
SALAM, 2006).

Outro trabalho sugere que a vimpocetina é um potente bloqueador da atividade dos
canais de sodio tetrodotoxina Na, 1.8 presentes no ganglio da raiz dorsal de neurbnios
sensoriais. Esse tipo de canal é expresso de maneira seletiva em neurbnios sensoriais,
dessa maneira, demonstrando um mecanismo analgésico importante (ZHOU; DONG;
CRONA, 2003). Foi demonstrado que a vimpocetina é capaz de inibir o transporte
axoplasmatico retrogrado do NGF periférico (CSILLIK et al., 2008; KNYIHAR-CSILLIK et al.,
2007), evidéncias sugerem que o NGF tem um papel importante na geracdo e manutencao
da dor em estudos experimentais e clinicos em uma ampla variedade de estados de dor
(BANNWARTH; KOSTINE, 2014).

Tendo em vista que a vimpocentina possui efeito anti-inflamatoério, antioxidante e
analgésico ela apresenta-se como uma abordagem terapéutica promissora uma vez que ha
a participacdo de mediadores pro-inflamatérios, como citocinas e radicais livres na
patogénese das DII, associado ao fato de que a mucosa colbnica € relativamente pobre em
antioxidantes endoégenos. Uma vez que ndo existem dados na literatura sobre a utilizacao

desta substancia em modelos experimentais de colite, nG6s propomos avaliar o efeito
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farmacologico da vimpocentina em modelo de colite experimental induzida por acido acético

em camundongos.
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2 OBJETIVOS

2.1 Objetivo geral

Investigar o efeito anti-inflamatério, antioxidante e analgésico da vimpocetina em

modelo de colite induzida por acido acético em camundongos.

2.2 Objetivos especificos

- Avaliar o efeito do tratamento com vimpocetina sobre o edema col6nico apos a
inducao da colite com solugéo de acido acético;

- Avaliar o efeito do tratamento com vimpocetina sobre o recrutamento de neutréfilos
para o tecido colbénico apds a indugéo da colite com solucdo de &acido acético;

- Avaliar o efeito do tratamento com vimpocetina sobre as lesdes macroscopicas no
tecido col6nico apos a indugéo da colite com solucdo de &cido aceético;

- Avaliar o efeito do tratamento com vimpocetina sobre a capacidade antioxidante no
tecido colbnico, através dos niveis de glutationa reduzida (GSH) e da capacidade
sequestradora do radical ABTS, apo0s a inducao da colite com solugéo de acido acético;

- Avaliar o efeito da vimpocetina sobre a hiperalgesia mecénica visceral apos a
inducéo da colite com solug&o de acido Acético;

- Avaliar o efeito do tratamento com vimpocetina sobre os niveis das citocinas I1L-1(,
IL-10, TNF-a e IL-33 no tecido coldnico apos a inducdo da colite com solu¢do de acido
aceético;

- Avaliar o efeito do tratamento com a vimpocetina sobre a ativacdo do NF-kB apés a

indugdo da colite com solugao de acido acético;
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3 MATERIAIS E METODOS

3.1 Materiais

Vimpocetina foi adquirida da Tianjin Harmony Technology Development Co. (China),
brometo de hexadecil trimetil-amonio (HTAB); dihidrocloreto de O-dianisidina; tween 80;
glutationa reduzida (GSH); glutaraldeido; EDTA,; cloreto de ferro hexahidratado; 2,4,6-
tripiridil-s-triazina (TPTZ); 2,2-azinobis (3-etilbenzotiazolina-6-sulfonato, sal de diaménio;
ABTS); Trolox (acido 6-hidroxi-2,5,7,8-tetrametilcroman-2-carboxilico); e persulfato de
potassio foram adquiridos da Sigma Chemical Co. (St. Louis, USA). Kits para dosagem de
IL-1B8, IL-33 e IL-10 foram adquiridos da eBioscience (San Diego, USA). Para a
determinacédo da ativacdo do NF-kB os anticorpos primarios foram adquiridos da Santa Cruz
Biotechnology (Santa Cruz, CA, USA), e os anticorpos secundérios foram adquiridos da
©Jackson ImmunoResearch Inc. (IgG Affinity-Purified Antibodies, West Baltimore Pike, West
Grove, PA, USA). Todos os reagentes utilizados foram de grau analitico.

3.2 Animais Experimentais

Os experimentos foram realizados em camundongos Swiss machos, pesando 20 *
19, provenientes do Biotério Central da Universidade Estadual de Londrina, PR, Brasil. Pelo
menos 2 dias antes e durante 0s experimentos, os animais foram mantidos no
Departamento de Ciéncias Patolégicas da Universidade Estadual de Londrina, em caixas
plasticas, forradas com maravalha, em ciclo de 12 horas claro/escuro e temperatura entre
21+ 2°C. A agua e racao foram administradas ad libitum, com excec¢do das 24 horas que
antecediam os experimentos, periodo no qual os animais foram mantidos em jejum sdlido.
Os procedimentos de cuidado e manuseio dos camundongos foram realizados de acordo
com as orientacdes da IASP e aprovado pela Comiss&o de Etica no Uso de Animais (CEUA)
da Universidade Estadual de Londrina (n° processo: 3307.2015.37). Todos os esforgos

foram feitos para minimizar o nimero de animais e seu sofrimento.

3.3 Inducéo da colite experimental

Os animais foram anestesiados com quetamina (80 mg/kg, im) e xilazina (10 mg/kg,
im) ap6s 24 horas de jejum sdlido. Os camundongos receberam 100 uL (intracoldnico) de
solucdo salina estéril para lavagem do colon dos animais. Uma hora apds, os camundongos

receberam 200 pL (intracolénico) de solucéo de acido acético 7,5% (v/v em salina) ou salina



734
735
736
737

738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762

25

(intracolénico). Os camundongos foram mantidos de cabeca para baixo por 3 minutos para
evitar o extravasamento do liquido. As injecbes intracol6nicas foram realizadas com uma

canula de polietileno de 3 cm de comprimento (GUAZELLI et al., 2013).

3.4 Protocolos experimentais e tratamento

Foram utilizados dois protocolos experimentais: (A) Os camundongos foram tratados
2 horas antes da indugéo da colite e 4, 10 e 16 horas ap0s a indugdo. Nesse protocolo os
camundongos foram eutanasiados 18 horas ap0s e inducdo da colite. Apds eutanasia, foi
realizada a determinac¢éo da atividade da MPO, avaliacdo da lesdo macroscépica, dosagem
de citocinas (IL-1pB, IL-10, IL-33 e TNF-a) de acordo com Guazelli et al. (2013) e ativacéo do
NF-kB. A andlise da hiperalgesia mecanica visceral foi realizada 3 e 17 horas apoés e
inducdo da colite (figura 1A). No segundo protocolo (B), os camundongos foram tratados 10
e 4 horas antes da indugéo da colite, e 2 horas ap0és a inducdo. Nesse protocolo, 0s animais
foram eutanasiados 4 horas apos e inducdo da colite. Apos eutanasia, as amostras do célon
distal (1 cm) foram coletadas para os ensaios de GSH e ABTS de acordo com Guazelli et al.
(2013), além disso, foi realizada a analise do edema. A hiperalgesia mecanica visceral foi
realizada 3 horas apds a inducédo da colite (figura 1B). Foram utilizados os seguintes grupos
experimentais: (1) grupo controle, animais sem colite (animais receberam apenas salina
intracolénico; (2) grupo colite, (animais receberam solucdo de é&cido acético a 7,5%
intracolonico, sem tratamento); (3) grupo vimpocetina, (animais receberam a solucdo de
acido acético a 7,5% intracoldnico e tratados com vimpocetina [1, 3, 10 ou 30 mg/Kg
solubilizada em 20% de tween 80 em salina] por via oral). A analise do edema, a
determinagéo da atividade do MPO e a hiperalgesia mecéanica visceral foram utilizadas para
padronizacdo de dose para 0s demais ensaios. Os protocolos de tratamento foram
realizados conforme meia-vida da vimpocetina de aproximadamente 2h (POLGAR;
VERECZKEY; NYARY, 1985). A padronizacdo do modelo e os tempos de coleta das
amostras (4 e 18 horas ap6s a inducao da colite) foram determinados previamente por
Guazelli et al. (2013).
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A Atividade da MPO
Analise macroscopica
‘ Administragdo viaretal Dosagem de citocinas

de Acido acético ou Salina Ativagdo NF-kB

| | 1 | T 1>
-2h Oh 10h 16h  17h 18h

3h  4h
Hiperalgesia Hiperalgesia
mécanica mecanica

Administragdo via retal
de Acido acético ou Salina

|

| | | | | >
-10h - 4h Oh 2h 3h 4h

Vimpocetina Hiperalgesia
mecanica

Figura 1 — Representacdo esquematica dos protocolos experimentais para inducdo da colite com
acido acético e tratamento com vimpocetina. (A) Os camundongos foram tratados com vimpocetina 2
horas antes; 4, 10 e 16 horas apés a indugdo na colite. O teste do von Frey foi realizado 3 e 17 horas
apos a inducdo da colite e as amostras da porcado distal do célon (1 cm) foram coletadas 18 horas
apos a indugdo da colite para a determinacdo da atividade da MPO, analise macroscoépica, dosagem
de citocinas e ativacdo do NF-kB. (B) Os camundongos foram tratados com vimpocetina 10 e 4 horas
antes; e 2 horas ap6s a inducéo da colite. O teste do von Frey foi realizado 3 horas ap6s a indugdo da
colite e as amostras da por¢éo distal do colon (1 cm) foram coletadas 4 horas apés a inducao da

colite para a avaliacdo do edema, GSH e ABTS.

3.5 Avaliacdo do Edema

Fragmentos da porcdo distal dos colons dos camundongos, medindo 1 cm de
comprimento, foram coletados e pesados para avaliagdo do edema no tecido. Apos
determinagdo do peso, em gramas, de 1 cm de tecido colbnico, os resultados foram

expressos em % de aumento [do peso (g) / comprimento do tecido colénico (cm)], em
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relacdo ao grupo controle sem colite (BARBOSA, 2011; GUAZELLI et al., 2013; LEE et al.,
2009).

3.6 Determinacdo da atividade da mieloperoxidase (MPO)

A atividade da MPO no c6lon dos camundongos foi medida por método colorimétrico,
descrito por Guazelli et al. (2013). Amostras de 1 cm da por¢do distal do célon foram
coletadas em tampdao fosfato de potassio 50 mM (pH 6,0) contendo HTAB (brometo de
hexadecil trimetil-amonio) 13,72 mM e armazenadas a -80°C. No dia do ensaio, as amostras
foram homogeneizadas com auxilio do ultraturrax (ULTRA-TURRAX® - Ika), centrifugadas
(16,1 g, 4°C, 2 minutos) e o sobrenadante foi utilizado para a reacao colorimétrica em placa
de 96 pogos. A cada aliquota de 15 yL de amostra foi adicionado 200 pL da solugéo de
reacdo contendo 52,64 mM de dihidrocloreto de O-dianisidina e 0,05% de H,O, 30% em
tampédo fosfato de potassio 50 mM (pH 6,0). As leituras foram realizadas a 450 nm
(Multiskan GO Thermo Scientific), e o numero de neutréfilos por mg de tecido foi

determinado utilizando-se uma curva padréo de neutrofilos.

3.7 Hiperalgesia mecanica visceral

A hiperalgesia mecénica visceral foi avaliada pelo teste eletrénico do von Frey, de
acordo com Pereira et al. (2013). Os camundongos foram alocados em gaiolas de acrilico
(12 x 10 x 17 cm) com pavimentos de grades de arame em uma sala com temperatura
controlada e silenciosa 30 minutos antes do inicio das medicdes. O teste consistiu em
provocar uma resposta de retirada do animal com um transdutor de forga portatil
(analgesimetro eletrénico; Insight, Ribeirao Preto, SP, Brasil) adaptado a uma ponteira de
polipropileno de 0.5 mm?, que foi aplicada na regido do abdémen inferior até o abdémen
médio. O experimentador foi treinado e cuidados foram tomados para ndo estimular o
mesmo ponto consecutivamente e evitada a estimulagdo da genitdlia externa. Apoés retirada,
a intensidade da pressao foi automaticamente registrada, com valores da média de trés
medi¢cdes. Foi considerada como resposta de retirada um dos seguintes comportamentos:
retracdo acentuada do abdémen; lambida imediata ou cocar do local da aplicacdo da
ponteira; salto; ou sacudida de pata (flinches) (LAIRD et al.,, 2001). Os resultados foram
expressos como o delta (A) do limiar de retirada (em gramas), calculado subtraindo os
valores médios obtidos 3 ou 17 horas ap0s a indugéo da colite dos valores médios basais

(antes do tratamento com vimpocetina e inducdo de colite).
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3.8 Avaliagdo das lesdes macroscopicas
Apdés a eutanasia dos camundongos, os coélons foram expostos, abertos
longitudinalmente e os escores de lesdo foram determinados de acordo com os achados

macroscopicos (GUAZELLI et al., 2013), de acordo com a tabela 1.

Tabela 1 - indices macroscopicos de colite segundo Guazelli et al.(GUAZELLI et al., 2013).

Escore Achados macroscoépicos

0 Sem danos

Hiperemia sem ulceragdes

Ulcerag0es lineares sem inflamagao significativa

Ulcerag0es lineares com inflamag¢éo em um local

Dois ou mais locais de inflamacéo e ulceragéo

gl M| W N|

Area da lesdo > 1 cm ao longo do célon

Area de lesdo > 2 cm ao longo do comprimento do
6-10 colon. A quantificagcdo é aumentando em 1 para

cada centimetro adicional

3.9 Determinacgdo da glutationa reduzida (GSH)

Os niveis de GSH nas amostras da porcéo distal do c6lon dos camundongos foram
determinados por método espectrofotométrico previamente descrito (GUAZELLI et al.,
2013). Amostras de 1 cm da porcéo distal foram coletadas em solucdo de EDTA 0,02 M e
homogeneizadas com auxilio do ultraturrax (ULTRA-TURRAX® - lka). Os homogenatos
foram tratados com &cido tricloroacético 30% e centrifugados (1,5 g, 4°C, 15 minutos). Em
seguida, foram adicionados 200 uL de tampéo Tris-HCI 0,4 M (pH 8,9) as aliquotas de 150
ML do sobrenadante de cada amostra. Apdés homogeneizacdo, 10 uL de DTNB (acido
ditionitrobenzdico) 0,01 M em metanol foi adicionado. Apds 5 minutos de reacao, a leitura foi
realizada a 412 nm (Multiskan GO Thermo Scientific). A curva padréo foi preparada com 0,5

MM de GSH, e os resultados expressos em nM de GSH por mg de tecido.
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3.10 Determinacgéo da capacidade sequestradora do radical ABTS

Amostras de 1 cm da porcao distal do célon foram coletadas em tampéo KCI (500
ML, 1.15% peso/volume) e homogeneizadas com auxilio do ultraturrax (ULTRA-TURRAX® —
Ika). Os homogenatos foram centrifugados (0,2 g, 4°C, 10 minutos) e os sobrenadantes
foram utilizados no ensaio. A solucéo de ABTS diluida (200 pL) foi adicionada a 10 pL de
amostra em cada pogo. Apos 6 minutos de incubacdo (25 °C) as absorvancias foram
determinadas a 730 nm (Multiskan GO Thermo Scientific). A capacidade sequestradora do
radical nas amostras foi determinada a partir de uma curva padrdo de Trolox (1,5 — 30
pmol/L) e os resultados foram expressos em mmol equivalente ao Trolox por mg de tecido,
que representa a quantidade de Trolox (em mmol) com um potencial antioxidante
equivalente a 1 mg do tecido (GUAZELLI et al., 2013).

3.11 Dosagem de citocinas

Amostras de 1 cm da porcao distal do célon foram coletadas em 500 pL de tampé&o
apropriado contendo inibidores de protease e homogeneizadas com auxilio do ultraturrax
(ULTRA-TURRAX® — lka). Apés homogeneizacdo, as amostras foram centrifugadas (0,8 g,
4°C, 10 minutos) e o sobrenadante foi utilizado para avaliar os niveis de citocinas por ELISA
(enzyme-linked immunosorbent assay) utilizando kits da eBioscience (Affymetrix, San Diego,
CA, USA) em 450 nm (Multiskan GO Thermo Scientific), de acordo com instrugdes do
fabricante. Os resultados foram obtidos comparando a densidade Optica com as densidades

das curvas padrdes, e expressos em pg por mg de tecido.

3.12 Ativacéo do NF-kB

Amostras de 1 cm da porc¢ao distal do colon foram coletadas em 300 uL em tampéo
RIPA contendo inibidores de proteases e fosfatases e homogeneizadas com auxilio do
ultraturrax (ULTRA-TURRAX® — Ika). Os homogenatos foram centrifugados (0.5 g, 4°C, 10
minutos) e os sobrenadantes utilizados para analise por western blot. Os extratos proteicos
foram separados por SDS-PAGE (gel de 10%) e transferidos para uma membrana de
nitrocelulose (GE Healthcare-Amersham, Pittsburgh, PA, USA). A membrana foi incubada
em tampé&o de bloqueio [5% albumina de soro bovino (BSA) ou 5% de leite sem gordura em
salina tamponada com Tris (TBS) com Tween 20] por 2 horas a temperatura ambiente,
lavadas com tampao TBS com Tween 20 e incubadas a noite toda & 4°C na presenca de

anticorpo primario diluido em 5% BSA ou 5% de leite sem gordura em TBS com Tween 20.
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Os anticorpos primarios utilizados para o Western blot foram p-NFkB p65 (sc-166748, 1:100)
e NFkB p65 (sc-372, 1:200). A massa molecular de proteina foi confirmada pelo
PageRulerTM Prestained Protein Ladder (Thermo Scientific, Rockford, IL, USA). Apos
lavagem em TBS com Tween 20, a membrana foi incubada com anticorpo secundario por 2
horas a temperatura ambiente. A proteina foi visualizada por quimioluminescéncia com
LuminataTM Forte Western HRP Substrate (Merck Millipore Corporation, Darmstadt,
Alemanha). Todos os anticorpos primarios foram adquiridos da Santa Cruz Biotechnology
(Santa Cruz, CA, USA), e os anticorpos secundéarios foram adquiridos da ©Jackson
ImmunoResearch Inc. (IgG Affinity-Purified Antibodies, West Baltimore Pike, West Grove,
PA, USA). A membrana foi estripada e re-blotada com anticorpo contra a proteina total de
interesse a ser utilizada como controle de carregamento. Os dados densitométricos foram
analisados utilizando Sistemas de Imagem Cientifica (Image Lab 3.0 software; Bio-Rad

Laboratories, Hercules, CA).

3.13 Andlise estatistica

Os dados foram expressos como média * erro padrdo da média de medidas feitas
em 6 animais por grupo e sao representativas de dois experimentos independentes, exceto
para os experimentos envolvendo andlise macroscépica (utilizados 17 animais por grupo e
sao representativos de dois experimentos independentes). Para dados em um Unico tempo
as diferencas estatisticas significativas entre os grupos foram avaliadas através do teste
paramétrico da andlise de variancia (ANOVA) de uma via seguida do pos-teste de Tukey.
Para dados em multiplos tempos (hiperalgesia), as diferencas estatisticas significativas entre
os grupos foram avaliadas através do teste paramétrico da analise de variancia (ANOVA) de
duas vias medidas repetidas, seguida do pés-teste de Tukey. Para a andlise dos escores
macroscopicos de lesdo colbnica, foi utilizado o teste ndo paramétrico de Kruskall-Wallis
seguido pelo teste de Dunn. As analises estatisticas foram realizadas usando-se o software
GraphPad Prism 5 (GraphPad Software Inc., San Diego, EUA). As diferencas foram

consideradas significativas para valores correspondentes a p < 0,05.
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4 RESULTADOS
4.1 Artigo Cientifico

O presente trabalho foi realizado no Laboratério de Dor, Inflamacéo, Neuropatia e
Cancer, da Universidade Estadual de Londrina e segue as normas da revista European
Journal of Pharmacology (normas no ANEXO A). Os resultados parciais estdo descritos no
artigo intitulado “Vinpocetine ameliorates acetic acid-induced colitis by inhibiting neutrophils
recruitment, oxidative stress, pro-inflammatory cytokines production, and NF-kB activation in

mice”.
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Abstract

The idiopathic inflammatory bowel diseases (IBD) comprise two types of chronic intestinal
disorders: Crohn's disease and ulcerative colitis. Neutrophils and macrophages recruitment
towards intestinal tissues is an important event given that in the inflammatory foci, these cells
produce ROS and NF-kB-dependent pro-inflammatory cytokines, which contribute to tissue
damage. A seminal advance was the introduction an anti-TNF-a monoclonal antibody as a
treatment for patients with IBD. However, this therapy is often limited by a loss of efficacy
due to the development of adaptive response, underscoring the need for novel therapies.
Vinpocetine is a nootropic drug known to have anti-inflammatory properties, partly by
inhibition of NF-kB and downstream cytokines, in addition to its antioxidant effect. Therefore,
the present study evaluated the effect of the vinpocetine in a model of acid acetic-induced
colitis in mice. Experiments were conducted in male Swiss. Treatment with vinpocetine
reduced edema, MPO activity, macroscopic damage score, visceral mechanical
hyperalgesia, NF-kB activation and thereby NF-kB-dependent pro-inflammatory cytokines IL-
18, TNF-a, and IL-33 in the colon. Vinpocetine prevented the reduction of colonic levels of
GSH, ABTS radical scavenging ability, normalized levels of anti-inflammatory cytokine IL-10.
Thus, we demonstrate for the first time that vinpocetine has anti-inflammatory, antioxidant,
and analgesic activity in a model of acid acetic-induced colitis in mice and therefore is a

promising molecule for the treatment of IBD.

Keywords: Vinpocetine. Inflammation. Oxidative stress. Abdominal Hyperalgesia.
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1. Introduction

Inflammatory Bowel Disease (IBD) is characterized by chronic inflammation of the
gastrointestinal tract and includes mainly the ulcerative Colitis (UC) and the Crohn Disease
(CD) (Souza and Fiocchi, 2015). Its incidence has been increasing in several regions of the
world, in this fashion, it can become a global disease (Molodecky et al., 2012). It takes place
with variations in the incidence and predominance in accordance with the region, more
commonly in industrialized countries, the urbanization being considered a risk factor (Burisch
et al., 2013; Soon et al., 2012). In the United States of America (USA) the IBD is one of the
five most common chronic intestinal conditions, with a total cost above 1.7 billion per year
(Abegunde et al., 2016).

IBD has a great impact on the individuals’ life quality and capacity of work (Neurath,
2014) due to the symptoms such as diarrhea, abdominal pain, vomiting, loss of weight,
anemia, fatigue, fever, fistulas, and extra-intestinal manifestations. More specifically to UC, it
occurs equally in both sexes, it affects only the colon, in a diffuse manner, recurrent and not
transmural (Baumgart and Sandborn, 2007). IBD occurs due to an unregulated immune
response triggered a response against intestinal microbiota in a genetically sensitive
individual (de Lange and Barrett, 2015; Molodecky and Kaplan, 2010). Neutrophils and
macrophages recruitment towards intestinal tissue is an important event. In the inflammatory
foci, these cells produce reactive oxygen species (ROS) and NF-kB-dependent pro-
inflammatory cytokines, contributing to tissue damage (Neurath, 2014). In this context,
cytokines have a fundamental role in the development and perpetuation of the disease. Pro-
inflammatory cytokines such as IL-1 B, TNF-a, and IL-33 are found in higher levels in
patients with IBD (Atreya et al., 2011; Beltran et al., 2010; McAlindon et al., 1998). In addition
to those, patients with mutations in IL-10 production or its receptor have more severe
disease with an early beginning (Lee et al., 2014). Chronic intestinal inflammation is
associated with the increased production of ROS, which have an important role in the IBD
physiopathology in both humans and animals (Karp and Koch, 2006; Pavlick et al., 2002).

Vinpocetine, a synthetic ethyl ester derived from vincamine, an alkaloid isolated from
the leaves of the Vinca minor (Lorincz C, Szasz K, 1976) has been used for the treatment of
cerebrovascular diseases, demonstrating a neuroprotective effect and an increase in the
cerebral blood flow (Bereczki and Fekete, 1999). Vinpocetine has in vitro and in vivo
antioxidant properties (Horvath et al., 2002; Ruiz-Miyazawa et al., 2015a, 2015b) in addition
to analgesic effect in different experimental models (Abdel-Salam, 2006; Ruiz-Miyazawa et
al., 2015a, 2015b). Jeon and colleagues demonstrated the anti-inflammatory property of

vinpocetine through the inhibition of the IKK, preventing the degradation of the IkB, the
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translocation of the NFkB to the nucleus, and consequently production of pro-inflammatory
mediators, such as IL-18 and TNF-a in vitro in several cell types and in vivo mouse model of
lung inflammation (Jeon et al., 2010). Vinpocetine reduces LPS- and carrageenan-induced
hyperalgesia by reducing neutrophils recruitment, oxidative stress, NF-kB activation, and
consequently pro-inflammatory cytokines, such as IL-1B, TNF-a, and IL-33 (Ruiz-Miyazawa
et al., 2015a, 2015b).

Therefore, vinpocetine is a promising therapeutic approach once there is the
participation of pro-inflammatory mediators, such as cytokines and ROS in the pathogenesis
of the IBD. Considering that there are no studies demonstrating the role of vinpocetine in the
model of colitis, to our knowledge, this is the first study evaluating the therapeutic effect of

vinpocetine in an acid acetic-induced colitis in mice.

2. Materials and Methods

2.1 Materials

Vinpocetine was purchased from Tianjin Harmony Technology Development Co.
(China), bromide of hexadecil trimethyl-ammonium (HTAB); dihydrochloride O-dianisidine;
tween 80; reduced glutathione (GSH); glutaraldehyde; EDTA; iron chloride hexahydrate;
2,4,6-tripiridil-s-triazine (TPT2); 2,2-azinobis (3-ethylbenzothiazoline-6-sulphonate,
diammonium salt; ABTS); Trolox (acid 6-hydroxy-2,5,7,8-tetramethyl croman-2-carboxyl);
and potassium persulfate were purchased from Sigma Chemical Co. (St. Louis, USA). Kits
for the dosage of IL-1B, IL-33, and IL-10 were purchased from eBioscience (San Diego,
USA). For determination of NF-kB activation, primary antibodies were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA), and the secondary antibody purchased from
Jackson® ImmunoResearch Inc. (IgG Affinity-Purified Antibodies, West Baltimore Pike, West

Grove, PA, USA). All the used reagents were of analytical degree.

2.2 Experimental animals

The experiments were conducted in Swiss male mice, weighing 20 = 1g, from the
Central vivarium of the Londrina State University, PR, Brazil. At least 2 days before and
during the experiments, the animals were maintained in the Department of Pathology of the
Londrina State University, in plastic boxes, covered with shavings, in clear/dark cycle of 12
hours and temperature between 21 + 2°C. The water and ration were administered ad
libitum, with the exception of 24 hours that preceded the experiments, a period in which the

animals were maintained in solid fast. The proceedings of care and handling of the mice
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were carried out in accordance with the directions of the International Association for the
Study of the Pain (IASP) and approved by the Londrina State University Ethics Committee on
Animal Research and Welfare (process number: 3307.2015.37). All the efforts were made to

minimize the number of animals and their suffering.

2.3 Induction of experimental colitis

Mice were anaesthetised with ketamine (80 mg/kg, im) and xylazine (10 mg/kg, im)
after 24 hours of solid fast. Mice received 100 pL (intracolonic) of sterile saline solution for
washing the colon of animals. One hour later, mice received 200 uL (intracolonic) of acetic
acid 7.5 % (v/v, in saline) or saline (intracolonic). Mice were maintained upside down for 3
minutes in order to avoid liquid extravasation. Intracolonic injection was performed with a

polyethylene cannula of 3 cm length (Guazelli et al., 2013).

2.4 Experimental protocols and treatment

Two experimental protocols were used: (A) mice were treated 2 hours before colitis
induction; and 4, 10, and 16 hours after colitis induction. In this protocol, mice were
euthanized 18 hours after colitis induction. After the euthanasia, the samples of the distal
colon (1 cm) for the determination of MPO activity, dosage of cytokines (IL-1 B, IL-10, IL-33,
and TNF-a) (Guazelli et al., 2013) and NF-kB activation. Macroscopic score was evaluated
using the whole colon (Guazelli et al., 2013). The visceral mechanical hyperalgesia was
evaluated 3 and 17 hours after colitis induction (figure 1A). The second protocol (B), mice
were treated 10 and 4 hours before colitis induction; and 2 hours after the induction. In this
protocol, mice were euthanized 4 hours after colitis induction. After the euthanasia, the
samples of the distal colon (1 cm) were collected for GSH and ABTS assays (Guazelli et al.,
2013), and edema. The visceral mechanical hyperalgesia was evaluated 3 hours after colitis
induction (figure 1B). For both protocols, the following experimental groups were used: (1)
control groups, animals without colitis (animals that received only saline, intracolonic); (2)
colitis group, (animals received intracolonic solution of acetic acid to 7.5%, without
treatment); (3) vinpocetine group, (animals received intracolonic solution of 7.5% acetic acid
and treated with vinpocetine [1, 3, 10, or 30 mg/kg solubilized in 20% of Tween 80 in saline]
orally). The vinpocetine dose was determined after analysis of edema, MPO activity, and
visceral mechanical hyperalgesia. The treatment protocols were performed considering the
vinpocetine half-life (approximately 2 hours) (Polgéar et al., 1985). The standardization of the
model and sample collection times (4 and 18 hours after colitis induction) were previously
determined by Guazelli et al. (2013).
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2.5 Edema

Fragment measuring 1 cm of the distal portion of the colon, was collected and
weighed for evaluation of the edema in the tissue. After determination of the weight, in
grams, of 1 cm of colon tissue, the results were expressed in % of increase (of the weight [g]
/ length of the colon tissue [cm]), regarding the control group without colitis (Barbosa, 2011,
Guazelli et al., 2013; Lee et al., 2009).

2.6 Myeloperoxidase activity assay

MPO activity in the colon of the mice was measured by the colorimetric method,
described by Guazelli et al. (2013). Samples of 1 cm of the distal portion of the colon were
collected in ice-cold 50 mM K,;HPO, buffer (pH 6.0) containing 0.5%
hexadecyltrimethylammonium bromide (HTAB) and kept at -80°C until use. Samples were
homogenized, centrifuged (16,100 g x 2 minutes x 4°C), and the resulting supernatant was
assayed for MPO activity spectrophotometrically at 450 nm (Multiskan GO Microplate
Spectrophotometer, Thermo Scientific, Vantaa, Finland), with three readings in 1 min. The
MPO activity of samples was compared to a standard curve of neutrophils. Briefly, 10 uL of
sample was mixed with 200 yL of 50 mM phosphate buffer, pH 6.0, containing 0.167 mg/mL
o-dianisidine dihydrochloride and 0.015% hydrogen peroxide. The results are presented as
MPO activity.

2.7 Visceral mechanical hyperalgesia

The visceral mechanical hyperalgesia was valued by the electronic test of von Frey,
in accordance with Pereira et al. (2013). The mice were allocated in acrylic cages (12 x 10 x
17 cm) with road surfaces of wire grills in a room with controlled temperature and silent 30
minutes before the beginning of the measurements. The test consisted in provoking a
withdrawal response from the animal with a transducer of portable force (electronic
analgesimeter; Insight, Ribeirao Preto, SP, Brazil) adapted to a tip of polypropylene of 0.5
mm?, which was applied in the lower abdomen up to the middle abdomen area. The
experimenter was trained and care was taken not to stimulate the same point consecutively
and the stimulation of the external genitalia was avoided. After withdrawal, the intensity of the
pressure was automatically registered, with values of the average of three measurements.
One of the following behaviors was considered as a withdrawal response: sharp retraction of
the abdomen; immediate licking or scratching of the tip application spot; jump; flinches (Laird
et al., 2001; Pereira et al. 2013). The results were expressed as the delta (A) of the

withdrawal threshold (in grams), calculated subtracting the mean of the values at 3 and 17
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hours after the colitis induction from the basal values (before vinpocetine treatment and

colitis induction).

2.8 Macroscopic damage score

After the euthanasia, colon was exposed, opened longitudinally and the damage
scores were determined in accordance with the macroscopic findings using the following
criteria outlined (Guazelli et al.,, 2013): no damage (score 0); localized hyperemia but no
ulcers (score 1); linear ulcers with no significant inflammation (score 2); linear ulcers with
inflammation at one site (score 3); two or more sites of ulceration and inflammation (score 4);
one site of inflammation >1 cm along the length of the colon (score 5); site of inflammation
>2 cm along the length of the colon, with quantification increased by 1 for each additional

centimeter (score 6-10).

2.9 GSH assay

The levels of GSH in the samples of the mice’s distal portion of the colon were
determined by the spectrophotometric method previously described (Guazelli et al. 2013).
Samples of 1 cm of the distal portion were collected and homogenized in a solution of EDTA
0.02 M using an ultraturrax (ULTRA-TURRAX® — lka). The homogenates were treated with
acid trichloroacetic at 30% and centrifuged (1.5 g x 15 minutes x 4°C). Next, 200 uL of Tris-
HCI 0.4 M (pH 8.9) buffer was added to the brackets of 150 pL of the supernatant of each
sample. After the homogenization, 10 pL of DTNB (dytionitro benzoic acid) 0.01 M in
methanol was added. After 5 minutes of reaction, the reading was carried out at 412 nm
(Multiskan GO Thermo Scientific). The standard curve was prepared with 0.5 uM of GSH,
and the results expressed in nM of GSH per mg of tissue.

2.10 ABTS assay

Samples of 1 cm of the distal colon were homogenized immediately in ice-cold KCI
buffer (500 pL, 1.15% weight/volume). The homogenates were centrifuged (0,2 g x 10
minutes x 4°C), and the supernatants were used in the assay. Diluted ABTS solution (200
ML) was mixed with 10 pL of sample in each well. After 6 min of incubation (25 °C), the
absorbance was measured at 730 nm (Multiskan GO, Thermo Scientific). The ABTS radical
scavenging ability in the samples was compared with a standard curve of Trolox (1.5 — 30
pmol/L) and the results are expressed in mmol of Trolox equivalent per mg of tissue (Guazelli
et al. 2013).
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2.11 Cytokines measurements

Samples of 1 cm of the distal colon were homogenized in 500 yL of the appropriate
buffer containing protease inhibitors. Cytokine levels were determined as described
previously by an enzyme-linked immunosorbent assay (ELISA) using eBioscience kits
(eBioscience, San Diego, CA, USA) accordingly with manufacturer instructions. The results
were expressed as picograms (pg) of cytokine per mg of tissue.

2.12 NF-kB activation

Samples of 1 cm of the distal colon were homogenized in RIPA buffer containing
protease and phosphatase inhibitors. The lysates were centrifuged (0.5 g x 10 min x 4°C)
and the supernatants used in western blot analysis. The protein extracts were separated by
SDS-PAGE and transferred to a nitrocellulose membrane (GE Healthcare-Amersham,
Pittsburgh, PA, USA). Membranes were then incubated in blocking buffer [5% bovine serum
albumin (BSA) in Tris-buffered saline (TBS) with Tween 20 or 5% nonfat milk] for 2 h at room
temperature and incubated overnight at 4°C in the presence of primary antibody diluted in
5% BSA in TBS with Tween 20 or 5% nonfat milk. The antibodies and Western blot
conditions were p-NFkB p65 (sc-166748, 1:100) and NFkB p65 (sc-372, 1:200) on 10% gel.
The molecular protein mass was confirmed by PageRuler™ Prestained Protein Ladder
(Thermo Scientific, Rockford, IL, USA). After washing in PBS with Tween 20, the membrane
was incubated with secondary antibody for 2 h at room temperature. Protein was visualized
by chemiluminescence with Luminata™ Forte Western HRP Substrate (Merck Millipore
Corporation, Darmstadt, Alemanha). The membranes were reprobed with antibody against
the total protein of interest to be used as loading control in addition to loading the same
amount of protein. Densitometric data were measured using Scientific Imaging Systems

(Image Lab 3.0 software; Bio-Rad Laboratories, Hercules, CA).

2.13 Statistical analysis

Results are expressed as mean + standard error of the mean (SEM) of measures
made in 6 mice per group and are representative of two independent experiments, except for
those in the macroscopic score (which were used 17 animals per group and are
representative of two independent experiments). Single time point analysis was evaluated
using one-way analysis of variance (ANOVA), followed by Tukey’s test. Multiple time points
analysis (hyperalgesia) was evaluated using the two-way analysis of variance (ANOVA)
repeated measures, followed by Tukey’s test. For categorical variables (analysis of the
macroscopic damage score of the colon), was evaluated using the nonparametric test of

Kruskal-Wallis was used, followed by Dunn’s test. The statistical analyses were performed in
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the GraphPad Prism 5 software (GraphPad Software Inc., San Diego, USA). The differences

were considered significant for corresponding values at p <0,05.

3. Results

3.1 Vinpocetine reduces acetic acid-induced edema and MPO activity

In the first series of experiments, it was evaluated edema and MPO activity, 4h and
18h after the colitis induction, respectively. Mice were treated with vinpocetine (1, 3, 10, or 30
mg/kg, p.o.), following protocol A (edema evaluation) or B (MPO activity), respectively.
Sample of the colon (1 cm) was collected 4h (edema evaluation) or 18h (MPO activity) after
colitis induction. All the doses of vinpocetine reduced edema significantly (Figure 2A). On the
other hand, only the dose of 30 mg/kg of vinpocetine reduced significantly MPO activity
(Figure 2B).

3.2 Vinpocetine reduces acetic acid-induced visceral mechanical hyperalgesia

Mice were treated with vinpocetine (1, 3, 10, or 30 mg/kg, p.0.) as per protocol A or
with vinpocetine (30 mg/kg, p.o.) as per protocol B. Mechanical hyperalgesia was evaluated
3h after colitis induction, following protocol A; or 3 and 17h after colitis induction following
protocol B. Intracolonic injection of acetic acid induced visceral mechanical hyperalgesia (as
observed with an increase of the delta threshold), which was reduced with vinpocetine (30
mg/kg) treatment in both protocols (Figure 3A and 3B). Given that, we choose the dose of 30

mg/kg of vinpocetine for the next experiments.

3.3 Vinpocetine reduces acetic acid-induced macroscopic damage

Mice were treated with vinpocetine (30 mg/kg, p.o.) following protocol B. The whole
colon was collected 18h after colitis induction. Intracolonic injection of acetic acid induced
severe tissue damage as observed at the site of inflammation higher than 2cm along the
length of the colon (Figure 4B and 4D). On the other hand, mice treated with vinpocetine (30

mg/kg) presented focal sites of milder inflammatory response (Figure 4C and 4D).

3.4 Vinpocetine inhibits acetic acid-induced oxidative stress

Next, the antioxidant effect of vinpocetine was evaluated. For this, mice were treated
with vinpocetine (30 mg/kg, p.o.), as per protocol B. Sample of the colon (1 cm) was
collected 4h after colitis induction. Acetic acid reduced the levels of GSH and the treatment

with vinpocetine (30 mg/kg, p.o.) normalized it (Figure 5A). Also, acetic acid depleted total
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antioxidant capacity (ABTS radical scavenging ability assay) and the treatment with

vinpocetine (30 mg/kg) restored total antioxidant capacity (Figure 5B).

3.5 Vinpocetine reduces acid acetic-induced production of pro-inflammatory cytokines
(IL-1 B, TNF-a, and IL-33) and normalizes the anti-inflammatory cytokine IL-10

Mice were treated with vinpocetine (30 mg/kg, p.o.), as per protocol B. Sample of the
colon (1 cm) was collected 18h after colitis induction. Acetic acid induced the production of
pro-inflammatory cytokines (IL-18, TNF-a, and IL-33) and the treatment with vinpocetine (30
mg/kg) reduced significantly the production of IL-13, TNF-a, and IL-33 induced by acetic acid
(Figure 6A-C). In addition, intracolonic injection of acetic acid reduced the levels of IL-10.
Treatment with vinpocetine (30 mg/kg) normalized IL-10 levels (Figure 6D).

3.6 Vinpocetine inhibits acetic acid-induced NF-kB activation.

Mice were treated with vinpocetine (30 mg/kg, p.o.), as per protocol B. Sample of the
colon (1 cm) was collected 18h after colitis induction. The concentration of phosphorylated
and total NF-kB p65 subunit was determined by western blot by measuring the ratio of
phosphorylated and total NF-kB. Therefore, the elevation in the ratio points the increase in
NF-kB activation. Acetic acid induced the NF-kB activation and the treatment with

vinpocetine (30 mg/kg) inhibits NF-kB activation (Figure 7A and 7B).

4. Discussion

In the present work, we observed that vinpocetine presents anti-inflammatory,
antioxidant, and analgesic effect in a model of acetic acid-induced colitis in mice. This effect
was demonstrated through the reduction of edema; MPO activity; macroscopic damage;
visceral mechanical hyperalgesia; oxidative stress (normalization of GSH levels and ABTS
radical scavenging ability); NF-kB activation; production of pro-inflammatory cytokines such
as IL-1 B, TNF-qa, and IL-33, and normalization of the anti-inflammatory cytokine IL-10 levels.
To our knowledge, this is the first demonstration of vinpocetine effect on experimental colitis.

IBD has a great impact on the patients’ quality of life, and the most common
symptoms are diarrhea (blood and/or mucus), abdominal pain, vomiting, loss of weight,
anemia, fatigue, fever, fistulas, and extra-intestinal manifestations (Neurath, 2014). It is an
intermittent disease switching from light to severe during the acute phase, and lessening
during the remission phase (Bernstein et al., 2010; de Lange and Barrett, 2015; Neurath,
2014). The current treatment of the UC consists mainly in the use of mesalazine,

corticosteroids, immunosuppressant, and anti-TNF-a monoclonal antibodies (Kane, 2006).
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However, these therapies present several side effects and monoclonal antibodies efficacy
are often limited by a loss of efficacy due to the development of adaptive response or present
several side effects, underscoring the need for novel therapies (Goldberg and Irving, 2015;
Hansen et al., 2007; Higgins et al., 2015; Lukert and Raisz, 1990). In this sense, some
clinical studies demonstrated that vinpocetine is a safe drug in the long term, without
significant side effects (Balestreri et al., 1987; Thal et al.,, 1989; Zhang et al., 2016).
Vinpocetine is absorbed in the stomach and intestine, being able to cross the blood-brain
barrier. Its metabolizing process, in humans and dogs, occurs exclusively in the liver, but
plasma metabolism occurs only in rats (Fandy et al., 2016; Szakacz et al., 2001). In spite of
being known as a fosfodieterase-1 (PDE-1) inhibitor, recent data suggest that vinpocetine
also has anti-inflammatory action independent on targeting PDE-1. In fact, vinpocetine
reduces LPS- and carrageenan-induced NF-kB activation in vivo (Ruiz-Miyazawa et al.,
2015a, 2015b). This mechanism accounts for the inhibition of IKK (Jeon et al., 2010) or the
inhibition of the NF-kB upstream enzyme Akt (Zhuang et al., 2013), which prevents the
degradation of IkB, translocation of NF-kB to the nucleus, and consequently inhibition of NF-
kB-dependent cytokines, such as IL-1B and TNF-a (Jeon et al., 2010).

Neutrophils infiltration in the inflamed mucosal membrane is an important histological
finding in patients with IBD, specifically in UC. In the inflammatory foci, neutrophils contribute
to tissue damage and dysfunction of the mucosal membrane (Higa et al., 1997). In fact,
neutrophil is an important source of ROS and pro-inflammatory cytokines, which can further
contribute to tissue damage. The disease activity correlates with the neutrophils influx in the
mucosal membrane, resulting in the formation of abscesses crypts (Blake et al., 2004;
Carrigan et al., 2005). MPO is an abundant enzyme mainly in azurophils granules of
neutrophils (Naito et al., 2007). It is involved in the generation of hypochlorous acid, a
powerful oxidant that possesses bactericidal activity, but also produces tissue damage
(Klebanoff, 2005). MPO can be used as a quantitative indicator of the inflammation due to its
activity being directly proportional to a number of neutrophils (Krawisz et al., 1984). Our
results show that vinpocetine reduces edema, macroscopic score, and MPO activity in a
model of colitis induced by acetic acid. In lung tissue, vinpocetine was able to reduce TNF-a-
and lipopolysaccharide (LPS)-induced neutrophils recruitment (Jeon et al., 2010). Recent
data demonstrated what vinpocetine reduces MPO activity and leukocytes recruitment (Ruiz-
Miyazawa et al., 2015a, 2015b). Therefore, the reduction of neutrophils recruitment is an
important finding.

Reactive species of oxygen (ROS) play an important role in the pathophysiology of
IBD (Karp and Koch, 2006; Pavlick et al., 2002; Pravda, 2005). In fact, patients with IBD

have lower antioxidant capacity (even in the asymptomatic phase of the disease) (Achitei et
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al., 2013) and present higher levels oxidative DNA damage (Pereira et al., 2016) than
healthy individuals. Inflammatory cells activation such as neutrophils and macrophages
causes the elevated production of superoxide anion, nitric oxide, and peroxynitrite, resulting
in the establishment of oxidative stress in the IBD (Pacher et al., 2007). Importantly, ROS
also modulates the NF-kB activation and consequently, increase the expression of cytokines
pro-inflammatory, adhesion molecules, and the perpetuation of the inflammation (Chiurchiu
and Maccarrone, 2011; Christman and Blackwell, 2000; Maloy and Powrie, 2011). In fact,
treatment with antioxidants such as the flavonoid quercetin (Guazelli et al., 2013) or the GSH
precursor N-acetylcysteine (NAC) (Amrouche-Mekkioui and Djerdjouri, 2012) reduces colitis-
induced oxidative stress. In vitro data, demonstrated that vinpocetine is a powerful
antioxidant molecule (Horvath et al., 2002). Vinpocetine reduces in vivo lipid peroxidation,
nitrite production, and restores GSH and total antioxidant defense in different models, such
as carrageenan- and LPS-induced inflammation (Ruiz-Miyazawa et al., 2015a, 2015b). This
mechanism is related to the ability of scavenges hydroxyl radicals and other ROS (Santos et
al., 2000; Zaki and Abdelsalam, 2013). Corroborating, our results show that vinpocetine
inhibits the oxidative stress by normalizing total antioxidant capacity and GSH levels and
prevented the reduction of ABTS radical scavenging ability in acetic acid-induced colitis.
Abdominal pain is a common symptom reaching up to 70% of the patients who seek
medical assistance, either in cases of initial diagnosis or in episodes of relapses (Aghazadeh
et al., 2005; Wagtmans et al., 1998). As matter of fact, depression and anxiety are common
symptoms of patients with IBD due to the chronic abdominal pain (Regueiro et al., 2017).
Inflammatory mediators such IL-1B, TNF-a, IL-33, and the nerve growth factor (NGF)
released by neutrophils, macrophages, and mast cells can activate nociceptors and induce
pain (Binshtok et al., 2008; Jin, 2006; Wright, 1999; Zarpelon et al., 2013). In fact, mice
lacking ST2 (IL-33 receptor) or TNFR1 (TNF-a receptor) present decreased abdominal pain
(Magro et al., 2013; Yamacita-Borin et al., 2015). In addition to that, ROS such as superoxide
and peroxynitrite are also able to induce hyperalgesia (Ma et al., 2009; Maioli et al., 2015;
Salvemini et al., 2011; Wang et al., 2004). In fact, intraperitoneal injection of a superoxide
anion donor causes abdominal contortions in mice (Maioli et al., 2015). Vinpocetine has been
shown to reduce pain in different experimental models (Abdel-Salam, 2006; Ruiz-Miyazawa
et al., 2015a, 2015b). Vinpocetine reduces LPS- and carrageenan-induced hyperalgesia by
reducing neutrophils recruitment, oxidative stress, NF-kB activation, and consequently pro-
inflammatory cytokines, such as IL-1B, TNF-a, and IL-33 (Ruiz-Miyazawa et al., 2015a,
2015b). Whole-Cell voltage-clamp recording demonstrated that vinpocetine blocks Navl1.8
sodium current inward (Zhou et al., 2003), and is another possible mechanism by which

vinpocetine exerts its analgesic effect. This is important given that Navl1.8 are channels



1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410

44

present in DRG sensory neuron and its activity is related to pain (Zhou et al., 2003).
Vinpocetine also blocks the axoplasmic transport of NGF in the peripheral sensory neurons
and reduces the release of the pain-related neuropeptides substance P and CGRP in the
spinal cord (Knyihar-Csillik et al., 2007). Herein, we observed that vinpocetine reduced
colonic neutrophils recruitment and production of hyperalgesic cytokines, such as IL-13,
TNF-a, and IL-33, which may account for its analgesic effect. Therefore, the inhibition of
acetic acid-induced visceral mechanical hyperalgesia is an important finding, given that
abdominal pain is a symptom inherent of patients with IBD (Akbar et al., 2008). Of note,
vinpocetine also presented antidepressant-like activity in the forced swimming test (Abdel-
Salam, 2006). Given the prevalence of depression on IBD, vinpocetine could not only
modulates pain but also modulates mood.

Cytokines have a central role in the development and perpetuation of IBD (Neurath,
2014). In fact, higher levels of IL-18 was found in the colon of patients with active IBD
(McAlindon et al., 1998). This finding can be correlated with disease activity and colon
damage (Ludwiczek et al., 2004). Another important cytokine, TNF-a attached to the
membrane or soluble, is increased in patients with IBD (Atreya et al., 2011). IL-33 is another
important cytokine, given that its level is correlated with disease activity and is found in
higher levels in patients with UC when compared with patients with CD or healthy individuals
(Beltran et al., 2010). On the other side, the anti-inflammatory cytokine IL-10 has important
role homeostatic regulation of the intestinal inflammatory response. In fact, mice lacking IL-
10 develops spontaneous gut inflammation, which is reverted by treatment with recombinant
IL-10 (Steidler et al., 2000). Patients with mutations in IL-10 production or its receptor have
more severe disease with an early beginning (Lee et al., 2014). Our results show that
vinpocetine inhibits the NF-kB activation, which explains the reduced levels of pro-
inflammatory cytokines such as IL-1B, TNF-a, IL-33, and normalized levels of anti-
inflammatory cytokine IL-10. Corroborating, other studies demonstrated that vinpocetine
reduces the production of pro-inflammatory cytokines such as IL-1B, TNF-a, and IL-33 by
inhibiting NF-kB activation (Jeon et al., 2010; Ruiz-Miyazawa et al., 2015a, 2015b)
demonstrating that this signaling pathway is one of the targets of vinpocetine. Importantly, in
vitro evidence demonstrate that NF-kB p65 antisense oligonucleotides reduces the
expression of NF-kB p65 subunit and the NF-kB-dependent cytokines IL-18 and IL-8 in the
lamina propria mononuclear cells from patients with ulcerative colitis (Li et al., 2008),

demonstrating the clinical relevance of inhibiting this signaling pathway.
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5. Conclusions

The present study demonstrated for the first time that vinpocetine ameliorates acetic
acid-induced colitis due to inhibition of neutrophils recruitment, abdominal hyperalgesia,
oxidative stress, pro-inflammatory cytokines production, and NF-kB activation. To the best of
our knowledge, this is the first report demonstrating the effect of vinpocetine on experimental
colitis. Given the therapeutic effects herein observed, the fact that vinpocetine is a safe drug
because it presents no side effects and is widely used in the clinic for cerebrovascular
diseases, our data suggest that vinpocetine is a promising molecule for the treatment of IBD

such as ulcerative colitis.
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Figure 1. Schematic representation of colitis experimental protocols and treatment
with vinpocetine. In the first protocol, mice were treated with vinpocetine 2 hours before; 4,
10, and 16 hours after colitis induction. Visceral mechanical hyperalgesia was assessed 3
and 17 hours after colitis induction. Samples from the distal portion of the colon (1 cm) were
collected 18 hours after colitis induction for determination of MPO activity, macroscopic
damage, cytokine production, and NF-kB activation (Panel A). In the second protocol, mice
were treated with vinpocetine 10 and 4 hours before; and 2 hours after colitis induction.
Visceral mechanical hyperalgesia was performed 3 hours after colitis induction. Samples
from the distal portion of the colon (1 cm) were collected 4 hours after colitis induction for
evaluation of edema, GSH and ABTS (Panel B).
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Figure 2. Vinpocetine reduces acetic acid-induced edema and MPO activity. Mice were
treated with vinpocetine (1, 3, 10, or 30 mg/kg, p.o.) or vehicle (20% tween 80 in saline, p.o.)
10 and 4 hours before injection of acetic acid (7.5%, 200 yL) or saline (200 uL), respectively;
and 2 hours after (Panel A), as per protocol B. Mice were treated with vinpocetine (1, 3, 10,
or 30 mg/kg, p.o.) or vehicle 2 hours before acetic acid (7.5%, 200 uL) or saline (200 pL)
injection, respectively; and 4, 10, and 16 hours after (Panel B), as per protocol A. Samples
from distal colon were collected 4 hours after colitis induction (Panel A) and 18 hours after
colitis induction (Panel B). Results are presented as means £ SEM, n = 6 mice per group per
experiment, two independent experiments [*p < 0.05 vs. saline control; #p < 0.05 vs. 0 mg/kg
(vehicle), (ANOVA followed by Tukey's test)].
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Figure 3. Vinpocetine reduces acetic acid-induced visceral mechanical hyperalgesia.
Mice were treated with vinpocetine (1, 3, 10, or 30 mg/kg, p.0.) or vehicle (20% tween 80 in
saline, p.o.) 10 and 4 hours before injection of acetic acid (7.5%, 200 L) or saline (200 pL),
respectively; and 2 hours after (Panel A), as per protocol B. Mice were treated with
vinpocetine (1, 3, 10, or 30 mg/kg, p.o.) or vehicle 2 hours before injection of acetic acid
(7.5%, 200 pL) or saline (200 uL), respectively; and 4, 10, and 16 hours after (Panel B), as
per protocol A. Visceral mechanical hyperalgesia was assessed 3 hours after colitis induction
(Panel A); or 3 and 17 hours after colitis induction (Panel B). Results are means + SEM, n =
6 mice per group per experiment, two independent experiments {*p < 0.05 vs. saline control;
#p < 0.05 vs. 0 mg/kg [vehicle], [one-way ANOVA followed by Tukey's test (Panel A)] [two-
way ANOVA followed by Tukey's test (Panel B)]}.
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Figure 4. Vinpocetine decreases acetic acid-induced macroscopic damage. Mice were
treated with vinpocetine (30 mg/kg, p.o.) or vehicle (20% tween 80 in saline, p.0.) 2 hours
before injection of acetic acid (7.5%, 200 uL) or saline (200 pL), respectively; and 4, 10, and
16 hours after (Panel B), as per protocol A. Samples from distal colon were collected 18
hours after colitis induction and the macroscopic damage score was determined. Saline
control (Panel A), Colitis + vehicle (Panel B), Colitis + vinpocetine 30 mg/kg (Panel C), and
macroscopic score (Panel D). Results are presented as means + SEM, n = 17 mice per
group per experiment, two independent experiments [*p < 0.05 vs. saline control; #p < 0.05
vs. 0 mg/kg (vehicle), (Kruskal-Wallis non-parametric test followed by Dunn's test)].
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Figure 5. Vinpocetine inhibits acetic acid-induced oxidative stress. Mice were treated
with vinpocetine (30 mg/kg, p.o.) or vehicle (20% tween 80 in saline, p.o.) 10 and 4 hours
before injection of acetic acid (7.5%, 200 pL) or saline (200 pL), respectively; and 2 hours
after (Panel A and B), as per protocol A. Samples from distal colon were collected 4 hours
after colitis induction. Results are presented as means + SEM, n = 6 mice per group per
experiment, two independent experiments [*p < 0.05 vs. saline control; #p < 0.05 vs. 0 mg/kg
(vehicle), (ANOVA followed by Tukey's test)].
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Figure 6. Vinpocetine reduces acetic acid-induced pro-inflammatory cytokines (IL-18,
TNF-a, and IL-33) and prevents the depletion of the anti-inflammatory cytokine IL-10.
Mice were treated with vinpocetine (30 mg/kg, p.o.) or vehicle (20% tween 80 in saline, p.o.)
2 hours before injection of acetic acid (7.5%, 200 uL) or saline (200 uL), respectively; and 4,
10, and, 16 hours after, as per protocol A. Samples from distal colon were collected 18 hours
after colitis induction for the determination of IL-1B (Panel A), TNF-a (Panel B), IL-10 (Panel
C), and IL-33 (Panel D) production. Results are presented as means + SEM, n = 6 mice per
group per experiment, two independent experiments [*p < 0.05 vs. saline control; #p < 0.05
vs. 0 mg/kg (vehicle), (ANOVA followed by Tukey's test)].
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Figure 7. Vinpocetine inhibits acetic acid-induced NF-kB activation. Mice were treated
with vinpocetine (30 mg/kg, p.o.) or vehicle (20% tween 80 in saline, p.0.) 2 hours before
injection of acetic acid (7.5%, 200 uL) or saline (200 uL), respectively; and 4, 10, and, 16
hours after, as per protocol A. Samples from distal colon were collected 18 hours after colitis
induction for the determination of NF-kB activation (Panel A and B). Results are presented as
means + SEM, n = 6 mice per group per experiment, two independent experiments [*p < 0.05
vs. saline control; #p < 0.05 vs. 0 mg/kg (vehicle), (ANOVA followed by Tukey's test)].
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5 CONCLUSOES

No presente estudo, verificamos que a vimpocetina possui efeito anti-inflamatorio,
antioxidante e analgésico em modelo de colite induzida por &cido acético. Esse efeito foi
demonstrado através da reducdo de parametros inflamatorios no célon dos animais, como
edema; da atividade da MPO; do dano macroscépico; da hiperalgesia mecénica visceral; da
inibicdo do estresse oxidativo observado pela normalizacdo dos niveis do GSH e da
capacidade antioxidante (ensaio ABTS); da reducdo da producdo de citocinas pro-
inflamatoérias como a IL-1B, o TNF-a e a IL-33, normalizagdo dos niveis da citocina anti-
inflamatodria IL-10 e inibicdo da ativacdo do NF-kB. Considerando que a terapia convencional
pode levar ao aparecimento de efeitos adversos graves, e que em contrapartida, a
vimpocetina é segura por apresentar poucos efeitos adversos e ser amplamente utilizada na
clinica para doencas cerebrovasculares, em adigdo aos dados do presente estudo, podemos
concluir que essa molécula se mostra como uma alternativa viavel para tratamento da DI,

como a colite ulcerativa.
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ANEXO A

Normas técnicas para a publicagdo na revista cientifica European Journal of Pharmacology.
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ANEXO A
Preparation and Submission of Manuscripts

INTRODUCTION

The European Journal of Pharmacology publishes full-length papers on the mechanisms of
action of chemical substances affecting biological systems. The journal also considers short
reviews (not exceeding 12 pages in print) intended to debate recent advances in rapidly
developing fields that are within its scope.

Full-length papers are grouped under the following headings: Behavioral pharmacology,
Neuropharmacology and analgesia, Cardiovascular pharmacology, Pulmonary,
gastrointestinal and urogenital pharmacology, Endocrine pharmacology,
Immunopharmacology and inflammation, and Molecular and cellular pharmacology.
Manuscripts submitted to the journal are accepted on the understanding that they are subject

to editorial review.

Types of paper

The journal publishes the following article types:
1. Research Paper

2. Review Atrticle

Please note that the journal no longer accepts submission of Rapid Communications

and Short Communications.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more

details.

Ensure that the following items are present:
One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:
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* All figures (include relevant captions)
* All tables (including titles, description, footnotes)
* Ensure all figure and table citations in the text match the files provided

* Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

» Permission has been obtained for use of copyrighted material from other sources (including
the Internet)

* Relevant declarations of interest have been made

+ Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal

publication.

Declaration of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years
of beginning the submitted work that could inappropriately influence, or be perceived to

influence, their work. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as
an electronic preprint, see 'Multiple, redundant or concurrent publication' section of our ethics
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its publication is approved by all authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not be published elsewhere in
the same form, in English or in any other language, including electronically without the
written consent of the copyright-holder. To verify originality, your article may be checked by
the originality detection service CrossCheck.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author list and (b) written confirmation
(e-mail, letter) from all authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author being
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Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the manuscript has
already been published in an online issue, any requests approved by the Editor will result in

a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a '‘Journal Publishing Agreement' form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s)
in the article. Elsevier has preprinted forms for use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete

an 'Exclusive License Agreement' (more information). Permitted third party reuse of open



2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
2435
2436
2437

74

access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work.

More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such

involvement then this should be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to
comply with their funder's open access policies. Some funding bodies will reimburse the
author for the Open Access Publication Fee. Details of existing agreements are available

online.

Open access

This journal offers authors a choice in publishing their research:

Open access
* Articles are freely available to both subscribers and the wider public with permitted reuse.
* An open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.

Subscription
 Articles are made available to subscribers as well as developing countries and patient
groups through our universal access programs.

* No open access publication fee payable by authors.
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Regardless of how you choose to publish your article, the journal will apply the same peer
review criteria and acceptance standards.
For open access articles, permitted third party (re)use is defined by the following Creative

Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised
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author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they
do not alter or modify the article.

The open access publication fee for this journal is USD 3300, excluding taxes. Learn more

about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access
page for further information. Authors can also self-archive their manuscripts immediately and
enable public access from their institution's repository after an embargo period. This is the
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communications. Embargo period: For subscription articles, an appropriate amount of time is
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freely available to the public. This is the embargo period and it begins from the date the
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research. The College of Skills training offers modules on how to prepare, write and structure
your article and explains how editors will look at your paper when it is submitted for
publication. Use these resources, and more, to ensure that your submission will be the best
that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct scientific English
may wish to use the English Language Editing service available from Elsevier's WebShop.

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single PDF
file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to
typeset your article for final publication. All correspondence, including notification of the

Editor's decision and requests for revision, is sent by e-mail.

Reviewers

Please submit, with the manuscript, the names, addresses and e-mail addresses of at least
three potential reviewers. Reviewers who do not have an institutional e-mail address will only
be considered if their affiliations are given and can be verified. Preferably international
reviewers should be nominated, and their areas of expertise must be stated clearly. Note that

the editor retains the sole right to decide whether or not the suggested reviewers are used.

Additional information

Please make sure to adhere to the following word limits:
Abstract: max. 250 words

Introduction: max. 500 words

Discussion: max. 1500 words

PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most

formatting codes will be removed and replaced on processing the article. In particular, do not
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use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very
similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier).
Note that source files of figures, tables and text graphics will be required whether or not you
embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-
check' functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to 'the
text'. Any subsection may be given a brief heading. Each heading should appear on its own

separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Please make sure to limit the length of this paragraph to max. 500 words.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published

should be indicated by a reference: only relevant modifications should be described.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. Avoid
extensive citations and discussion of published literature. Please make sure to limit the

length of this paragraph to max. 1500 words.

Conclusions
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The main conclusions of the study may be presented in a short Conclusions section, which

may stand alone or form a subsection of a Discussion section.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. Present the authors'
affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in
front of the appropriate address. Provide the full postal address of each affiliation, including
the country name and, if available, the e-mail address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address'")
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript Arabic

numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of
the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References
should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or
uncommon abbreviations should be avoided, but if essential they must be defined at their

first mention in the abstract itself.

Graphical abstract

A Graphical abstract is optional for this journal. It should summarize the contents of the
article in a concise, pictorial form designed to capture the attention of a wide readership
online. Authors must provide images that clearly represent the work described in the article.
Graphical abstracts should be submitted as a separate file in the online submission system.
Image size: please provide an image with a minimum of 531 x 1328 pixels (h x w) or

proportionally more, but should be readable on screen at a size of 200 x 500 pixels (at 96 dpi



2582
2583
2584
2585
2586
2587
2588
2589
2590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617

79

this corresponds to 5 x 13 cm). Bear in mind readability after reduction, especially if using
one of the figures from the article itself. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and nomenclature, and avoiding general and plural terms and multiple concepts (avoid, for

example, "and", "of"). Be sparing with abbreviations: only abbreviations firmly established in
the field may be eligible. These keywords will be used for indexing purposes.

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the article.
The list of compounds will be used to extract relevant information from the NCBI PubChem
Compound database and display it next to the online version of the article on ScienceDirect.
You can include up to 10 names of chemical compounds in the article. For each compound,
please provide the PubChem CID of the most relevant record as in the following example:
Glutamic acid (PubChem CID:611). Please position the list of compounds immediately below
the 'Keywords' section. It is strongly recommended to follow the exact text formatting as in
the example below:

Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium
chloride (PubChem CID: 15865)

More information.

Electrophoretic gels and blots

Gel and blot images of non-manipulated, non-cut gels or blots are preferred. Molecular
weight of relevant bands should be indicated in the image. If re-ordering of the sequence of
the samples is necessary, authors are encouraged to rerun the samples on a new gel/blot. If
irrelevant parts of the gel image (such as blank lanes or lanes with molecular weight
markers) are deleted or splicing of gel lanes is needed (because a rerun is not possible), this
should be explicitly described in the figure legend. Authors should add contrasting lines to
the image to show where sections have been spliced and joined. In cropped images
important bands should be retained and in cropped blots at least six band widths should be
visible above and below the band of interest. It is not allowed to combine images from
different experiments into a new single image.

It is discouraged to perform quantitative comparisons between samples on different gels or
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blots. If this is unavoidable, the authors should state in the figure legend that samples derive
from the same experiment and that gels/blots were processed in parallel. Quantitative
analysis should be normalized to loading controls (e.g. GAPDH, actin, non-phosphorylated
protein). Loading controls should be analyzed on the same blot.

Authors should retain their unprocessed gel/blot images, as editors may request them to aid

in manuscript evaluation.

Abbreviations

Abbreviations are a hindrance for the reader. Use as few abbreviations as possible and write
out names of compounds, receptors, etc., in full throughout the text of the manuscript, with
the exceptions given HERE.

Unnecessary abbreviations. Unnecessary abbreviations such as AP, TEP, TFT, CER, nAc
and LTFSE (for afterpotential, transepithelial potential, Tail-flick test, cold-exposed rats,
nucleus accumbens and sympatho-excitatory lateral tegmental field) are not acceptable.
Receptor abbreviations. Receptor abbreviations such as &bgr;AR, mAChR, BZR for &bgr;-
adrenoceptor, muscarinic receptor, benzodiazepine receptor, respectively, should not be
used. For receptors avoid the abbreviation "R". With receptor subtypes mention the full
receptor name throughout the manuscript e.g., adenosine Al receptor, dopamine D2
receptor, melanocortin MC3 receptor, endothelin ETA receptor.

Generic names. Generic names should not be abbreviated. For example, AMP, HAL, HIST,
RAMH, TAM, SST, for amphetamine, haloperidol, histamine, (R)-a -methylhistamine,
tamoxifen, somatostatin, are not accepted. Abbreviations such as (e.g., NA, DA, ACh, ET for
noradrenaline, dopamine, acetylcholine, endothelin, should not be used.

Abbreviations which have come to replace the full term. Abbreviations which have come to
replace the full term (e.g., GABA, DOPA, EDRF, 5HT, for &ggr;-aminobutyric acid, 3,4-
dihydroxyphenylalanine, endothelium-derived relaxing factor, 5-hydroxytryptamine) may be
used, provided the term is spelled out in the abstract and in the body of the manuscript the
first time the abbreviation is used.

Unwieldy chemical names. Unwieldy chemical names may be abbreviated. For example, 8-
OH-DPAT, DOI, DTG, BAPTA, for 8-hydroxy-2-(di-n-propylamino)tetralin, 1-(2,5-dimethoxy-
4-iodophenyl)-aminopropane,  1,3-di(2-tolyl)-guanidine,  1,2-bis(o-aminophenoxy)ethane-
N,N,N',N'-tetraacetic acid, are acceptable; however, the full chemical name should be given
once in the abstract and in the body of the manuscript, followed in both cases by the
abbreviation.

Code names. Code names may be used, but the full chemical name should be given in the

abstract and in the text.
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Authors not conforming to these demands will have their manuscripts returned for correction,

with delayed publication as the result.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during the research (e.g., providing
language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that
provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Nomenclature and Units

Only generic and chemical names of drugs should be used, although a proprietary equivalent
may be indicated once, in parentheses. The nomenclature of chemical substances should be
consistent, clear and unambiguous, and should conform to the usage of the American
Chemical Society and the convention recommended by the International Union of Pure and
Applied Chemistry (IUPAC, http://www.iupac.org/general/FAQs/ns.html) When in doubt,
writers should consult the indexes of Chemical Abstracts; the various reports and pamphlets
of the American Chemical Society Committee on Nomenclature, Spelling and Pronunciation;
the recommendations of the IUBMB (http://www.chem.gmul.ac.uk/iubmb) When drugs which
are mixtures of stereoisomers are used, the fact that they have a composite nature and the
implication of this for interpretation of the data and drawing of conclusions should be made
clear. The use of the appropriate prefix is essential. Use of the generic name alone without a

prefix would be taken to refer to agents with no stereoisomers. The nomenclature of
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receptors and their subtypes and of ion channels should conform to NCIUPHAR
(http://www.iuphar.org/nciuphar.html) he trivial name of enzymes may be used in the text, but
the systematic name and classification number according to Enzyme Nomenclature of the
NC-IUBMB (http://www.chem.gmul.ac.uk/iubmb/enzyme/), rev. edn. (Academic Press, New
York, NY, 1984) should be quoted the first time an enzyme is mentioned.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae
in line with normal text where possible and use the solidus (/) instead of a horizontal line for
small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers
of e are often more conveniently denoted by exp. Number consecutively any equations that

have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes

themselves separately at the end of the article. Do not include footnotes in the Reference list.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
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Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork
is finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of
whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier
after receipt of your accepted article. Please indicate your preference for color: in print or
online only. Further information on the preparation of electronic artwork.

The use of color for graphics or tables is strongly discouraged (exceptions are made for

invited reviews).

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and

abbreviations used.
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Tables

Please submit tables as editable text and not as images. Tables can be placed either next to
the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using vertical

rules.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results
and personal communications are not recommended in the reference list, but may be
mentioned in the text. If these references are included in the reference list they should follow
the standard reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as

'in press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references
are correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they
may already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full
citation details are not yet known, but the article is available online. A DOI is guaranteed
never to change, so you can use it as a permanent link to any electronic article. An example
of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles
slab  beneath northeastern Venezuela. Journal of Geophysical Research,
http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such citations should be

in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
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accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after

the reference list) under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word
processor plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking
the following link:
http://open.mendeley.com/use-citation-style/european-journal-of-pharmacology

When preparing your manuscript, you will then be able to select this style using the

Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be
in any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference

style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
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Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following

examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed
first alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et
al. (2010) have recently shown ....'

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same
year must be identified by the letters 'a’, 'b', 'c', etc., placed after the year of publication.
Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article.
J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in:
Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New
York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed
13.03.03).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, v1.
http://dx.doi.org/10.17632/xwj98nb39r.1.
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Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 150 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect. Please supply 'stills' with your files: you can choose any
frame from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and

the print version for the portions of the article that refer to this content.

Supplementary material

Supplementary material can support and enhance your scientific research. Supplementary
files offer the author additional possibilities to publish supporting applications, high-resolution
images, background datasets, sound clips and more. Please note that such items are
published online exactly as they are submitted; there is no typesetting involved
(supplementary data supplied as an Excel file or as a PowerPoint slide will appear as such
online). Please submit the material together with the article and supply a concise and
descriptive caption for each file. If you wish to make any changes to supplementary data
during any stage of the process, then please make sure to provide an updated file, and do
not annotate any corrections on a previous version. Please also make sure to switch off the
"Track Changes' option in any Microsoft Office files as these will appear in the published
supplementary file(s). For more detailed instructions please visit our artwork instruction

pages.

RESEARCH DATA

Data in Brief
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Authors have the option of converting any or all parts of their supplementary or additional raw
data into one or multiple Data in Brief articles, a new kind of article that houses and
describes their data. Data in Brief articles ensure that your data, which is normally buried in
supplementary material, is actively reviewed, curated, formatted, indexed, given a DOI and
publicly available to all upon publication. Authors are encouraged to submit their Data in Brief
article as an additional item directly alongside the revised version of their manuscript. If your
research article is accepted, your Data in Brief article will automatically be transferred over to
Data in Brief where it will be editorially reviewed and published in the new, open access
journal, Data in Brief. Please note an open access fee is payable for publication in Data in
Brief. Full details can be found on the Data in Brief website. Please use this template to write
your Data in Brief.

Database linking

Elsevier encourages authors to connect articles with external databases, giving readers
access to relevant databases that help to build a better understanding of the described
research. Please refer to relevant database identifiers using the following format in your
article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). More

information and a full list of supported databases.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available. Authors of this journal will automatically receive an invitation e-

mail to create an AudioSlides presentation after acceptance of their paper.

Interactive plots
This journal enables you to show an Interactive Plot with your article by simply submitting a

data file. Full instructions.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:

in addition to editing text, you can also comment on figures/tables and answer questions
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from the Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is

solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which
is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's Webshop. Corresponding authors who have
published their article open access do not receive a Share Link as their final published
version of the article is available open access on ScienceDirect and can be shared through
the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything
from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article

will be published.





