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RESUMO

A inducdo da expressdao génica mediada pelo NF-kB foi descrita na patogénese da
doenca hepética alcodlica (DHA). Dietilcarbamazina (DEC) é um farmaco derivado da
piperazina com propriedades anti-inflamatorias. O presente estudo foi desenvolvido
para avaliar o efeito de DEC na via do NF-kB na inflamacdo hepética induzida pelo
alcoolismo. Quarenta camundongos machos C57BL/6 foram divididos igualmente em
quatro grupos: 1) grupo controle (C), que recebeu apenas agua, 2) grupo tratado com
DEC, que recebeu 50 mg/kg durante um periodo de 12 dias (DEC50), 3) o grupo
alcoolico (EtOH), submetido ao consumo crénico de alcool e 4) o grupo alcodlico
tratado com DEC (EtOH50), submetido ao consumo crénico de &lcool e tratado com
DEC. Fragmentos de figado foram analisados por meio de microscopia de luz,
imunohistoquimica e testes de western blot para avaliar varios mecanismos envolvidos
na lesdo hepatica induzida pelo etanol, incluindo a peroxidacdo lipidica, marcadores
inflamatorios e a ativacdo de fatores de transcricdo. A andlise histolégica do grupo
alcoolico mostrou dano hepatocelular evidente que foi reduzido no grupo alcoolico
tratado com DEC. Os resultados da imunohistoquimica e do western blot mostraram
expressdo elevada de marcadores inflamatorios como MDA, TNF-q, IL-13, COX-2 e
iINOS nos hepatdcitos do grupo EtOH. No entanto, pouca imunopositividade para estes
marcadores foi detectada apos tratamento com DEC. No grupo de EtOH a ativacdo do
fator de transcricio NF-kB foi observada através de um aumento na expressdo de
ambos, NF-xB e pNF-kB, em hepatocitos. Esta expressdo foi significativamente
reduzida nos figados do grupo EtOH50. A expresséo da proteina IkBo foi medida para
determinar se a ativacdo do NF-«xB seria resultado da degradacédo da IxBa. Observou-se
que a expressao desta enzima era baixa no grupo EtOH, enquanto que os animais
tratados com DEC tinha uma expressdo elevada de IkBa. Os resultados do presente
estudo indicam que a DEC atenua a lesdo hepética alcodlica, em parte, pela inibi¢do da
ativacdo do NF-kB e por suprimir a inducdo de genes dependentes do NF-kB.

Palavras-chave: Dietilcarbamazina, alcoolismo, dano hepéatico, marcadores
inflamatorios, fatores de trancicdo, NF-xB



ABSTRACT

Induction of NF-kxB-mediated gene expression has been identified in the pathogenesis
of alcoholic liver disease (ALD). Diethylcarbamazine (DEC) is a piperazine derivative
drug with anti-inflammatory properties. The present study was designed to evaluate the
effect of DEC on NF-xB pathways undergoing alcoholism induced hepatic
inflammation. Forty male C57BL/6 mice were divided equally into four groups: 1)
control group (C), which received only water, 2) DEC- treated group, which received 50
mg/kg during a 12 day period (DEC50), 3) the alcoholic group (EtOH), submitted to
chronic alcohol consumption and 4) the alcohol-DEC treated group (EtOH50),
submitted to chronic alcoholism consumption plus DEC treatment. Liver fragments
were analyzed using light microscopy, immunohistochemical and western blot tests to
evaluate various mechanisms involved in ethanol-induced hepatic damage,
including lipid peroxidation, inflammatory markers and activation of transcription
factors. Histological analysis of the alcoholic group showed evident hepatocellular
damage which was reduced in the alcoholic DEC-treated group. Immunohistochemistry
and western blot results showed elevated expression of inflammatory markers such as
MDA, TNF-a, IL-1p, COX-2 and iNOS in hepatocytes of the EtOH group. However,
low immunopositivity for these markers was detected following DEC treatment. In the
EtOH group the activation of transcription factor NF-kB was observed by an increase in
the expression of both NF-xB and pNF-«B in hepatocytes. This expression was
significantly reduced in the EtOH50 livers. Protein expression of lkfo was measured to
determine whether activation of NF-«xB might be the result of IkBo degradation. It was
observed that expression of this enzyme was low in the EtOH group, while animals
treated with DEC had a high expression of IkxPa. The results of the present study
indicate that DEC alleviates alcoholic liver injury, in part by the inhibiting activation of
NF-kB and by suppressing the induction of NF-kB-dependent genes.

Keywords: Diethylcarbamazine, alcoholism, hepatic injury, inflammatory markers,
transcription factors, NF-kB
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1 INTRODUCAO

O alcoolismo é a causa mais frequente de doencas hepaticas nos paises
ocidentais (SHERLOCK & DOOLEY, 2002). Segundo a organizacdo mundial de salde,
em todo o mundo, a cada ano o0 uso nocivo do alcool mata 2,5 milhdes de pessoas,
incluindo 320.000 jovens entre 15 e 29 anos de idade (WHO, 2011).

O efeito toxico do alcool tem impacto em muitos orgdos, entretanto, o figado
como o sitio priméario do metabolismo do etanol é o maior alvo (LIEBER, 2000, 2005;
KARINCH et al., 2008). A doenca hepatica alcéolica (DHA) é considerada um
processo patolégico complexo e multifatorial que envolve o estresse oxidativo,
inflamacéo e a sintese excessiva de acidos graxos (DING et al., 2010). A progressdo da
doenca envolve véarias moléculas inflamat6rias como interleucinas, citocinas, moléculas
de adeséo e fatores de transcricdo, como o fator de transcricdo nuclear kappa-B (NF-kB)
(ACHUR et al., 2010; BALLAS et al., 2012; ROCHA et al., 2012).

O NF-xB esta envolvido na inflamacdo e na resposta imune (BAEUERLE &
BALTIMORE, 1996) e é ativado por oxidantes, interleucinas e citocinas como a
interleucina 1B (IL-1B) e o fator de necrose tumoral alfa (TNF-a) (BARNES &
KARIN, 1997) que apresentam um papel importante na inflamacdo e no
desenvolvimento da DHA. A IL-1p e o TNF-a ativam a degradacdo e fosforilagdo das
proteinas IkB, permitindo a entrada do NF-xB no nucleo que ativa a transcricdo de
varios genes incluindo o da ciclooxigenase 2 (COX-2) e da sintase de oxido nitrico
induzivel (iNOS) que sdo consideradas importantes mediadores no recrutamento de
células inflamatorias (BHASKARAN et al., 2010; ARIAS-SALVATIERRA et al.,
2011).

O consumo do alcool também inibe a oxidacdo de &cidos graxos nos hepatocitos
via inativacdo do receptor ativado por proliferadores de peroxissomos alfa (PPAR-a),
um receptor nuclear hormonal que controla a transcricdo de genes envolvidos no
transporte e oxidagdo dos acidos graxos (YU et al., 2003; WAGNER et al., 2011). O
etanol também pode afetar a atividade de enzimas envolvidas no metabolismo do acido
graxo por inibir a proteina kinase AMP-ativada (AMPK) (VIOLLET et al., 2009). A

inibicdo do NF-xB é capaz de restaurar a atividade dos receptores ativados por
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proliferadores de peroxissomos (PPARSs) e a expressao de genes ligados a esse receptor
(SERRANO-MARCO et al., 2012).

A identificacdo do NF-kB como um fator chave na patogénese da inflamacgéo
sugere este fator de transcricdo como alvo terapéutico podendo ser eficaz no tratamento
dessas doencas (TAK & FIRESTEIN, 2001). Uma variedade de farmacos usados para
tratar doencas inflamatorias em humanos apresenta efeito na via do NF-xB
(YAMAMOTO & GAYNOR, 2001).

O tratamento da doenca hepédtica pode apresentar resultados positivos, mas
também traz consideraveis efeitos negativos. O curso clinico da lesdo hepética pode ser
melhorado com o uso de compostos naturais com propriedades anti-oxidantes
(resveratrol), corticdides e agentes anti-TNF-a (pentoxifilina, infliximab, o etanercept).
No entanto, mais dados clinicos sdo necessarios para padronizar ou combinar estes
tratamentos porque essas drogas na verdade, aumentaram o risco de mortalidade, de
infeccdo e de morte dos pacientes (GAO E BATALLER, 2011; BRUHA et al, 2012).

A dietilcarbamazina (DEC) é um derivado da piperazina, utilizada eficazmente
had mais de 50 anos no tratamento da filariose linfatica. Além disso, ela também
apresenta propriedades anti-inflamatorias, em parte devido a alteragdes no metabolismo
do &cido araquiddnico (NOROES et al., 1997).

Poucos estudos tem focado o papel da DEC na patofisiologia da inflamacéo.
Alguns estudos clinicos relataram que a DEC reduziu os sintomas da asma bronquica
devido aos seus efeitos anti-inflamatérios (THIRUVENGADAM et al.,, 1974;
MAIZELS & DENHAM, 1992). Confirmando tais resultados, Queto et al. (2010)
observou a acdo da DEC no bloqueio da inflamacdo eosinofilica pulmonar em
camundongos. De acordo com Gonzalez et al. (1994) ratos com inflamacdo hepética
induzida por tetracloreto de carbono (CCl,) apresentaram uma evidente redugéo do dano
hepatico ap6s o tratamento com DEC nas doses de 25 e 50 mg/kg. Rocha et al. (2012)
demonstraram que o tratamento com DEC (50 mg/kg) inibiu o dano hepatico e reduziu
o infiltrado inflamatdrio induzidos pelo consumo crénico de etanol.

Dessa forma, o presente trabalho se prop@e a investigar a acdo anti-inflamatoria
da DEC na via do NF-xB em um modelo de lesdo hepatica crénica induzida pelo

alcool, como uma possivel alternativa no tratamento da doenca hepatica alcodlica.
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2 JUSTIFICATIVA

Apesar do profundo impacto econémico e de saude da DHA, pouco progresso tem
sido obtido no tratamento de pacientes com esta condicdo clinica grave. Ndo existem
ferramentas modernas de diagnostico para avaliar a susceptibilidade individual para o
desenvolvimento da DHA, e a patogénese dessa doenca em seres humanos ndo é
completamente compreendida. Como consequéncia, nenhum novo farmaco para DHA
foi desenvolvido com éxito desde os anos 1970, momento em que 0 uso de
corticosteroides foi proposto para o tratamento da hepatite alcodlica grave (HELMAN
etal., 1971; GAO & BATALLER, 2011). O pobre progresso terapéutico no dominio da
DHA tem, em parte, resultado da falta de modelos experimentais com a forma avancada
da doenca e da dificuldade de realizacdo de ensaios clinicos em doentes com desejo
compulsivo.

O dano presente em DHA envolve a inducdo genes de citocinas, de proteases e
oxidases que se propagam através de respostas que envolvem as vias de sinalizacdo do
NF-kB (NANJI et al., 1999). A definigdo dos mecanismos envolvidos na inflamagéo do
figado e morte celular durante a DHA abrira novas perspectivas para o desenvolvimento
deste processo e deve oferecer potenciais alvos para intervengdes terapéuticas. Uma
variedade de farmacos usados para tratar doencas inflamatorias em humanos apresenta
efeito na via do NF-xB. Alguns efeitos dos corticoides, usados no tratamento de varias
doencas inflamatérias como DAH, sdo provavelmente mediados pela inibicdo da
ativagcdo do NF-xB (YAMAMOTO & GAYNOR, 2001).

A DEC tem sido a droga de escolha para o tratamento da filariose linfatica desde
1947 (OTTENSEN, 2000; FLORENCIO E PEIXOTO, 2003). No entanto, apesar de
mais de 60 anos de seu uso, seu mecanismo de ac¢ao ainda permanece pouco esclarecido.
Porém, sabe-se que a DEC apresenta propriedades anti-inflamatérias, como um
resultado de sua interferéncia no metabolismo do &cido araquidonico (MAIZELS &
DENHAM, 1992).

Diante da necessidade de novos farmacos eficazes para o tratamento da DHA, a
DEC por suas propriedades anti-inflamatorias e seu potencial farmacolégico pouco
explorado, se mostra como possivel alternativa, sendo necessarios dessa forma, estudos
mais aprofundados das suas propriedades e do seu mecanismo de agdo, objetivos deste
trabalho.



16

3 OBJETIVOS

3.1 Objetivo Geral
Caracterizar o efeito do tratamento in vivo da DEC (50 mg/kg) na via de

ativacdo do NF-«xB durante a inflamagéo hepética induzida pelo alcoolismo.

3.2 Objetivos Especificos

v Avaliar a expressdao do NF-kB, pNF-kB e de sua enzima regulatoria
IkBa;

v" Identificar a expressdo de marcadores inflamatorios regulados pelo NF-
kB como TNF-a, IL-1p3, COX-2 e iNOS;

v Avaliar a homeostase lipidica através de marcadores como o MDA,
PPARa, AMPK, pAMPK;

v" Investigar a inducdo da via MAPK pela analise da expressdo de JNK e c-
jun;

v Analisar a ativacdo de outros fatores de transcricdo como o PPARY.
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4 REVISAO DA LITERATURA

4.1 ESTRUTURA E FUNCAO HEPATICA

O figado é a maior glandula do corpo humano. Situado no quadrante superior direito
da cavidade abdominal, logo abaixo do diafragma, esta subdividido em quatro lobos -
direito, esquerdo, quadrado e caudado - dos quais os dois primeiros constituem a quase
totalidade (Figura 1 A) (GARTNER & HIATT, 2007).

O principal tipo celular presente no figado e que é responsavel pela maior parte de
suas funcBes metabdlicas € o hepatdcito (célula parenquimatosa). Os hepatdcitos
compreendem 65% das células do figado e 80% do volume hepéatico (WANLESS,
1999). Sdo células poligonais que estdo bem préximas umas das outras, agrupadas em
placas interconectadas, os I6bulos hepaticos (Figura 1 B). Estas células apresentam
variacfes em suas propriedades estruturais, histoquimicas e bioguimicas, dependendo
de sua localizacao nos l6bulos hepéaticos (GARTNER & HIATT, 2007; JUNQUEIRA &
CAR NEIRO, 2008).

O parénquima hepético é organizado em "placas" de hepatdcitos, visto em cortes
microscopicos como corddes de células disposta radialmente a partir de uma veia
central (Figura 1C). Entre os cordBes de hepatocitos estdo os sinuséides vasculares
(capilares hepaticos) (Figura 1C). Os sinusdides sdo revestidos por células endoteliais,
que demarcam um espaco extrasinusoidal (espaco de Disse), no qual sobressaem as
microvilosidades dos hepatdcitos.  Ocasionalmente, fibras nervosas amielinicas e
células armazenadoras de gordura, estreladas, (também denominadas células de Ito, ou
células estreladas) foram observadas neste espaco. Os macréfagos residentes,
denominados células de Kupffer, estdo associados as células de revestimento endotelial
dos sinusdides (Figura 2). Além disso, alguns tipos de linfocitos podem ser encontrados
no figado, como parte de um mecanismo de defesa contra agentes infecciosos
(ISSELBACHER & PODOLSKY, 1991; GARTNER & HIATT, 2007).

O suprimento de sangue para o figado deriva de duas fontes: da veia porta e da
artéria hepatica; a primeira fornece aproximadamente 75% do fluxo total de 1.500
mL/min, sangue pouco oxigenado e rico em nutrientes proveniente das visceras

abdominais. O restante, deriva da artéria hepatica, que fornece sangue rico em oxigénio.
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Os pequenos ramos da vénula portal terminal e da arteriola hepética terminal, entram
nos acinos da triade portal e entdo fluem através dos sinusoides entre placas de
hepatocitos (BEERS & BERKOW, 2001).

Veia sublobutar
Lobo esquerdo

Ligamento falciforme
Artéria hepatica
Veia cava

Veia porta

Espago porta

Ldbulo hepético {

Lobo direite Veia central
A, Anéria hepética

Triade porta { Duto biliar

Veia porta

Veia central

Sinusdides

Duto biliar

Veia porta Triade porta

Ariéria hepatica

C.

Figura 1. Desenho esquemaético do figado. (A) anatomia macroscépica do figado; (B) I6bulos hepéticos;
(C) Parte de um I6bulo hepatico em maior aumento (GARTNER & HIATT, 2007).

A troca de nutrientes ocorre através dos espagos de Disse, que separam 0S
hepatocitos do revestimento sinusoidal poroso. O fluxo sinusoidal se mistura nas
vénulas hepéticas terminais que coalescem e finalmente, formam a veia hepatica,
responsavel pelo transporte de todo o sangue eferente para a veia cava inferior. O figado
também é drenado por um suprimento rico de vasos linfaticos. E comum ocorrer
interferéncia no suprimento sanguineo hepatico na cirrose e em outras doencas crénicas

que se manifestam geralmente por hipertenséo portal (BEERS & BERKOW, 2001).
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O figado apresenta um papel crucial na manutencdo da homeostase metabolica. Suas
funcBes incluem processamento de aminoacidos, carboidratos, lipideos e vitaminas,
sintese de proteinas do soro, biotransformacdo de metabdlitos circulantes,
desintoxicacdo e excrecdo de residuos de produtos endégenos (CRAWFORD, 1994).
Além disso, as células de Kupffer fagocitam particulas estranhas presentes no sangue e
hemécias ndo funcionantes (GARTNER & HIAT, 2007). O parénquima hepatico esta
envolvido na resposta imune e em mudancas metabolicas. Estas mudancas metabdlicas
ocorrem em resposta a endotoxinas, citocinas, substancias vasoativas ou a outros
mediadores inflamatorios. Os hepatdcitos podem expressar um rico repertério de
receptores em sua superficie que assegura o envolvimento direto destes mediadores em
processos celulares (DINARELLO, 1984; BAUMANN et al., 1987; POMPOSELLI et
al., 1988).

Figura 2. Fotomicrografia de figado de cdo mostrando as placas de hepatdcitos, sinuséides e células de
Kupffer contendo tinta nanquim (K) (540 X). (GARTNER & HIATT, 2007).

4.2 ETANOL

4.2.1 Aspectos Gerais
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O etanol (CH3CH,OH), também chamado alcool etilico e, na linguagem
corrente, simplesmente alcool, é uma substancia organica obtida da fermentacdo de
acucares, hidratacdo do etileno ou reducdo a acetaldeido. Apos administracdo oral, o
etanol é rapidamente absorvido para corrente sanguinea a partir do estbmago e intestino
delgado. Niveis sanguineos méximos ocorrem 30-90min apds sua a ingestdo quando o
estdbmago esta vazio. Atrasos no esvaziamento gastrico (devido a presenca de alimentos)
atrasam a absorcdo do etanol, uma vez que a absorcdo ocorre mais rapidamente a partir
do intestino delgado do que a partir do estdmago (HOLFORD, 1987) (Figura 3 B). Uma
vez absorvido, o alcool é transportado para o figado através da veia portal. Uma porcao
do &lcool ingerido é metabolizada durante a sua passagem inicial através do figado, o
restante do alcool ingerido deixa o figado, entra na circulacao sistémica, e é distribuida
ao longo dos tecidos do corpo (Figura 3 A) (WEATHERMON & CRABB, 1999).
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Figura 3. Absorcdo do etanol. (A) Representagdo esquematica do metabolismo de primeira passagem do
etanol pelo figado. (B) Locais de absorcdo do &lcool no corpo (regifes escuras na imagem)
(WEATHERMON & CRABB, 1999; HEAD, 2011).

4.2.2 Metabolismo

O primeiro passo no metabolismo oxidativo do alcool é efetuado por enzimas-
chave, incluindo a alcool desidrogenase (ALD), citocromo P450 2E1 (CYP2EL), e a

catalase. A ALD é a principal enzima oxidante, tendo uma elevada afinidade pelo alcool
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e quebra o etanol no citoplasma (FREEMAN et al., 2005). A CYP2E1 ¢é utilizada por
uma via diferente que é induzida pelo consumo crénico do alcool, e resulta na formacao
de acetaldeido nos microssomos. Uma terceira via do primeiro passo do metabolismo do
etanol é mediada pela oxidacdo do etanol pela catalase nos peroxissomos (CRABB &
LIANGPUNSAKUL, 2007).

O segundo passo, que é principalmente realizado pela aldeido desidrogenase
mitocondrial (ALDH), é metabolizar o acetaldeido para acetato. Além disso, 0
acetaldeido pode ser metabolizado pela CYP2E1 através de uma via dependente de
NADPH (sistema microssomal de oxidacdo do etanol) (KUNITOH et al., 1997) (Figura
4). O acetato resultante é instavel e espontaneamente se decompde-se em &gua e gas
carbonico (COy). Quando esses mecanismos oxidativos tornam-se oprimidos, o
acetaldeido se acumula e exerce seus efeitos toxicos. A natureza eletrofilica do
acetaldeido (FREEMAN et al., 2005) permite que ele se ligue e forme adutos, isto é,
produtos quimicos de ligagdo covalente, com proteinas, lipideos, e DNA (NIEMELA,
2007). Adutos sdo amplamente patogénicos, pois prejudicam as funcbes de proteinas e
lipideos, e promovem danos e mutacdo ao DNA (TUMA & CASEY, 2003).
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Figura 4. Vias oxidativas do metabolismo do etanol no figado (ZAKHARI, 2006).

O alcool e seu metabolismo causam alteracbes na capacidade do figado em
eliminar varias substancias. Assim, o0 metabolismo do alcool, afeta o estado redox do

figado e os niveis de glutationa, um antioxidante que impede que espécies reativas de
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oxigénio (ROS) danifiguem as células. O termo "estado redox" refere-se as
concentracdes de duas substancias nas células: nicotinamida adenina dinucleotideo
(NAD ") e NAD" reduzido (NADH), que sdo necessarios para o funcionamento de
vérias enzimas. O metabolismo do alcool pela ADH resulta na conversio de NAD * em
NADH, aumentando assim os niveis de NADH do figado. Niveis elevados de NADH,
por sua vez, estimulam a geracdo de moléculas de gordura e interferem com a
capacidade de outras enzimas hepaticas em quebrar moléculas de gordura e produzir
glicose. Por meio destas alteracBes metabolicas, o metabolismo do alcool pode afetar
substancialmente o metabolismo geral do corpo e seu funcionamento (WEATHERMON
& CRABB, 1999).

4.3 DOENCA HEPATICA ALCOOLICA (DHA)

O alcoolismo representa uma das principais questdes sociais e econdmicas que 0
mundo enfrenta. Em todo 0 mundo, a cada ano o uso nocivo do alcool mata 2,5 milhGes
de pessoas, incluindo 320.000 jovens entre 15 e 29 anos de idade (WHO, 2011).

A doenca hepética alcodlica (DHA) representa um espectro de sintomas clinicos e
alterac6es morfoldgicas que variam de figado gorduroso, inflamagdo hepética e necrose
(hepatite alcodlica) a fibrose progressiva (cirrose alcoolica) (TOME & LUCEY, 2004)
(Figura 5). Além disso, a manutencdo do consumo excessivo de alcool favorece a
progressdo de outras doencas hepaticas, tais como hepatite crénica relacionada a virus,
além do risco aumentado de desenvolver carcinoma hepatocelular (MANDAYAM et
al., 2004; SAFDAR & SCHIFF, 2004).
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Figura 5. Espectro de doencas da DHA (GAO & BATALLER, 2011).
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A dependéncia do alcool, por si s6 nem sempre € um pré-requisito para o
desenvolvimento da DHA (BELLENTANI et at.,, 1997). Pois, além da quantidade
consumida de alcool, fatores genéticos e ambientais provavelmente também
desempenham papel crucial no desenvolvimento da DHA (STEWART et al., 2001;
ROUAULT, 2003).

Embora uma relacdo dose-efeito entre a ingestdo de alcool e a lesdo hepatica
induzida pelo &lcool tenha sido relatada, ndo ha nenhuma quantidade definida de
consumo de alcool que pode certamente prever o desenvolvimento de DHA (BECKER
et al., 1996). Na verdade, a maioria dos obesos desenvolve figado gorduroso (cerca de
90%) (CRABB, 1999), porém apenas 10-35% desenvolvem hepatite e apenas 8-20%
irdo avancar para a cirrose (SORENSEN et al., 1984; TELI et al., 1995; BELLENTANI
et at., 1997).

Estudos preconizam que o consumo diario de alcool de cerca de 40-80 g/dia para
homens e 20-40 g/dia para mulheres por 10-12 anos levara a quase 100% de chance de
desenvolvimento da DHA (FUCHS et al., 1995; BECKER et al., 1996; THUN et al.,
1997).

O processo de lesdo hepatica € bastante complexo, resultando de desordens
bioquimicas, genéticas, celulares, imunoldgicas e humorais em conexdo com a ingestéo

e 0 metabolismo de quantidades excessivas de alcool (YIN et al., 1999) (Figura 6).

Dentre 0s mecanismos associados a lesdo hepatica induzida pelo alcool, dados
experimentais e humanos sugerem um papel principal para a citocromo P450 2E1
(CYP2EL), uma enzima microssomal que pode ser induzida 10-20 vezes pelo consumo
cronico de alcool (WANG et al., 2009). A CYP2E1 metaboliza o etanol a acetaldeido,
uma molécula altamente toxica e mutagénica, e aumenta o estresse oxidativo através da
producdo de espécies reativas de oxigénio (ROS) e perdxidos de lipideos, tais como 4-
hidroxi 2,3-nonenal, 4-hidroxi-2,3 - alqueno e malondialdeido (WU & CEDERBAUM,
2009). A inducdo da CYP2EL esta associada ao acimulo de gordura (LU et al., 2008),
inflamacédo e fibrose (LIEBER, 2004) e lesdes ao DNA (WANG et al., 2009). Além
disso, 0 consumo excessivo de alcool pode conduzir a um aumento portal-sistémico da
absorcdo de endotoxinas a partir de bactérias intestinais que contribuem para

inflamacéo-necrose e progressdo da fibrose atraves de varios mecanismos moleculares,
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incluindo 0 TNF-o e do complexo CD14/receptor toll-like para produzir ROS via
NADPH oxidase (ALTAMIRANO & BATALLER, 2011) (Figura 6).
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Figura 6. A patogénese da inflamac&o hepética induzida pelo alcool e o papel do sistema imune inato
(CHAE, 2009).

Além disso, a ingestdo de alcool aumenta a permeabilidade intestinal para uma
variedade de substancias que incluem endotoxinas bacterianas, tais com o
lipopolissacarideo (LPS) (TILG & DIEHL, 2000). Este por sua vez, 'sensibiliza’ as

células de kupffer através da ligacdo com o receptor CD14. Esta ligacdo ativa o NF-xB
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que leva a transcricdo exacerbada de citocinas pré-inflamatorias, tais como TNF-a, IL-
1B, IL-6 e fator de crescimento transformante betal (TGFB1) (HOEK & PASTORINO,
2004). Além da producdo de citocinas, a ativacdo do NF-kB pode levar a transcri¢ao de
genes da ciclooxigenase 2 (COX-2) e da 6xido nitrico sintase induzivel (iINOS) que sdo
considerados importantes mediadores no recrutamento de ceélulas inflamatorias
(BHASKARAN et al., 2010; ARIAS-SALVATIERRA et al., 2011). A COX-2 medeia
a sintese de prostaglandina durante a inflamacdo e no figado sua expressdo estd
relacionada com fenémenos inflamatérios presente em diferentes doencas crénicas
(CHARIYALERTSAK et al., 2001; GIANNITRAPANI et al., 2009). iNOS ¢é expressa
nas células hepaticas em condi¢bes patoldgicas como cirrose e hepatite. Durante o
processo de infeccdo e inflamacdo no figado, o aumento na producdo de oxido nitrico
(NO) pela iNOS esta relacionado com o dano hepatico (MATSUI et al., 2011). Tais
fatores irdo contribuir para a inflamacdo, apoptose e fibrose, com a consequente

progressao da doenca.

4.4 ALCOOL E MAP KINASE

O LPS ativa os membros da familia MAPK incluindo o receptor de kinase
ativado 1 / 2 (ERK1 / 2), p38 e kinase c-jun-N-terminal (JNK) resultando na
producdo de TNF-o (SWEET, 1996). O alcoolismo cronico aumenta a ativagdo do
ERK1 / 2 induzida pelo LPS e (KISHORE et al., 2002), assim como, ativa 0 JNK
levando a fosforilacdo do c-jun que se liga ao sitio promotor de TNFo. CRE/AP-1
(SWEET, 1996). Esses eventos contribuem para 0 aumento da producéo de TNFa.
A ativagdo do p38 contribui com a estabilidade do mMRNA do TNFa via interagéo
com o tristetrapolin (TTP) (MAHTANI et al., 2001) (Figura 7).

Alcool

Estabilidade do mRNA do TNF-a
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Figura 7. Via de sinalizacdo da MAP quinase em macréfagos expostos ao etanol
(MANDREKAR & SZABO, 2009).

4.5 FATORES DE TRANSCRICAO INDUZIDOS PELO ALCOOL

Em resposta a exposicdo ao etanol, maltiplas vias de transducdo de sinal séo
ativadas por diferentes receptores em varios tipos celulares do figado, culminando em
eventos nucleares envolvendo a ligacdo de fatores de transcricdo aos elementos
promotores de genes-alvo. O consumo do alcool regula de forma direta ou indireta o
metabolismo lipidico por aumentar a expressdo de genes envolvidos na sintese de
acidos graxos e suprimir genes relacionados com a oxidacéo lipidica, resultando em
esteatose hepatica. Fatores de transcricdo que regulam o metabolismo lipidico como a
proteina de ligacdo ao elemento regulador de esterol (SREBP) e o receptor ativado por
proliferadores de peroxissomos alfa (PPARa), que participa da oxidacdo lipidica, tém
um papel importante na ADH (MANDREKAR, 2007).

45.1 SREBPs
Os SREBPs séo importantes fatores de transcricdo que regulam a sintese de
acidos graxos e colesterol no figado por ativar enzimas envolvidas nessas vias de

biossintese, como a adenosina trifosfato (ATP), citratoliase (ACL), acetil-CoA
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carboxilase (ACC), acido graxo sintase (FAS) e a esterol-CoA desnaturase (SCD)
(HORTON et al., 2002)

O consumo de alcool pode aumentar a transcricdo do SREBP-1c diretamente via
acetaldeido ou indiretamente por ativar processos e fatores que estimulam sua expresséo
como resposta do reticulo endoplasméatico ao estresse celular, adenosina,
endocanabinoides, sinalizacdo de LPS via receptor Toll-like 4 (TLR4) (YOU et al.,
2002). O alcool também pode diminuir a regulacdo de fatores que diminuem a
expressao do SREBP-1c como proteina kinase AMP-ativada (AMPK), adiponectina e o
sinal transdutor e ativador de transcricdo 3 (STAT3) (YOU et al., 2004) (Figura 8).

4.5.2 PPARa

Os receptores ativados de peroxissomo de proliferacdo (PPARs) controlam a
expressao de genes que atuam no metabolismo de lipideos e carboidratos, na biologia
vascular, no reparo tecidual, na proliferacdo e diferenciacdo celular e no dimorfismo
sexual. PPARs compdem uma subfamilia com trés membros: PPAR alfa (PPAR),
PPAR beta/delta (PPARB/3) e 0 PPAR gama (PPARY) (MICHALIK et al., 2006).

O PPARa, um fator regulatorio essencial na oxidacdo de &cidos graxos,
apresenta um papel importante na esteatose hepatica durante o alcoolismo
(MANDREKAR, 2007). O consumo de &lcool inibi a oxidacdo de &cidos graxos via
inativacdo do receptor de PPARa, que controla a transcricdo de genes envolvidos no
transporte e na oxidacdo lipidica (YU et al., 2003; WAGNER et al., 2011). O
acetaldeido, metabdlito do etanol, inibi diretamente a ativacdo transcricional e a
habilidade de ligagdo ao DNA do PPARa nos hepatdcitos (GALLI et al., 2001). O
alcoolismo também pode, indiretamente, inibir o PPARa por aumentar a regulagdo do
citocromo P450 2E1 derivado do estresse oxidativo (LU et al., 2008) ou por diminuir a
regulacdo de adiponectina e zinco, que ativam 0 PPARa (YOU et al., 2005; KANG et
al., 2009) (Figura 8).

Na regulacdo do metabolismo lipidico associado aos fatores de transcri¢do, o
etanol tambeém pode afetar a atividade de enzimas envolvidas no metabolismo dos
acidos graxos por inibir o AMPK, que reduz o metabolismo lipidico e a gordura
hepatica (GAO & BATALLER, 2011).
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O AMPK ¢ uma enzima pertencente a familia da proteina kinase e que apresenta
um papel central na regulacdo do metabolismo lipidico por inibir a regulacdo de
enzimas como a acetil-CoA carboxilase (ACC) e a 3-hidroxi-3-metilglutaril-CoA
redutase (HARDIE, 1992; HARDIE et al., 1998). O consumo de alcool inibe a
atividade do AMPK no figado, levando a diminuicdo da fosforilagdo e aumento da
atividade da ACC (YOU et al., 2004) (Figura 8).

Além de atuar nos fatores de transcri¢cdo envolvidos na homeostase lipidica, o
consumo de etanol também exerce efeitos na ativacdo de fatores de transcrigcdo
relacionados com a liberacdo de mediadores inflamatdrios, que apresentam um papel
importante no desenvolvimento da ADH. Esses fatores de transcricdo sdo: a proteina
ativadora 1 (AP-1), fator de resposta ao crescimento inicial 1 (Erg-1), receptor ativado
por proliferadores de peroxissomos gama (PPARy) e o fator de transcricdo nuclear
kappa B (NF-xB) (MANDREKAR, 2007).

4.5.3 AP-1

Os fatores de transcricdo proteina ativadora - 1 (AP-1) sdo homodimeros e
heterodimeros compostos de proteinas pertencentes as familias Jun (c-Jun, Jun ¢B e
JunD), Fos (c-Fos, FosB, Fra-1, Fra-2), JDP (JDP1, JDP2) e ATF. A ativacdo AP-1
regula a proliferacdo e morte celular através da inducdo de moduladores do ciclo celular
tais como a ciclina D1 e o p53. O AP-1 é ativado por citocinas pré-inflamatorias,
estresse oxidativo, fatores de crescimento e endotoxinas (SHAULIAN & KARIN,
2001). A ativacdo do AP-1 durante o alcoolismo crénico € importante porque esse fator
de transcricdo regula genes envolvidos na resposta inflamatoria como o TNF-a, e 0
CD14 (WHEELER & THURMAN, 2003). O AP-1 também esta envolvido com o
desenvolvimento da fibrose hepética por regular a transcricdo de metaloproteinases e
colageno tipo | (ARMENDARIZ-BORUNDA et al., 1994).
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Figura 8. Mecanismos envolvidos no acimulo de lipideo hepatico durante o consumo de etanol.
(GAO & BATALLER, 2011).

454 Egr-1

Egr-1 é um fator de transcri¢cdo induzido em resposta ao estresse ambiental,
regulado pela cascata de sinalizacdo da MAPK e induzido pelo LPS. O Egr-1 é
necessario para a inducdo da expressao de TNF-a, moléculas de adesdo, fator de
crescimento de fibroblasto bésico, fator de transformacgéo de crescimento beta (TGFp),
proteina quimiotatica de mondcito 1 (MCP-1) e proteina inflamatoria de macrofago 2
(MIP-2) (YAN et al., 2000). O aumento da expressdo de Egr-1 foi dependente da
ativacdo de ERK1/2 em células de Kupffer durante o alcoolismo crénico e a injuria

hepatica induzida pelo alcool foi bloqueada em camundongos knockout para o Egr-1,
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indicando o papel da via ERK1/2-Egr-1 na patogénese da DHA (KISHORE et al., 2002;
MCMULLEN et al., 2005).

4.5.5 PPARy

O PPARY € expresso em macrofagos e estd implicado na resposta imune inata
(DAYNES & JONES, 2002). Sua expressao estd aumentada durante o desenvolvimento
da esteatose hepética em resposta a dieta com alto teor lipidico, obesidade e exposi¢do
cronica ao etanol (VIDAL-PUIG et al., 1996; MEMON et al., 2000; RAHIMIAN et
al., 2001; BOELSTERLI & BEDOUCHA, 2002). Durante a exposi¢do ao alcool, a
expressao do PPARy foi observada nas celulas de Kupffer e nos hepatdcitos
(BOELSTERLI & BEDOUCHA, 2002) e o tratamento com agonista do PPARy

preveniu o desenvolvimento da esteatose e da inflamagédo (ENOMOTO et al., 2003).

4.5.6 NF-xB

O fator de transcricdo nuclear kappa B (NF-kB) foi identificado por David
Baltimore, em 1986 como uma molécula que, no nucleo, se liga ao promotor do gene da
cadeia kappa de imunoglobulinas em células B (AGGARWAL, 2004). Sabe-se hoje,
que o NF-xB no seu estado inativo esta presente no citoplasma de todas as células de
mamiferos (XI1AO, 2004; AHN & AGGARWAL, 2005).

A familia do NF-xB/Rel inclui NF-xB1 (p50/p105), NF-xB2 (p52/p100), p65
(RelA), RelB e c-Rel (CHEN et al., 1999) (Figura 9). Muitos membros desta familia
podem formar homodimeros ou heterodimeros. A forma ativada mais prevalente do NF-
kB € o heterodimero formado pelas subunidades p50 ou p52 com a p65, que contém
dominios de transativacdo necessarios para indugdo génica (TAK E FARESTEIN,
2001).
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Figura 9. Membros da familia do NF-xB (HAYDEN & GOSH, 2008).

Na sua forma inativa citoplasméatica o NF-xB estd associado com proteinas
regulatorias chamadas de inibidoras de B (IxB), onde as mais importantes séo IkBa,
IxBp e IxBe. Além destas, existem a IkB( (codificada pelo NFKBIZ), BCL-3 (linfoma
3 de células B) e a IkBNS (codificada pelo NFKBID) (Figura 10). Estas trés ultimas,
geralmente ndo sdo expressas em células ndo estimuladas, mas sdo induzidas apds
ativacdo e medeiam seus efeitos no nucleo (HAYDEN & GHOSH, 2008). Por fim, um
transcrito alternativo do gene NFKB1 em camundongos codifica uma molécula de IxB,
IxBy, cujo papel biolégico permanece obscuro. A IkBa, membro mais estudado, esta
associada com uma ativacao transiente do NF-xB, enquanto que a IkBp esta envolvida
com uma ativacdo sustentada (L1 & NABEL, 1997).

A fosforilacdo da IkB, uma etapa importante na ativacdo do NF-kB, é mediada
pelas IKB kinase (IKK). O complexo IKK consiste em pelo menos trés subunidades,
incluindo a IKK-a e IKK-B (também chamadas de IKK-1 e IKK-2, respectivamente) e a
subunidade regulatéria IKK-y (também conhecida como NEMO) (YAMAOKA et al.,
1998) (Figura 10). Uma forma induzivel de IKK, conhecida como IKKi, foi identificada
em células imunes estimuladas com endotoxinas (SHIMADA et al., 1999).
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Figura 10. Familia da IxB e complexo IKK (HAYDEN & GOSH, 2008).

Quando a celula é estimulada ocorre ativacdo da IKK que, promove a
fosforilacdo das IkBs, causando sua degradacao por proteossomos (DIDONATO et al.,
1997). Isso resulta na liberacdo dos dimeros de NF-kB no citoplasma que, em seguida,
se translocam para o nucleo para iniciar a expressao de genes-alvo (GHOSH &
HAYDEN, 2008) (Figura 11).

As infeccbes bacterianas e virais (por exemplo, através do reconhecimento de
produtos microbianos por receptores tais como o0s receptores Toll-like), citocinas
inflamatorias e ligacdo de antigenos a receptores, podem levar a ativacdo do NF-xB,
confirmando seu papel crucial nas respostas imune inata e adaptativa. Além disso, a
ativacdo do NF-xB pode ser induzida por estresse fisico (UV ou irradiacdo-y),
fisiologico (isquemia e choque hiperosmotico), ou oxidativo (BAEUERLE &
HENKEL, 1994) (Figura 12).
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Figura 11. Via de ativagdo do NF-xB (GHOSH & HAYDEN, 2008).

O NF-xB regula a expressdo de muitos genes envolvidos com as respostas
imune e inflamatéria atuando na ativacdo de genes de citocinas pro-inflamatdrias,
quimiocinas, enzimas que geram mediadores da inflamacéo, receptores imunoldgicos e
moléculas de adeséo, que apresentam papel no recrutamento inicial de leucécitos para o
sitio de inflamagdo (BARNES & KARIN, 1997).

Os produtos dos genes que sdo regulados pelo NF-xB também causam sua
ativacdo. Citocinas pro-inflamatorias como a IL-1p e o TNF-a, ativam e sdo ativadas
pelo NF-«xB. Esse tipo de regulacdo pode amplificar e perpetuar a resposta inflamatoria
local (BARNES & KARIN, 1997) (Figura 12).
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Figura 12. Diagrama esquematico do NF-kB como um regulador inflamatério (BARNES &
KARIN, 1997).
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O NF-xkB também é capaz de atuar em conjunto com outros fatores de
transcricdo como o AP-1. Em sinovidcitos, essa duas vias aumentam a producdo de
citocinas pro-inflamatorias (TNF-o) e aumentam a expressao de enzimas destrutivas
que regulam o remodelamento da matriz (YOKOO et al., 1996). O estimulo coordenado
do NF-xB e do AP-1 pode contribuir para a destruicdo do osso e da cartilagem nas
articulacdes. Na presenca de acetaldeido, células HEPGE2 tiveram um aumento na
ativacgdo de NF-xB e AP-1 (ROMAN et al., 2000). Esses resultados mostram-se

relevantes para o estudo dos mecanismos envolvidos na DHA.

A identificacdo do NF-kB como um fator essencial na patogénese da inflamacéo
tem desenvolvido estudos terapéuticos ligados a esse fator de transcri¢do para doencas
humanas em modelos animais (TAK & FIRESTEIN, 2001). Uma variedade de
farmacos usados no tratamento de doencas inflamatérias humanas tem efeito na
atividade do NF-kB como antioxidantes, aspirina e corticosteroides (YAMAMOTO &
GAYNOR, 2001). A identificagcdo de componentes “chave” em uma doenga é essencial
para o0 desenvolvimento de uma terapéutica especifica. Uma preocupacdo existente é
com relacdo a toxicidade tecidual gerada pelo bloqueio da ativacdo do NF-xB. O
beneficio maximo dessa terapia dependera do delicado equilibrio entre a supressdo da
inflamacdo e manutencdo normal da funcéo celular. Com a seletividade de subunidades
do NF-xB, de proteinas IxB ou kinases que tenham um certo grau de especificidade
tecidual, pode-se atingir a eficacia terapéutica e minimizar a toxicidade sistémica (TAK
& FIRESTEIN, 2001).

4.6 TRATAMENTO DA DHA

Apesar da gravidade dessa doenca, ndo existe uma terapia aprovada pelo comité
americano de Administracdo de Alimentos e Medicamentos (Food and Drug
Administration - FDA). A abstinéncia alcoolica absoluta é essencial durante o
tratamento de pacientes com DHA. Estes pacientes também devem parar de fumar e se
forem obesos, perder peso. A obesidade e o cigarro estdo associados ao estresse

oxidativo e podem acelerar a progresséo da doenca por esta via. Muitos pacientes com
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DHA apresentam desnutricdo e um suporte nutricional é importante durante a terapia
desses pacientes (MCCLAIN et al., 2004).

A farmacoterapia existente para DHA é bastante duvidosa. Desde que o estresse
oxidativo foi implicado na patofisiologia, 0 uso de compostos naturais com
propriedades antioxidantes tornou-se opgéo terapéutica mais popular no tratamento
(BRUHA et al., 2012). O resveratrol ¢ o antioxidante usado para prevenir o dano
hepatico por diminuir os radicais livres e citocinas inflamatorias em estudos
experimentais (BISHAYEE et al., 2010).

A terapia com esteroides tém sido extensivamente estudada. Os corticosteroides
representam a primeira forma de terapia medicamentosa em pacientes com DHA, onde
0 mecanismo de acdo consiste na inibicdo da producdo de citocinas pro-inflamatorias
(MCCLAIN et al., 2004). A pentoxifilina € um inibidor de fosfodiesterase que bloqueia
a transcri¢do de TNF-a que diminui 0s niveis séricos dos produtos desse gene e pode
ser usada em pacientes com hepatite alcodlica severa (GAO & BATALLER, 2011).
Medicamentos anti-TNF-o. como o entanercept e o infliximab também sdo utilizados
para o tratamento da DHA. Entretanto, mais estudos clinicos sdo necessarios para
padronizar ou combinar esses tratamentos porque esses medicamentos aumentam a
mortalidade, o risco de infeccdes e a morte dos pacientes (BRUHA et al., 2012).

A identificacdo de alvos terapéuticos para a DHA tem sido dificuldade pelo fato
de, na maioria dos modelos animais, a extensao da lesdo hepética ser leve, e 0s animais
ndo desenvolverem insuficiéncia hepatica ou hipertensdo portal grave. Modelos
animais com as caracteristicas da lesdo hepatica dos pacientes com a forma grave de
DHA sdo necessarios para que se possa avaliar os efeitos dos fatores envolvidos na
patogénese. As amostras de figado de pacientes com DHA sdo mais adequadas para
identificar os alvos terapéuticos porque 0s niveis séricos de citocinas podem ser
correlacionados com a severidade da doenca. Mas, essas amostras tém menos
significado fisiopatologico devido a depuracdo hepética e pela ocorréncia de infeccOes
bacterianas. Uma abordagem simples seria investigar a ativacdo ou expressdo de
diferentes mediadores do tecido hepatico dos pacientes e relaciona-los com a gravidade
da doenga e em seguida testar a importancia bioldgica desses fatores em modelos
animais (GAO & BATALLER, 2011).
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4.7 DIEILCARBAMAZINA

A dietilcarbamazina (DEC) é um derivado da piperazina sintetizada como 1-
dietilcarbamil-4-metilpiperazina e preparada na forma de cloridrato, citrato ou fosfato
(Figura 14). A partir de 1950, foi distribuida como sal citratado por inumeras
companhias farmacéuticas sob diferentes nomes, como Hetrazan, Banocide, Caricide,
Carbilazine, entre outros. E um p6 branco, muito soltvel em agua, estavel, mesmo em
condigbes de umidade e temperatura muito elevadas, e resiste, inclusive, a
autoclavagem. A denominacdo dietilcarbamazina genericamente se refere a sua forma
citratada, uma vez que é mais comumente utilizada (DREYER & NOROES, 1997).

Figura 13. Citrato de dietilcarbamazina (Otssen, 1985).

A DEC é rapidamente absorvida pelo trato gastrointestinal e atinge o pico da sua
concentracdo plasmatica entre uma e trés horas ap6s a ingestdo (HAWKING, 1979;
1977; SAKUMA et al., 1967) e esta quase ausente na urina, plasma e saliva de
humanos apos 24h da ingestdo (ILONDU et al., 2000). Por outro lado, estudos
toxicoldgicos e farmacoldgicos em camundongos indicaram que ap6s 3h o composto é
completamente excretado pelo rim (HARNED et al., 1948). Horii e Aoki (1997)
descreveram o nivel plasméatico de DEC em ratos apos a administracdo de 200 mg/kg,
registrando valores de 30 pg/ml apds 30-60 min da injecdo, decrescendo rapidamente

para 1,5 ug/ml apés 4h e atingindo 0,1 pg/ml ap6s 8h do tratamento.
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Devido a sua ac¢do microfilaricida eficaz (FLORENCIO & PEIXOTO, 2003) e
macrofilaricida parcialmente eficazes (NOROES et al., 1997), a DEC ¢é utilizada como
tratamento padrdo para filariose linfatica desde meados de 1940. Inicialmente o regime
de tratamento recomendado consistia de um curso de 12 dias de tratamento com DEC (6
mg/kg de peso). No entanto, pesquisas demonstraram que o tratamento com uma dose
Unica de DEC (6 mg/kg de peso) tem efic&cia microfilaricida a longo prazo comparéavel
ao curso de 12 dias de tratamento (OTTENSEN, 2000).

Atualmente, tém-se realizado alguns estudos sobre o mecanismo de acdo desta
droga, que apesar de mais de 50 anos de uso, teve o seu potencial farmacoldgico tdo
pouco explorado. Sabe-se, até 0 momento, que parte dos efeitos atribuidos a DEC, deve-
se a sua interferéncia no metabolismo do 4cido araquidénico (NOROES et al., 1997).

Esta alteracdo do metabolismo do acido araquidénico confere a DEC,
propriedades anti-inflamatérias (MAIZELS & DENHAM, 1992). Sabe-se que a via do
acido araquidénico inclui as enzimas lipoxigenase (LOX) e ciclooxigenase (COX). A
via da COX apresenta similaridade com a via do éxido nitrico, ambas possuem
isoformas constitutivas e induziveis de suas enzimas e controlam as respostas
inflamato6rias (CLANCY & ABRAMSON, 1995).

Existem poucos estudos sobre o papel da DEC na patofisiologia da inflamacéo.
Alguns autores descreveram o uso terapéutico da DEC como droga anti-inflamatéria
para condicbes asmaticas (SALAZAR-MALLEM, 1971; SRINIVAS & ANTANI,
1971; THIRUVENGADAM et al., 1974; MAIZELS & DENHAM, 1992). O tratamento
com DEC por 12 dias demonstrou um aumento no metabolismo do sulfactante
pulmonar com uma posterior ativacdo de macrofagos alveolares, o que poderia explicar
o alivio nos sintomas da asma, apos o tratamento (FLORENCIO et al., 2005). Segundo
Queto et al. (2010), a DEC tem importante a¢cdo no bloqueio da inflamagéo eosinofilica
pulmonar em camundongos sensibilizados com ovoalbumina. Foi observado que a DEC
bloqueia a hiper-reatividade pulmonar, a producdo de citocinas da resposta Th2 e o

acumulo de eosinofilos, bem como a eosinofilopoise in vivo e in vitro.

De acordo com Gonzalez et al. (1994), ratos com inflamacao hepatica induzida
por tetracloreto de carbono (CCl;) apresentaram uma evidente redugdo do dano

morfologico apds o tratamento com 25 e 50 mg/kg de DEC. Os animais apresentaram
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organelas e sistema de membranas hepéaticas bem preservados, mostrando o efeito
protetor da DEC. Em outro estudo, Rocha et al. (2012) demonstraram que o tratamento
com 50 mg/kg de DEC inibiu a injuria hepatica e reduziu marcadores inflamatorios,
como IL-6, TNF-a, MCP-1, iNOS durante a inflamacdo induzida pelo consumo cronico

de etanol.
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Abstract

Induction of NF-xB-mediated gene expression has been identified in the pathogenesis
of alcoholic liver disease (ALD). Diethylcarbamazine (DEC) is a piperazine derivative
drug with anti-inflammatory properties. The present study was designed to evaluate the
effect of DEC on NF-xB pathways in mice undergoing alcoholism induced hepatic
inflammation. Forty male C57BL/6 mice were divided equally into four groups: control
group (C); DEC- treated group, which received 50 mg/kg (DEC50); alcoholic group
(EtOH), submitted to chronic alcohol consumption and alcohol-DEC treated group
(EtOH50), submitted to chronic alcoholism consumption plus DEC treatment.
Histological analysis of the alcoholic group showed evident hepatocellular damage
which was reduced in the EtOH50 group. Immunohistochemistry and western blot
results showed elevated expression of inflammatory markers such as MDA, TNF-a, IL-
1B, COX-2 and iNOS in hepatocytes of EtOH group. However, low immunopositivity
for these markers was detected following DEC treatment. In the EtOH group the
activation of NF-xB was observed by an increase in the expression of both NF-xB and
PNF-kB in hepatocytes. This expression was significantly reduced in livers of EtOH50
group. Protein expression of lkfBa was measured to determine whether activation of NF-
kB might be the result of IxPo degradation. It was observed that expression of this
enzyme was low in EtOH group, while animals treated with DEC had a high expression
of IxBa. The results of the present study indicate that DEC alleviates alcoholic liver
injury, in part by the inhibiting activation of NF-kB and by suppressing the induction of
NF-xB-dependent genes.

Keywords: Diethylcarbamazine, Alcoholism, Hepatic injury, Inflammatory markers,

transcription factors, NF-kB
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Abbreviations:  ALD, alcoholic liver disease; DEC, diethylcarbamazine; MDA,
malondialdehyde; TNF-a, tumor necrosis factor-a; IL-1pB, interleukin 1-B; COX-2,
cyclooxygenase-2; eNOS, endothelial nitric oxide synthase; INOS, inducible nitric
oxide synthase; NF-kB, nuclear factor-kappa B; WB, Western blot; NO nitric oxide;
TXB, thromboxanes; TGFb, transforming growth factor-p.

1. Introduction

The hazardous and harmful use of alcohol is a major contributing global factor
to death, disease and injury. Alcohol consumption is directly associated with liver
disease mortality and leads to elevated social and economic costs (Bruha et al., 2012).
The most commonly recognized symptoms of alcohol consumption are associated with
chronic alcoholism, and it is a causal or risk factor in 60 types of diseases and injuries.
These and other effects of alcohol consumption have made alcohol the third leading
global risk factor for disease and disability (WHO, 2011).

The toxic effects of alcohol have an impact on multiple organs; however, the
liver, as the primary site of alcohol metabolism, is the major injury target (Karinch et al,
2008; Lieber, 2000; 2005). Increasingly, alcoholic liver disease (ALD) is considered to
be a complex and multifaceted pathological process, involving oxidative stress,
inflammation and excessive fatty acid synthesis (Mandrekar, 2007). The progression of
the disease involves various pro-inflammatory molecules such as interleukins,
cytokines, adhesion molecules and nuclear factor-kappa B (NF-kB) (Achur et al., 2010,
Ballas et al., 2012, Rocha et al., 2012).

NF-xB is a transcription factor involved in inflammation and immune response
(Baeuerle and Baltimore, 1996) and is activated by oxidants and cytokines such as

interleukin 1B (IL-1PB) and cytokine tumor necrosis factor-alpha (TNF-a) (Barnes and
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Karin, 1997), which play important roles in inflammation and the development of ALD.
IL-1B and TNF-a trigger the degradation and phosphorylation of 1kB proteins, thus
permitting the entry of NF-xB p65/p50 into the nucleus, where it activates the
transcription of various genes including cyclooxygenase-2 (COX-2) and inducible nitric
oxide synthase (iNOS), both considered important mediators in the recruitment of
inflammatory cells (Bhaskaran et al., 2010; Arias-Salvatierra et al., 2011).

Since 1947 diethylcarbamazine (DEC) is the most widely used drug for the
treatment of lymphatic filariasis (Hewitt et al., 1947). As a result of its interference with
arachidonic acid metabolism, DEC has anti-inflammatory properties, including
lipoxygenase (LOX) and cyclooxygenase (COX) enzymes (Maizels and Denham, 1992;
McGarry et al., 2005). Queto et al. (2010) demonstrated that DEC has important role in
blocking pulmonary eosinophilic inflammation in mice sensitized with ovalbumin,
effectively preventing the effects of subsequent airway resistance, Th1/Th2 cytokine
production, pulmonary eosinophil accumulation and in vivo and ex Vivo
eosinophilopoiesis. Additionally, DEC directly suppressed IL-5-dependent
eosinophilopoiesis in naive bone marrow.

Recently, Rocha et al. (2012) demonstrated that chronic consumption of ethanol
increases NF-kB levels and targets several proinflammatory cytokines, chemokines and
oxidases. The administration of DEC inhibits hepatic injury and decreases inflammatory
markers, suggesting potential therapeutical use in chronic inflammation induced by
alcoholism. However, the inhibition of the nuclear transcription factors of the kB family
pathways needs to be clarified. Therefore, the aim of the present study was to
investigate the role of DEC on NF-kB pathways in hepatic inflammation induced by

alcoholism. The following points were examined: 1) hepatic injury (histology), 2)
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detection of TNF-a, IL-1f, malondialdehyde (MDA), COX-2 and NF-xB
(immunohistochemistry), 3) expression of IL-1p, COX-2, TNF-a, IkB and NF-xB
(western blot).
2. Material and Methods
2.1 Animals

Forty male C57BL/6 mice aged 5 weeks and weighting 15-17 g were used in all
experiments. The health of the mice was examined and they were acclimatized to the
laboratory environment of 22 °C and 12 h light: 12 dark photoperiods. The animals were
housed in metal cages and fed a standard diet and water ad libitum. The animal studies
Ethics Committee of Oswaldo Cruz Institute approved all the experiments reported
(CEUA LW- 32/10).
2.2 Diethylcarbamazine solutions

The solutions were compounds of distilled water and DEC (Farmanguinhos,
FIOCRUZ, Brazil) adjusted according to the body weight of each animal. The treated
groups received 50mg/kg of DEC for twelve days through gavage (200 ul) (Rocha et
al., 2012; Saraiva et al., 2006). The control group received distilled water only,
administered in the same way. Classical metabolic studies describe the total metabolic
rate of a 30 g mouse as 961 kJ per kg body weight, which is approximately seven times
the total metabolic rate of a 70 kg human (138 kJ per kg (Terpstra, 2001)). The
lymphatic filariasis therapeutic dose regimens recommended by the World Health
Organization (WHO) is 6mg/kg for 12 days (WHO, 2011). In the present study, 50
mg/kg of DEC for 12 days was used, which is approximately seven times the human
dose.

2.3 Experimental groups
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After a week of acclimation, 30 day old C57BL/6 mice were separated into four
groups (n=10 each): control group (C) that received distilled water only, administered in
the same way, DEC-treated group (DEC50) that received 50 mg/kg DEC for twelve
days by gavage, alcoholic group (EtOH) which received ethanol and alcoholic plus 50
mg/kg DEC group (EtOH50). Ethanol was provided in drinking water at 10% (v/v) for 2
days, 15% for 5 days, and 20% for 5 weeks (Ballas et al., 2012; Cook et al., 2004).
According to Cook et al. (2004), innate immune system of mice presents significant
changes after 20% ethanol consumption for three weeks. Solutions were changed daily
and the remaining liquid in the bottles was measured in a graduated cylinder for final
volume analysis, and then discarded. After five weeks of alcoholism induction,
mice received alcohol plus treatment for 12 days with a solution of DEC administered
orally. The alcoholic group received alcohol plus water by gavage for 12 days.

2.4 Histopathology

Liver fragments were fixed in 10% formalin for 24 hours, processed and
embedded in paraffin. Sections of 4-5um were cut and mounted on glass slides. The
sections were stained with hematoxylin-eosin (HE) and evaluated with an inverted
microscope (Observer Z1, Zeiss Microlmaging GmbH) equipped with a camera and
4.7.4 image analysis program (AxionCam MRm Zeiss) at a magnification of 400 x.

2.5 Immunohistochemical assays

Five sections (5 pum in thickness) of each group were cut and adhered to slides
treated with 3-amino-propyl-trietoxi-silane (APES [Sigma, USA]). Briefly, the sections
were deparaffinized with xylene and rehydrated in graded ethanol (100 to 70%). To
increase epitope exposure, the sections were heated for 30 minutes in a sodium citrate
buffer (0.01 M, pH 6.0). To minimize endogenous peroxidase activity, the slides were

treated with 0.3% (v/v) H,O; in water for five minutes. The sections were washed with
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0.01M PBS (pH 7.2) and then blocked with 1% BSA, 0.2% Tween 20 in PBS for 1h at
room temperature. The sections were then incubated for 12 hours at 4°C with pantibody
against NF-xB-p65 (1:50, Santa Cruz Biotechnology, CA), pNF-xB (1:100, Abcam,
Cambridge, UK), IxBa (1:100, Santa Cruz Biotechnology, CA), TNF-a (1:50, Abcam,
Cambridge, UK), MDA (1:50, Abcam Cambridge, UK), IL-1p (1:250, Abcam,
Cambridge, UK), COX-2 (1:400; Abcam, Cambridge, UK), INOS (1:50 Abcam,
Cambridge, UK). The antigen-antibody reaction was visualized with avidin-biotin
peroxidase (Dako Universal LSAB ® + Kit, Peroxidase) using 3.3-diaminobenzidine as
the chromogen. The slides were counterstained with hematoxylin. Positive staining
resulted in a brown reaction product. Negative controls were treated as above, but with
the omission of the first antibody. Five pictures at the same magnification were
quantitatively analyzed using Gimp 2.6 software (GNU Image Manipulation Program,
UNIX platforms).
2.6 Total protein extraction

Livers were quickly dissected and then homogenized in a Wheaton Overhead
Stirrer (No 903475) in an extraction cocktail (10 mM Ethylenediamine tetraacetic acid
(EDTA), 2 mM phenylmethylsulfonyl fluoride (PMSF), 100 mM sodium fluoride,
10mM sodium pyrophosphate, 10 mM sodium orthovanadate (NaVO,), 10 mg of
aprotinin and 100 mM Tris(hydroxymethyl)aminomethane, pH 7.4). Homogenates
were centrifuged at 3000 xg for 10 min and the supernatant was collected and stored at -
80° C until use for IL-1B and COX-2 immunoblotting.
2.7 Cytosolic and Nuclear protein extraction

Cytosolic and the nuclear proteins of liver were isolated using Cayman’s
Nuclear Extraction kit (Item No. 10009277, Cayman chemical company, Ann Arbor,

Michigan, USA). Liver fragments were briefly homogenized in a hypotonic buffer
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supplemented with DTT and Nonidet P-40 per gram of tissue. The livers were
centrifuged and re-suspended by adding specified assay reagents as instructed. The
cytosolic and nuclear fractions were stored in pre-chilled vials at -80°C until further
analysis. Livers cytosols were used to determine amounts of IkBao in immunoblotting,
and nuclear fractions were used for NF-kB immunoblotting.
2.8 Measurement of protein levels

Total, cytosolic and nuclear extraction protein levels were determined through
the Bradford method using bovine serum albumin as standard (Bradford, 1970). The
samples were read in a spectrophotometer at 660nm. All samples were run in duplicates
and an average of the two absorbency levels was used to determine protein quantity.
The protein concentration per sample amount was determined using the equation from a
calibration curve. The curve was generated using the same method as the samples, with
the substitution of bovine serum albumin at five concentration levels.
2.9 Western blot

The proteins (40 pg) were separated on 10% (NF-kB, pNF-«B, IkBa, plkBa
and COX-2) or 12% (IL-1B) sodium dodecyl sulfate—polyacrylamide by gel
electrophoresis under reduced conditions and were electrophoretically transferred onto
nitrocellulose membrane (Bio Rad, CA, USA, Ref. 162-0115). After overnight blocking
at 4°C with 5% non-fat milk in TBS-T (Tris-buffered saline 0.1% plus 0.05% Tween 20,
pH 7.4), the membranes were incubated at room temperature for 3h with antibody
against NF-kB (1:200, Santa Cruz Biotechnology, CA), pNF-kB (1:200, Abcam
Cambridge, UK) IkBa (1:500, Santa Cruz Biotechnology, CA), p IkBa (1:50, Cell
Signaling Technology, USA), IL-18 (1:1000, Abcam Cambridge, UK ) and COX-2
(1:1000, Abcam Cambridge, UK), diluted in TBS-T buffer solution containing 3% non-

fat milk. After washing (six times, 10 min each) in TBS-T, the membranes were further
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reacted with horseradish peroxidase-conjugated anti-rabbit antibody (1:80000, Sigma,
USA), diluted in TBS-T with 1% nonfat milk, for 1h30min, at room temperature. An
enhanced chemiluminescence reagent (Super Signal, Pierce, Ref. 34080) was used to
make the labeled protein bands visible and the blots were developed on X-ray film (Fuji
Medical, Kodak, Ref. Z358487-50EA). For quantification, the density of pixels of each
band was determined by the Image J 1.38 program (available at
http://rsbweb.nih.gov/ij/download.html; developed by Wayne Rasband, NIH, Bethesda,
MD). For each protein investigated the results were confirmed in three sets of
experiments. Immunoblot for B-actin was performed as a control for the above protein
blots. After protein blot visualization with enhanced chemiluminescence, the protein
antibodies were stripped from the membranes, which were reprobed with monoclonal
anti-B-actin antibody (1:2000, Sigma, USA), and protein densitometry was performed.
2.10 Statistical analysis

For statistical analysis GraphPad Prism software, version 5, was used. Results
were expressed with mean * standard deviation. Differences between control and
treated groups were analyzed using analysis of variance T tests as post hoc tests.
Probability values less than 0.05 were considered significant.
3. Results
3.1 Ethanol consumption and Body mass

No significant difference in ethanol consumption was observed during the
experiment between the alcoholic group EtOH (171.5 +6.543) and EtOH50 (173.5 +
5.525). Additionally, no difference was observed in body mass between the EtOH
(24.61 £ 0.4610) group and the EtOH50 group (24.33 £ 0.4248).

3.2 DEC inhibits alcohol-induced liver injury



63

No histological alteration was observed in the livers of mice from the control
group (C) or 12 days of DEC treatment (DEC50) group. Mice from these groups had
well-preserved tissue, composed of radially arranged cords of hepatocytes distributed in
hepatic lobules (Fig. 1A and 1B).

In the livers of the group that received chronic ethanol for 5 weeks (EtOH) the
presence of some areas of interstitial edema parallel to the cords of hepatocytes and
lipid droplets in the cytoplasm of hepatocytes were observed, characteristic of the
steatosis process. Moreover, necrosis and inflammation was observed in the liver
parenchyma (1C). The group that received ethanol and was treated for 12 days with 50
mg/kg of DEC (EtOH50) had a reduced number of lipid droplets and a decrease in
inflammation and necrosis (Fig. 1D).

3.3 DEC treatment inhibits alcohol-induced lipid peroxidation in liver

Malondialdehyde (MDA) is a product of lipid peroxidation that effects the
modulation of hepatic inflammatory response. Administration of alcohol produces
severe liver damage, as indicated by markedly increased MDA levels.
Immunohistochemical staining showed that MDA was highly accumulated in the
hepatic tissue of the EtOH group (Fig. 2A). In contrast MDA labeling was significantly
low in the EtOH50 group (Fig. 2B).

3.4 Effects of DEC on TNF-¢, IL-18, COX-2 and iNOS expression in liver

Immunohistochemical analysis for TNF-a, a pro-inflammatory mediator in many
experimental liver injury models, including alcohol-induced hepatitis, showed that this
cytokine was highly induced by ethanol exposure (Fig. 2C), mainly in necrotic areas
and macrophages. TNF-a immunopositivity decreased significantly in the livers of

alcohol-induced mice treated with DEC (EtOH50) (Fig. 2D).
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IL-1p is another cytokine that plays a role in inflammation and is required for
the development of alcohol-induced liver injury. Immunohistochemical labeling for IL-
1B in the alcoholic group (EtOH) showed high expression of this cytokine around the
center-lobular veins, in the portal region and in macrophages (Fig. 2E). However, the
group subjected to ethanol plus 50mg/kg DEC (EtOH50) had significantly reduced
staining (Fig 2F). Confirming these results, Western blot (WB) for IL-1p showed that
this interleukin was expressed in the control and DEC50 groups (Fig 3A). The chronic
consumption of ethanol significantly increased protein expression and the group that
received ethanol and was treated for 12 days with 50 mg/kg of DEC (EtOH50) had
reduced IL-1p protein expression (Fig 3A).

COX-2 expression is related to the inflammatory phenomena present in chronic
liver diseases. COX-2 was analyzed by immunohistochemical and WB. Immunostaining
in hepatic tissue of the alcoholic group (EtOH) showed high expression of COX-2 in
cytoplasm of hepatocytes (Fig.2G), which was significantly reduced in the hepatocytes
of the EtOH50 group (Fig. 2H). WB showed that the high levels of COX-2 protein
expression observed in the EtOH group (Fig 3B) were diminished after treatment with
50 mg/kg of DEC (EtOH50) (Fig 3B).

The inducible nitric oxide synthase (iNOS) gene is expressed by hepatocytes in a
number of physiologic and pathophysiologic conditions. Immunostaining showed that
the expression of iINOS was highly induced by ethanol exposure (Fig 21) in cytoplasm
of hepatocytes. The level of INOS immunopositivity decreased significantly in the
livers of alcoholic-induced mice treated with DEC (Fig 2J).

3.5 Effects of DEC on activation of NF-kB in liver
NF-«B is a nuclear transcription factor which, among other properties, regulates

inflammatory genes. Immunohistochemical and WB analysis was performed with an
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antibody against the p65 subunit of NF-xB and with phospho-NF-kB p65 antibody
(pPNF-kB) to evaluate the distribution of NF-xB in the hepatic tissue. A high level of
NF-kB was seen in hepatocytes exposed to alcohol (Fig. 2K). pNF-xB positivity was
found predominantly in the nucleus of hepatocytes. However immunopositivity in the
cytoplasm of hepatocytes was also observed (Fig 2M). Levels of NF-kB and pNF-«B
immunopositivity decreased significantly in the livers of alcoholic-induced mice treated
with DEC (Fig 2L and 2N). In WB, no difference was observed in the expression of
NF-kB protein in the cytoplasmatic fraction (Fig. 3D). In total and nuclear fractions, it
was observed that the chronic consumption of ethanol significantly increased the protein
expression of NF-kB and the group that received ethanol and was treated for 12 days
with 50mg/kg of DEC (EtOH50) resulted in reduced expression of these proteins (Fig
3C and 3E). The same results were observed for pNF-kB of nuclear fraction (Fig 3F).

To determine whether the activation of NF-xB might be result of degradation of
IxBa., protein expression of cytoplasmatic 1kBo and plkBa were measured using WB
analysis. It was observed that the EtOH group had low expression of IxBa (Fig.
3G) and high expression of plkBa. (Fig. 3H), while the animals treated with DEC had
high expression of IkBa (Fig 3G) and low expression of plkBa. (Fig. 3H).
4. Discussion

It is now widely accepted that the progression of liver injury consequent to
chronic alcohol abuse is a multifactorial event that involves a number of genetic and
environmental factors (Albano, 2006). The damage present in ALD involves cytokines,
oxidases and protease genes that propagate responses through common signaling

pathways involving NF-«B (Nanji et al., 1999). Defining mechanisms for liver
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inflammation and cell death in ALD can provide new insights into the development of
this process, and offer potential targets for therapeutic intervention.

Pharmacoterapy of liver disease can produce positive results, but can also have
considerable negative effects. The clinical course of hepatic injury can be improved
with the use of natural compounds with anti-oxidant properties (resveratrol), corticoids
and anti-TNFa. agents (pentoxifylline, infliximab, etanercept). However, more clinical
data is necessary to standardize this treatment as these drugs can increase mortality, risk
of infection and death of patients (Bruha et al, 2012; Gao and Bataller, 2011).

Few studies focus on the role of DEC in the pathophysiology of inflammation.
According to Gonzalez et al. (1994) rats with hepatic inflammation induced by CCl,
had an evident reduction of morphological damage after DEC treatment at 25 and 50
mg/kg, presenting well-preserved organelles and hepatic membrane system. In another
study Rocha et al. (2012) demonstrated that DEC treatment at 50 mg/kg inhibited the
hepatic injury and decreased inflammatory infiltration induced by ethanol consumption.
In the present study, it was found that ingestion of ethanol (EtOH) for 5 weeks caused
fatty liver, necrosis and inflammation and DEC treatment reduced hepatic injury,
confirming previous studies.

The findings of the present study support the role of inflammatory mediators in
alcohol liver damage. The EtOH group presented marked immunoexpression of MDA,
IL-1B8, TNF-a, COX-2, INOS, NF-kB, pNF-kB. Treatment with DEC decreased the
expression of these markers.

Several studies have suggested that ethanol may cause tissue damage through
lipid peroxidation. The end products of the peroxidation of polyunsaturated fatty acids,
such MDA, are used as markers to assess ROS-induced lipid peroxidation and may play

roles in the pathogenesis of liver diseases (Sakaguchi et al, 2011). In the present study,
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the increased MDA immunostaining observed in the EtOH group was reduced after
DEC treatment, suggesting a possible antioxidant action.

Cytokines are mediators of cellular communication and in the liver they are
produced by multiple cell types. Kupffer cells are prominent producers of
proinflammatory cytokines, such as IL-1 and TNF-a (McClain et al., 2004). Chronic
alcohol consumption, particularly in alcoholic liver disease, was shown to be associated
with elevated levels of circulating TNF-o and IL-1 (Khoruts et al., 1991; McClain and
Cohen, 1989). These cytokines promote infiltration of inflammatory leukocytes and
activate oxidative responses, accompanied by a further release of cytokines and
degradative proteins. (Hoec and Pastorino, 2002). The present study showed that DEC
inhibited the release of IL-1p and TNF-a in alcoholic mice confirming previous studies
that found that DEC decreased inflammatory markers in liver injury (Rocha et al.,
2012).

COX-2 is considered to be a mitogen-inducible form, associated with biologic
events such as injury, inflammation and proliferation (O’ Banion et al., 1991, 1992;
Kirschenbaum et al., 2000). COX-2 is induced by a variety of stimuli including IL-1,
TNF-a, lipopolysaccharide (LPS), and oxidantive stress (Feng et al., 1994). One of the
major eicosanoid products resulting in increased expression of COX-2 is thromboxanes
(TXB2) (Crofford, 1997). Nanji et al (1994) showed the existent correlation between
levels of thromboxane B2 (TXB2) in plasma of rats and the severity of ALD. Dinchuk
et al (1995) observed that hepatocyte injury was markedly reduced in COX-2 knockout
mice and that a combination of TNF-o and COX-2 was important in endotoxin-

mediated hepatocellular injury.



68

Pharmacological studies have showed that DEC interferes with the arachidonic
acid metabolism, acting as an anti-inflammatory drug. There is substantial information
to suggest that DEC blocks a number of steps in both cyclooxigenase (COX) and
lipoxigenase pathways, including inhibition of leucocyte chemotaxis, granulocyte
degranulation, and peripheral vasodilation (Maizels and Denham 1992). Ours results
demonstrated that DEC significantly diminishes the COX-2 activation present in the

EtOH group confirming a possible anti-inflammatory action.

Nitric oxide (NO) is a potent vasorelaxant (Palmer et al., 1987), but also plays a
role in physiological processes (Garthwaite et al., 1988) and host defense (Nathan and
Hibbs, 1991). In the liver, NO is produced by constitutively expressed endothelial nitric
oxide synthase (eNOS) or inducible nitric oxide synthase (iNOS). iNOS is negligible
under physiological conditions, but is expressed in hepatic cells including hepatocytes
and Kupffer cells under pathological conditions such as sepsis, hemorrhagic shock,
ischemia-reperfusion, hepatitis, and cirrhosis. During infection and inflammation of the
liver, excess production of NO by iNOS is thought to be involved in liver injury (Matsui
etal., 2011).

Datta et al. (2006) suggest that iNOS/NO production has a regulatory effect on
INOS and COX-2 expression. The molecular regulation of iINOS expression is complex
and occurs at multiple levels in the gene expression pathway. Several studies have
demonstrated that the upregulation of iNOS is associated to the increase of COX-2
protein expression, and that NF-xB activation is essential for iINOS-dependent
upregulation of COX-2 (Li et al 2003; 2007). Numerous mechanisms have evolved to

regulate iINOS expression during hepatocellular injury. The cytokines TNF-o,, IL-1p,

and INF-y synergistically activate iINOS expression in the liver, which is down-
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regulated by steroids, TGF-f, the protein heat shock response, p53, and NO itself
(Taylor et al., 1998). Tirapelli et al. (2011) observed in rats that chronic ethanol
consumption increased the mRNA expression and immunostaining for iNOS, but not
eNOS, indicating that ethanol up-regulates INOS expression at the pre-translational
level.

McGarry et al (2005) observed that INOS and COX pathways were essentials for
DEC activity in vivo. These authors showed that DEC was ineffective in Brugia malayi
infected mice lacking iINOS and that DEC administration reduced the amount of COX-1
in the host. Queto et al (2010), in a study of pulmonary eosinophilic inflammation using
OVA-sensitized BALB/c mice, showed that DEC suppressed allergen-induced
eosinophilia in lungs and bone marrow through an INOS/CD95L-dependent
mechanism. In the present study, ethanol consumption increased iNOS and COX-2
expression and DEC treatment reduced these markers, confirming that the upregulation
of iNOS is associated with increased COX-2 protein expression and that the inhibition
of inflammation by DEC observed in the liver after chronic consumption of alcohol is
INOS-dependent.

NF-xB is one of the principal proinflammatory transcription factors (Tak et al
2001) and several studies have linked its action with liver damage caused by ethanol.
Nanji et al. (1999) suggested that translocation of the transcripition factor NF-xB was
associated with the development of necroinflammatory changes in the livers of alcohol-
fed rats. In another study, the same authors observed that alcohol-induced liver disease
was accompanied by the activation of NF-xB-dependent genes such as iNOS and COX-

2. According to Zou and Crews, 2010 ethanol could initially activate NF-xB through

reactive oxygen species and/or release of proinflammatory cytokines, such as TNF-a. In
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the results of the present study it was observed that ethanol treated groups presented an
increase of NF-xB and pNF-kB expression, cytokines related to its activation (IL-1p
and TNF-a) and NF-kB-dependent markers (iNOS and COX-2).

Activation of NF-kB occurs secondarily to the proteolitic degradation of IkxBa,
allowing free NF-xB to translocate to the nucleus and initiate gene transcription
(Baeuerle and Baltimore, 1996; May and Ghosh, 1997). The findings of the present
study support a role for 1kBa in alcoholic liver injury because the activation of NF-xB
in the presence of inflammatory changes in the liver was accompanied by a loss of IkBa.
in the alcoholic treated group. The inhibition of NF-xB activation in the alcoholic group
treated with DEC (EtOH50) was accompanied by the preservation of IkBo protein
expression. The mechanisms involved in the stabilization of 1kBo and suppression of
NF-kB activation in the EtOH50 group by DEC remain to be elucidated, but a role for
the NF-xB signaling cascade is suggested.

In the current study, it was found that treatment with DEC was highly effective
in preventing experimental ALD. In addition to preventing alcohol-induced liver injury,
it blocked lipid peroxidation, reduced the activation of NF-kB by stabilizing 1kBa
degradation and also reduced the expression of proinflammatory cytokines, iNOS and
COX-2. These results suggest that DEC not only inhibits the hepatic local inflammatory
response, but also attenuates the positive feedback loop between oxidative stress and
inflammation. It is noteworthy that the anti-inflammatory properties of DEC are related
not only to the inhibition of cyclooxygenases pathways, but also that it is involved in
the inactivation of NF-kB signaling, which also synergistically activates COX-2 gene
expression. The results here presented study indicate that DEC exerts potent anti-

inflammatory effects by inhibiting both pathways. Also, it suggests that agents that
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prevent the activation of a transcription factor, i.e., NF-xB, will suppress expression of a
series of proinflammatory molecules and thereby prevent ALD.
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FIGURE 1
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Figure 1. Micrograph of hepatocytes. (A) Liver parenchyma from control group
showing typical morphology, (B) Group treated with 50mg/kg DEC (DEC50), (C)
Alcoholic group (EtOH), (D) Alcoholic plus DEC group (EtOH50). Hepatic venule (V),
lipid droplets (arrow), inflammatory infiltrates (star), cords of hepatocytes (asterisk).
HE staining. Bars= 20 um.
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Figure 2. Immunohystochemical liver analysis. (A) MDA, (C) TNF-a, (E) IL-1pB, (G)
COX-2, (1) iNOS, (K) NF-kB, (M) pNF-kB and (O) IkBa in EtOH group. (B) MDA,
(D) TNF-a, (F) IL-1B, (H) COX-2, (J) iNOS, (L) NF-xB, (N) pNF-«B and (P) IxBa in
alcoholic plus DEC treated group. Intense labeling for MDA, TNF-a, IL-1B, COX-2,
INOS, NF-«xB and pNF-xB present in the hepatocytes of the EtOH group. Reduced
staining after DEC treatment for these markers was observed. EtOH group had low
expression of IkBa, while the animals treated with DEC had high expression this
enzyme. The quantification of cytokines (mean = S.D., n= 5 in each group). *P < 0.05,
**P < (.01 as compared with the control group. Bars= 20mm.
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FIGURE 3
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Figure 3. Western blot analysis of protein liver expression. Protein extracts were used
to analyze the expression of IL1-B (A), COX-2 (B), NF-xB total (C), NF-kB cytosolic
(D), NF-xB nuclear (E), pNF-xB nuclear (F), 1kBa (G)and plkBa (H). Chronic
consumption of alcohol increased the expression of these markers. Alcoholic group
treated with DEC inhibited NF-kB activity and expression of IL1-B, COX-2. No
difference was observed in the protein expression of NF-kB cytosolic protein fraction
(D). Low expression lkBo protein in EtOH group was observed while the alcoholic
animals treated with DEC had a high expression of this enzyme (H). *P < 0.05, EtOH
group when compared with control group. * P < 0.05, EtOH50 group when compared
with EtOH group. Data was analyzed by T tests. Columns represent the mean + S.D. of
the protein investigated; results were confirmed in three sets of experiments (n= 4
animals for each group). B-actin was used as a control for the proteins blots.
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Abstract

Diethylcarbamazine (DEC) is a well-known drug used throughout the world against
lymphatic filariasis. However, along the last years, innumerous studies indicated other
impressive pharmacological activities of DEC. Some preliminary clinical studies have
stated that DEC was quite effective in asthmatic conditions, and various experimental
studies used DEC as a potent leukotriene inhibitor. Nowadays, is well-established that
DEC interferes with the cyclooxygenase pathways, reducing thromboxane, prostacyclin
and prostaglandin production. Recent studies using different experimental models of
inflammation indicated that DEC, besides inhibiting cyclooxygenases and
lipoxygenases pathways, can also inhibit the nuclear transcription factor kappa B (NF-
«B) activation, which is a key regulator of proinflammatory genes such us TNF-a, IL-
1B, nitric oxide synthase inducible (iNOS) and even cyclooxygenase 2 (COX-2). This
review will provide a comprehensive summary of DEC, including information on
filaricidal action, inhibition of synthesis and secretory pathways, immunomodulatory

activities, and specific inhibition of lipoxygenase and cyclooxygenase pathways.

1. Filaricidal Action

Diethylcarbamazine (DEC) has been used successfully as a principal public
health tool to eliminate lymphatic filariasis in several countries throughout the world. Its
filaricidal activity was discovered by Hewitt et al. [1] in wild cotton rats infected with
Litomosoiders sigmodontis. Afterwards, Santiago-Steveson et al. [2] demonstrated its
activity against Wuchereria bancrofti in human patients. Although DEC is the drug of
choice for lymphatic filariasis, its mode of action is still a matter of controversy.

One of the most frequent findings is that DEC increases the microfilarial

adherence to endothelial cells and granulocyte [3, 4, 5] which further biochemical
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studies showed to be a result of inhibition of cyclooxygenases and lipoxygenases
pathways [6, 7, 8]. These results led to the suggestion that DEC stimulates the innate
arm of the immune system. In contrast, accumulated evidence indicates that
microfilaricidal effect of DEC is not dependent on a specific humoral response. Weiner
and Soulsby [9] showed that DEC reduced microfilariae levels by 95.8%, even when
microfilariae of Litomosoides sigmodontis released in vitro were transfused into a naive
animal, suggesting that an adaptive immune response was not a sufficient condition for
DEC effectiveness. Similarly, Vickery et al. [10] showed that DEC mediates the
clearance of Brugia pahangi microfilariae in immunodeficient nude mice.

Several other proposals suggested that DEC does not have a direct effect on the
surface on the microfilariae, since some analyses revealed that the exposure of
microfilariae to high concentrations of DEC left them unharmed; these results led to the
idea that DEC had no direct effect on filarial parasites [5,11,12,13]. Barranco et al. [14]
related paralysis of microfilariae treated in vitro, but unfortunately, the methodology
consisted of imprecise DEC dilutions. However, in 2009, Rathaur et al. [15] incubated
adult females worms and microfilariae of Setaria cervi with 100 uM of DEC, aspirin or
indomethacin for 4 hours and observed that aspirin affected irreversibly the motility of
both microfilariae and adult worms, while indomethacin and DEC were effective only
on microfilarial stage with no significant effect on adult parasites even in higher
concentrations. DEC treated microfilariae were straight, immobile and had wrinkled
surface.

Ultrastructural studies developed in our laboratory showed drastic
morphological damage to microfilariae of Wuchereria bancrofti after in vitro and in
vivo treatment with DEC, indicating a possible direct mode of action. DEC promoted

severe damage of microfilarial cells, including the presence of large vacuoles, lysis of
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the cytoplasm and chromatin and bodies extruding from the plasma membrane,
indicative features of an apoptotic process [16, 17, 18], which were confirmed by
molecular tools as ligation-mediated polymerase chain reaction and in situ terminal
deoxynucleotidyl transferase mediated dUTP nick end-labeling at light and electron
transmission level [19]. However, it must be stressed that a convincing demonstration of
an unequivocal pathway for direct mode of filarial killing by DEC has yet to be made,
since the survival of microfilariae in serous cavities can be best explained by a mode of
action in which helminthotoxic elements of the innate immune arm take part [20].

Pharmacological studies showed that DEC interferes with the arachidonic acid
metabolism, acting as an anti-inflammatory drug. There are substantial information that
DEC blocks a number of steps in both cyclooxygenase (COX) and lipoxygenase
pathways, including inhibition of leucocyte chemotaxis, granulocyte degranulation, and
peripheral vasodilation [21].

Filarial parasites also synthesize and release prostanoids, particularly
prostacyclin and PGE2, which are vasodilators and potent platelet anti-aggregatory
factors [22, 23, 24, 25, 26]. Further, it was also reported that DEC is a potent inhibitor
of prostaglandin H synthase (cyclooxygenases), which is the first and rate-limiting
enzyme in the transformation of polyunsatured fatty acids into prostaglandins, in filarial
parasites [27]. Thereby, these data suggest that the mechanism by which DEC lowers
the level of microfilariae in the circulation may in part involve its effects on host
endothelial and parasite eicosanoid production.

In 2009, Rathaur et al. [15] showed that Setaria cervi, a bovine filarial parasite
contains significant amounts of prostaglandin H synthase like enzyme (Sc-like-PGHS).

They also provided experimental evidence that DEC, indomethacin and aspirin inhibit
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Sc-like-PGHS at very lower concentrations, and hypothesized that microfilaricidal
activity of DEC may partially depend on the inhibition of the parasitic PGHS.

Some studies demonstrated that nitric oxide (NO) plays an important role in host
defense against filarial parasites in vitro [28, 29], but no evidence was found that DEC
itself induces NO synthesis in murine macrophages and rat endothelial cells in vitro
[30]. However, McGarry et al. [31] confirmed a lack of activity of DEC in mice
deficient in iINOS infected with B. malayi, in addition to a reduced loss of COX-1
protein in peritoneal exudate cells. According to these authors, it seems that inducible
NO is essential for rapid sequestration of microfilariae, and DEC probably stimulates its
secretion via interaction with cyclooxygenase pathways. Recently, Sing and Rathaur
[32] demonstrated that the exposure in vitro of the filarial parasite Setaria cervi to the
combination of DEC plus aspirin at 100uM decreased PGHS activity leading to increase
in NO level. By its turn, NO caused inhibition of tyrosine phosphatases, increasing the
mitochondrial permeability through Bax, which allows cytocrome c to release in cytosol
and activate caspases. Also, DNA fragmentation and ladder formation confirmed that
adult worms Setaria cervi were killed by apoptosis. However, these effects were not
observed when the worms were incubated with to aspirin or DEC alone.

In conclusion, taking into account the data obtained until now, is possible to
suggest a direct mode of action of DEC on filarial worms mediated by the inhibition of
cyclooxygenase pathways (PGHS) and consequent elevation of NO, which in high
concentration, is a known inductor of mitochondrial-mediated apoptosis.

2. DEC acts as an inhibitor of synthesis and secretory pathways

DEC seems to inhibit synthesis and excretory activities in some cells. Ridge et

al. [33] showed that macrophages in culture synthesize and secrete a soluble factor(s)

that induces the synthesis of collagenase in primary cultures of rabbit chondrocytes.
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Since macrophages are often present in inflammatory sites this would provide a possible
mechanism of local connective tissue destruction. Other studies indicated that a
lipooxygenase pathway of arachidonic metabolism is critical in activating various types
of cells. Incubation of chondrocytes with MCM (Macrophage Conditioned Medium)
and low doses of indomethacin (1-10 microM) had no effect on collagenase synthesis.
However, the use of lipoxygenase inhibitors as NDGA (a nonspecific inhibitor) and
DEC inhibited the synthesis of collagenase in chondrocytes. These inhibitors did not
affect collagenase activity nor did they interfere with the activation of latent
collagenase. These data indicated that although cyclooxygenase plays no role in the
MCM dependent induction of collagenase in chondrocytes, lipoxygenase activity may
be essential [34].

Similarly, in 1985, Stevens et al. [35] performed biochemical and morphological
studies and demonstrated that DEC inhibited the synthesis and exocytosis of
proteoglycan in rat chondrocytes. Treatment of chondrosarcoma chondrocytes with
DEC altered the transport of molecules from the reticulum to the Golgi apparatus and
the transport of molecules from the Golgi to the cell surface. After treatment with DEC,
chondrocytes presented large vacuoles and a distended Golgi apparatus. Upon removal
of DEC, the vacuoles disappeared and distended organelles returned to their normal
appearance, coincident with the start of exocytosis of S-proteoglycan and 3-D-xyloside-
bound *S-glycosaminoglycan. Other studies confirmed that DEC disturbs the traffic of
vesicles to and from the Golgi apparatus. Spiro et al. [36] demonstrated that DEC
altered the vesicular transport from the endoplasmic reticulum to the Golgi, and from
the Golgi to the plasma membrane inhibiting the surface expression of a melanoma
associated chondroitin sulfate proteoglycan. In fetal mouse cerebellar neurons in culture

DEC induced a complete disorganization of the Golgi apparatus and the appearance of
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large vacuoles within the cytoplasm, suggesting that the various synthetic and secretory
activities involving these organelles are impaired [37].

According to Fujimak et al. [38] studied the effect of DEC on microtubules by
using microtubule protein prepared from porcine brain. DEC inhibited assembly of
microtubules and disassembled preformed microtubules in vitro. DEC also inhibited the
proliferation of LLC-MK2, and cells grown in the presence of DEC were likely to
separate from each other and became round in shape. Immunofluorescence microscopy
revealed that LLC-MK2 exposed to DEC were devoid of the delicate pattern of the
cytoplasmic microtubule complex. Although these studies revealed an interesting
activity of DEC as a possible inhibitor of some secretory pathways, we must be account
that those were obtained with different kinds of cell lineages and drug concentrations.

Further studies in vivo and/or ex vivo are necessary to confirm these observations.

3. DEC has an immunomodulatory activity

Different animal models and experimental approaches have been used for the
assessment of DEC as a potential immunomodulator. Kitchen [39] related an
immunomodulation effect of diethylcarbamazine on cats given feline leukaemia virus
vaccine. Oral diethylcarbamazine when given with a retroviral vaccine, increased titres
and duration of serum antibodies and 10-fold increased the peripheral monocyte counts
in treated-vaccinated cats when compared to cats that received vaccine without
diethylcarbamazine. Since macrophages are derived from monocytes and process novel
antigens and thus are key cells for both humoral and cellular immune function, the
described increased monocyte counts may signal increased immunity to vaccine
antigens. Lately, Kitchen and Cotter [40] and Kitchen et al. [41] confirmed and extend

these previous observations, demonstrating that treatment with DEC was associated
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with decreased levels of circulating virus and prevented or delayed to develop
lymphopenia in feline leukemia virus-infected cats.

Using another line of investigation, Medina De La Garza et al. [42] described an
enhancing effect of DEC on eosinophils adherence to larvae of Onchocerca volvulus
only in the presence of immune serum, but not in the presence of normal serum,
indicating a possible involvement of DEC in modulation of effector cells. In a recent
study, Medina De La Garza [43] demonstrated that DEC exerts a dose-dependent
immunomodulatory effect. These authors evaluated the effect of DEC (50 and 500
mg/day) on antibody production, cytokine response and respiratory burst in BALB/c
mice challenged with a thymus-dependent antigen (tetanus toxoid) and with a thymus-
independent antigen (lipopolysaccharide). These authors concluded that DEC treatment
enhanced antibody production in tetanus toxoid immunized mice, and cytokine response
in LPS immunized animals. Also, the higher dose of DEC (500mg) induced respiratory
burst of polymorphonuclear leucocytes and monocytes. According to these authors,
DEC could act directly as potential immunomodulator or adjuvant for use in the

treatment of human diseases.

4. DEC acts as specific lipoxygenase pathway inhibitor

Diethylcarbamazine is also of interest of other therapeutic role, as an anti-
inflammatory drug for asthmatic conditions. In 1965, Salazar Mallén [44] reported very
promising results in a preliminary trial with DEC in 14 out of 15 patients with
intractable asthma without tropical eosinophilia. In 1970, Benner et al. [45] performed a
double-blind study carried out in 18 patients with perennial asthma and did not find any
significant differences between groups. In contrast, Srinivas and Antani [46] found that

DEC was quite effective in the symptomatic treatment of 40 patients randomly selected
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with an acute attack of bronchial asthma, reducing the amount of corticosteroids some
of the patients had been taking and in some cases eliminating it altogether. Confirming
this later study, Thiruvengadam et al. [47] conducted a double-blind in 50 patients with
intractable bronchial asthma and concluded that DEC may be used in symptomatic relief
and it could be a worthwhile addition to the armamentarium of drugs used in this
disorder, if not entirely capable by itself of giving total symptom relief.

DEC like other drugs which inhibit antigen-induced mediator release in vitro
such as sodium cromoglycate [48], and the beta-adrenoceptor agonists [49] prevents
exercise induced-asthma in a significant proportion of asthmatic patients [50, 51, 52,
53]. Gonzélez et al. [54] examined the pharmacological activity of this drug in several
in vivo and in vitro models of experimental anaphylaxis. They stated that DEC at doses
of 25 and 50 mg/kg given intraperitoneally significantly reduced the mortality rate in
sensitized guinea pigs during protracted shock phase.

Lung ultrastructural studies demonstrated that after 12 days of treatment of mice
with DEC induced significant alterations on type Il pneumocytes and a substantially
greater number of mature surfactant secretion vesicles, confirming that DEC exerts a
role in the activation of important pulmonary cellular pathways, which are probably
related to the clinical improvement of asthma symptoms after DEC treatment [55].

Leukotrienes (LTs), including cysteinyl LTs (CysLTs; these include LTC4,
LTD4 and LTE4) and LTB4, are potent lipid mediators that have an important
pathophysiological role in asthma and allergic rhinitis. LTs are potent lipid mediators
derived from arachidonic acid through the 5-lipoxygenase (5-LO) pathway [56].
Initially, Orange et al. [57] demonstrated that DEC inhibits the release of slow-reacting
substance of anaphylaxis (SRS-A) in the rat, before it was showed to be a mixture of

cysteinyl-leukotrienes (CysLT). In 1982, Mathews and Murphy [6] demonstrated that
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DEC inhibits the formation of LTB4 and cysteinyl-leukotrienes in mastocytoma cells
while actually stimulating the formation of 5-hydroxyeicosatetraenoic acid (5-HETE),
suggesting that the site of action of DEC in inhibiting leukotrienes formation may be the
leukotrienes A, synthetase reaction. Similarly, results were obtained by Bach and
Brashler [58] in rat basophil leukemia cells.

Under the experimental conditions DEC also attenuated the formation of
LTC4 when macrophages were incubated with LPS, and prevented the cellular
activation (enhanced phagocytosis) [59]. Histamine and serotonin are important
mediators in the initiation and development of antigen-induced immediate asthmatic
responses including air-way smooth muscle contraction and microvascular leakage. In
2001, Nomura et al. [60] demonstrated that in response to histamine and serotonin
alveolar macrophages release chemotactic factors for inflammatory cells in vitro, which
could be mainly attributed to LTB4. As other lipooxigenase inhibitors used in that
study, DEC induced a significant decrease of the release of chemotatic factors from
alveolar macrophages.

In an elegant study Stenmark et al. [61] tested the hypothesis that the
monocrotaline would activate the acid arachidonic metabolism in rats, playing a role in
the hypertensive monocrotaline injury. After 3 weeks of monocrotaline administration
they found 6-ketoprostaglandin F;,, leukotrienes C4, and thromboxane B, in lung
lavages. Also, lung extracts contained CysCLs, including leukotriene D, DEC
administration reduced the numbers and activity of inflammatory cells, blocked
pulmonary hypertension, prevented right ventricular hypertrophy, and inhibited the
CysCL production.

Similarly, Farber et al. [62] studying pulmonary hypertensive response to

foreign body microemboli measured pulmonary hemodynamics and accumulation of
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arachidonic acid metabolites in dogs during the infusion of indomethacin, as
cyclooxygenase inhibitor, DEC as lipoxygenase inhibitor, and FPL 55712, a receptor
antagonist for leukotriene C4/D4, and concluded that only DEC was effective in
blocking the pulmonary hypertension.

Semb et al. [63] analyzing the role of leukotrienes in functional depression of
isolated rat hearts demonstrated that DEC significantly inhibited the cardiodepressive
effects of oxygen free radicals produced by activated polymorphonuclear granulocytes.
In 2004, Zuo et al. [64] using DEC as specific 5-LOX blocker also demonstrated that
DEC reduces significantly the release of superoxide anion radical in skeletal muscle.

Several other studies have utilized DEC as a specific leukotriene inhibitor, such
as in acute allergic bronchoconstriction [65], hypoxia pulmonary vasoconstriction [66],
acute intestinal inflammation [67], ethanol-injury to the gastric mucosa [68] ,
pathogenesis studies of bowel necrosis [69], and in experimental trauma-sepsis in rats
by intravenous infusion of live E. coli [70].

More recently, Queto et al. [71] using OVA-sensitized BALB/c mice by airway
demonstrated that DEC effectively prevented the effects of the subsequent challenges,
such as airway resistance, Th1l/Th2 cytokine production, pulmonary eosinophil
accumulation and suppressed eosinophilopoiesis in vivo and ex vivo.

Is interesting to note that treatment with DEC of acute Tropical Pulmonary
Eosinophilia (TPE), an interstitial lung disease that results from a heightened
immunologic response to the human filarial parasites, Wuchereria bancrofti and Brugia
malayi, leads to a marked rapid reduction of the eosinophilic alveolitis, decrease of
peripheral blood eosinophilia and a concomitant increase in lung function. These

observations are consistent with the concept that at least some of the abnormalities
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found in the lung in acute TPE are mediated by an eosinophil-dominated inflammatory

process in the lower respiratory tract [72, 73, 74].

5. DEC acts as cyclooxygenase pathway inhibitor

Although DEC is often designed as specific lipoxygenase inhibitor, several
studies have demonstrated that this drug acts has also block some enzymatic steps of the
cyclooxygenases pathways. Hagmann et al. [75] demonstrated that DEC blocked the
lethal action of endotoxin in mice sensitized against lipopolysaccharide, and concluded
that this effect was related to a lipoxygenase and cyclooxygenase inhibitor dual role of
DEC. Other studies showed that DEC inhibited PGD2 and histamine release from
purified human lung mast cells, indicating that this drug is responsible for
pharmacologic modulation of arachidonic acid metabolites [76].

Piper and Stewart [77] studying the coronary vasoconstriction in the rat induced
by platelet-activating factor, demonstrated that DEC (7.7mM) besides acting as
lipoxygenase inhibitor, markedly attenuated the release of cyclooxygenase products as
6-keto-prostaglandin F1, (6-keto-PGF1,), PGF,,, PGE, and thromboxane B, (TXB,).
Similarly, DEC exerts inhibition of the PGI2, 12-HETE, and 15-HETE synthesis in
human endothelial cells [78]. In agreement with these previous results, EI Tahir et al.
[79] demonstrated that DEC has inherent property to inhibit the synthesis of the potent
vasodilator, platelet antiaggregatory, anticonvulsant and antiinflammatory mediator
PGI2 in thoracic aorta of rats, probably by interfering with the action of the PG
endoperoxide synthase (PG cyclooxygenase).

The molecular cross-talk between INOS and COX may regulate tissue
homeostasis and contribute to pathophysiological processes. Some works had

previously shown that there is a strict dependence of COX-2 up-regulation of iINOS [80,
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81, 82, 83]. Further studies demonstrated that NF-kB activation is essential for iNOS-
dependent upregulation of COX-2 [84].

McGarry et al. [31] observed that iINOS and COX pathways are essentials for
DEC activity in vivo. These authors showed that DEC was ineffective in Brugia malayi
infected mice lacking iINOS and also reduced the amount of the host's COX-1.
Interestingly, Queto et al. [71] besides demonstrating that DEC has an efficient action as
a leukotriene inhibitor in OVA-sensitized BALB/c mice model, reported that DEC had
no effect on Th1/Th2 cytokine production, pulmonary eosinophil accumulation and
eosinophilopoiesis suppress in CD95L-deficient gld mice, the ligand for apoptosis-
inducing receptor CD95L (Fas), and in mice lacking iNOS activity. These results
confirmed that DEC can possibly acts as an inductor of apoptosis as previously
demonstrated by ultrastructural and molecular studies on microfilariae of W. Bancrofti
[19].

Few studies focused the role of DEC in the pathophysiology of inflammatory
conditions. According to Gonzalez et al. [85], rats with hepatic inflammation induced
by CCl4 had an evident reduction of morphological damage after DEC treatment at 25
and 50 mg/kg, presenting well-preserved organelles and hepatic membrane system.
Using the same doses, Rocha et al. [86] prevented the hepatic lipid accumulation and
the damage caused by malnutrition after treatment of malnourished mice with DEC.

Recently a study performed in our laboratory analyzed the anti-inflammatory
effect of DEC on hepatic cells of alcoholic mice. The DEC-treated group, which
received 50 mg/kg for 12 day (a dose equivalent to 6mg/kg given to human preconized
by OMS) reduced significantly several parameters of chronic hepatic inflammation, as
steatosis, necrosis and foci of inflammatory infiltrates, serum AST levels and

inflammatory markers as malondialdehyde (MDA), NF-kB, tumor necrosis factor-o
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(TNF-0), interleukin-6 (IL-6), vascular cell adhesion molecule-1 (VCAM-1) and
intercellular cell adhesion molecule (ICAM-1), monocyte chemotactic peptide-1 (MCP-
1) and its functional receptor C2 chemokine receptor (CCR2), and inducible nitric oxide
synthase (iNOS) in hepatic tissue [87].

Similar results were obtained in our laboratory using another experimental
model. We evaluated the anti-inflammatory activity of DEC in a mouse model of acute
lung inflammation (carrageenan-induced pleurisy). The injection of carrageenan into the
pleural cavity induced the accumulation of fluid containing a large number of
polymorphonuclear cells (PMNSs) as well as infiltration of PMNs in lung tissues and
increased production of nitrite, tumor necrosis factor-a (TNF-a), increased expression
of interleukin-1p (IL-1P), cyclooxygenase (COX-2), inducible nitric oxide synthase
(iNOS) and nuclear transcription factor kappa B (NFxB). The oral administration of
DEC (50 mg/Kg) three days prior to the carrageenan challenge led to a significant
reduction in all inflammation markers (unpublished works). There is ample evidence in
carrageenan and other models of inflammation that the enhanced formation of
prostanoids following the induction of COX-2 contributes to the pathophysiology of
local inflammation [88, 89] and that selective inhibitors of COX-2 exert potent anti-
inflammatory effects.

Is important to note that besides inhibiting lipoxygenases and cyclooxygenases
DEC can also blocks the NFkB activation (Figure 1). Experimental evidence have
clearly suggested that NFxB plays a central role in the regulation of many genes
responsible for the generation of mediators or proteins in acute lung inflammation
associated with carrageenan administration such us TNF-a, IL-1p, nitric oxide synthase
inducible (iNOS) and COX-2. Therefore, the inhibition of the liberation of TNF-a and

IL-1B by DEC could be attributed to the inhibitory effects of the activation of NF«kB.
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Further studies are in development towards better understanding of the biochemical

mechanisms that underlie the poorly understood actions of this drug.
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Fig 1. Schematic diagram showing the hypothetic involvement of DEC on inflammatory
pathways. DEC can inhibit directly cyclooxigenases (COX-1, COX-2) enzymatic
activity or can indirectly down-regulate COX expression by inhibiting the nuclear
transcription factor NFkB. Inhibition of lipoxigenase pathway blockage LTB4 and
cystenil-leukotrienes synthesis. Enzymes are named in italics. Dashed lines indicate
inhibitory activity of DEC. Numbers indicate related references: (1) Kanesa-thasan et
al., 1991; (2) Razin et al., 1984; Mathews and Murphy, 1982; (3) Rocha et al., 2010
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APENDICE 1: RESULTADOS ADICIONAIS — ARTIGO 3

INTRODUCAO

O metabolismo do etanol ocorre primariamente no figado e a consequéncia do
etanol na funcdo hepatica pode ser dependente e/ou independente do metabolismo do
etanol pelos hepatdcitos (NAGY, 2004). A injuria hepética € um processo complexo
envolvendo células parenquimatosas e ndo parenquimatosas residentes no figado, assim
como o recrutamento de outros tipos celulares em resposta ao dano e a inflamacéo
(GRESSNER & BACHEN, 1995). A progressao do dano hepético é caracterizada,
inicialmente, pela esteatose, seguida de inflamag&o, necrose e apoptose, fibrose e em
alguns individuos, pela fibrose (TILG & DIEHL, 2000).

O consumo do alcool regula de forma direta ou indireta 0 metabolismo lipidico
por aumentar a expressdo de genes envolvidos na sintese de acidos graxos e suprimir
genes relacionados com a oxidacdo lipidica, resultando em esteatose hepaética
(MANDREKAR, 2007). A regulacdo da sintese e oxidacdo de é&cidos graxos &
complexa, envolvendo multiplos sistemas enzimaticos em diferentes locais dos
hepatocitos. Entretanto, a expressdo de muitos genes envolvidos no metabolismo de
acidos graxos é coordenada e responde a estimulos de fatores de transcricao especificos
(SMITH, 2002).

Um desses fatores de transcricdo é o receptor ativado por proliferadores de
peroxissomos alfa (PPAR-a), um receptor nuclear hormonal que controla a transcri¢cao
de genes envolvidos no transporte e oxidacdo dos acidos graxos (YU et al., 2003;
WAGNER et al.,, 2011). O acetaldeido, metabdlito do etanol, inibi diretamente a
ativacdo transcricional e a habilidade de ligacdo ao DNA do PPARa nos hepatocitos
(GALLI et al., 2001). O alcoolismo também pode, indiretamente, inibir o PPARa por
aumentar a regulacdo do citocromo P450 2E1 derivado do estresse oxidativo (LU et al.,
2008) ou por diminuir a regulacdo de adiponectina e zinco, que ativam o PPARa (YOU
et al., 2005; KANG et al., 2009).

Além de atuar no PPARa 0 metabolismo do etanol também pode ativar o
receptor ativado por proliferadores de peroxissomos gama (PPARy). O PPARy é
expresso em macréfagos e estd implicado na resposta imune inata (DAYNES &
JONES, 2002). Sua expressdo estd aumentada durante o desenvolvimento da esteatose
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hepéatica em resposta a dieta com alto teor lipidico, obesidade e exposi¢do crénica ao
etanol (VIDAL-PUIG et al., 1996; MEMON et al., 2000; RAHIMIAN et al., 2001;
BOELSTERLI & BEDOUCHA, 2002;). Durante a exposicdo ao alcool, a expressao do
PPARYy foi observada nas células de Kupffer e nos hepatocitos (BOELSTERLI &
BEDOUCHA, 2002) e o tratamento com agonista do PPARy preveniu o
desenvolvimento da esteatose e da inflamagdo (ENOMOTO et al., 2003).

OBJETIVO:

Avaliar os efeitos do tratamento da DEC em modelo de alcoolismo crénico na
homeostase lipidica através de marcadores como o MDA, PPARa e por dosagem
hepéatica de triglicerideos, assim como, analisar a ativacdo de outros fatores de

transcricdo como o0 PPARY.

RESULTADOS PRELIMINARES

Efeitos da DEC na homeostase lipidica

O Malondialdeido (MDA) é um produto da peroxidacdo lipidica que atua na
modulacdo da resposta inflamatdria hepatica. O consumo de alcool produz danos
hepaticos graves que sdo indicados pelo aumento de MDA. A himunohistoquimica
mostrou uma grande marcacdo de MDA no grupo alcodlico (Fig. 1A). No grupo
EtOH50 esse marcador apresenta-se significativamente diminuido (Fig. 1B).

O consumo do alcool também inibe a oxidacao de acidos graxos nos hepatocitos
via inativacdo do PPAR-a. O grupo EtOH mostrou uma diminuicdo da expresséo de
PPAR-a (Fig. 1C e 2A). Apés o tratamento com DEC (EtOH50), observou-se um
aumento significativo da expressdo de PPAR-a (Fig. 1D e Fig. 2A).

Efeitos da DEC na ativacdo do PPAR-y
A expressdo do PPAR-y esta aumentada durante o desenvolvimento da esteatose

hepatica. O consumo de etanol aumentou expressdo de PPAR-y (Fig. 1E e 2B). Apés o
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tratamento com DEC observou-se uma diminuicdo significativa da expressdo desse
fator de transcricdo (Fig. 1F e 2B).
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Figura 1. Imunohistoquimica do figado. Grupo alcodlico (EtOH): (A) MDA, (C)
PPARa e (E) PPARy. Grupo alcodlico tratado com DEC (EtOH50): (B) MDA, (D)
PPARa e (F) PPARY. Intensa marcacgao nos hepatdcitos para MDA e PPARYy no grupo
EtOH. Apds o tratamento com DEC foi observada uma reducdo da marcacdo. O grupo
EtOH apresentou baixa expressao de PPARa, enquanto os animais tratados com DEC
apresentaram uma alta expressdo desse receptor. n= 5 animais para cada grupo. *P <
0.05, **P<0.01.
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Fig 2. Westen blot. Os extratos hepaticos foram utilizados para analisar a expresséo de
PPAR-a (A) e PPAR-y (B). O consumo de etanol aumentou a expressdo de PPAR-y e
diminuiu a expressdo de PPAR-a. # p <0.05, grupo EtOH comparado com 0 grupo
controle. * p <0.05, grupo EtOH50 comparado com o grupo EtOH. Os resultados foram
obtidos de ensaio em triplicata (n= 4 animais para cada grupo).

CONCLUSAO PRELIMINAR

Estes resultados sugerem que possivelmente a DEC diminui o desenvolvimento da
esteatose e da inflamacdo hepatica por atuar em fatores de transcricdo especificos como
0 PPARa e 0 PPARy que controlam o metabolismo de acidos graxos e a resposta

imune inata.
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CONCLUSAO

No presente estudo a DEC se mostrou altamente efetiva na prevencdo da ALD
experimental. Além de prevenir o dano hepatico induzido pelo alcool, a DEC reduziu a
peroxidacdo lipidica e a ativacdo do NF-xB por estabilizar a degradacdo da IkBa e,

também, por reduzir a expressao de citocinas pro-inflamatérias, INOS e COX-2.
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BAbstract: Induction of NF-kB-mediated gene expression has been identified
in the pathogenesis of alccholic liver disease RLD). Diethylcarbamazins
(DEC) is a piperazine derivative drug with anti-inflammatory properties.
The pressnt study was designed to svaluate the effect of DEC on NF-xB
pathways undergoing alcoholism induced hepatic inflammation. Forty male
C5T7BL/6 mice were divided equally into four groups: control group (C);
DEC- treated group, which received 50 mg/kg (DEC50); the alcoholic group
(ELOH), submitted to chronic alcochol consumption and the alcchol-LDEC
treated group (BtOHS50), submitted to chronic alcoholism consumption plus
DEC treatment. Histological analysis of the alccoholic group showsd
evident hepatocellular damage which was reduced in the EtOHS0 group.
Immunchistochemistry and western blot results showsd elevated expression
of inflammatory markers such as MDA, TNF-o, IL-1p, COX-2 and iNOS in
hepatocytes of the EtOH group. Howsver, low immunopositivity for these
markers was detected following DEC treatment. In the ELOH group the
activation of NF-xB was observed by an increase in the expression of both
NF-xB and pNF-xB in hepatocytes. This expression was significantly
reduced in the EtOH50 livers. Protein expression of IkBo was msasured to
determine whether activation of NF-xB might be the result of IxBo
degradation. It was observed that sxpression of this enzyme was low in
the EtOH group, while animals treated with DEC had a high expression of
IxBo. The results of the present study indicate that DEC alleviates
alcoholic liver injury, in part by the inhibiting activation of NF-xB and
by suppressing the induction of NF-xB-dependent genes.
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DESCRIPTION

The European Journal of Pharmaceology publishes research papers covering all aspects of
experimental pharmacology with focus on the mechanism of action of chemicals in biological
systems.

The scope includes: Behavioural pharmacology Neuropharmacology and analgesia
Cardiovascular pharmacology Pulmonary, gastrointestinal and urogenital pharmacology
Endocrine pharmacology Immunopharmacology and inflammation Molecular and cellular
pharmacology

The journal publishes full-length papers, short reviews (not exceeding 12 pages) and perspectives
(by invitation only), intended to debate recent advances in rapidly developing fields.

The table of contents for this journal is now available pre-publication, via e-mail, as part of the free
ContentsDirect service from Elsevier. Please send an e-mail message to cdhelp@elsevier.co.uk for
further information about this service.

Benefits to authors

We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services .

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our support pages: http://support.elsevier.com
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AUDIENCE

Pharmacologists, Toxicologists, Neuroscientists, Molecular Biologists, Medicinal Chemists

IMPACT FACTOR

2011: 2.516 © Thomson Reuters Journal Citation Reports 2012
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GUIDE FOR AUTHORS

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.

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

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

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.

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. See
also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict of
Interest form can be found at: http://elseviert.custhelp.com/app/answers/detail/a_id/286/p/7923/.

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 http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly hy the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
including electronically in the same form, in English or in any other language, without the written
consent of the copyright-holder.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should he added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, 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 added or removed. Requests that are not sent hy
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.
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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 WehShop http://webshop.elsevier.com/languageediting/ or visit our customer support site
http://support.elsevier.com for more information.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Please make sure to adhere to the following word limits:

Abstract: max. 250 words
Introduction: max. 500 words
Discussion: max. 1500 words

PREPARATION

It is important that the file be saved in the native format of the wordprocessor 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 use the wordprocessor'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: http://www.elsevier.com/guidepublication). 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 wordprocessor.

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 he
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.
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Results
Results should be clear and concise.

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.

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.

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

« Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. 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 phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be 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.

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 uncommeon abbreviations should
be avoided, hut 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 he readable on
screen at a size of 200 x 500 pixels (at 96 dpi 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.

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.

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.
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Receptor abbreviations. Receptor abbreviations such as BAR, mAChR, BZR for f-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 y-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(c-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 ahstract
and in the text.

Authors not conforming to these demands will have their manuscripts returned for correction, with
delayed publication as the result.

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.qg., providing language help, writing assistance
or proof reading the article, etc.).

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 wvarious 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 sterecisomers 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 sterecisomers.
The nomenclature of 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 qguoted the first time an enzyme is mentioned.

Elsevier encourages authors to connect articles with external databases, giving their readers one-
click access to relevant databases that help to build a better understanding of the described research.
Please refer to relevant datahase identifiers using the following format in your article: Database: xxxx
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking
for more information and a full list of supported databases.

Present simple formulae in the line of 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 he 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).
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Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors huild footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Flectronic 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 printed version.

» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

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, 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 helow):

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.q., 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 on the Web (e.qg., 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 on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

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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Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
describhed elsewhere in the article.

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 he 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.

Web references

As a minimum, the full URL should be given and the date when the reference was last 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.

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

This journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described helow.

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 he listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al.
(2000) have recently shown ...."

List: Authors are responsible for the accuracy and completeness of their references as these will not
be checked by the editorial office. References should be listed alphabetically (see sample references).
Articles written by the same first author with different second authors should be listed according to
the first author's surname and then according to the second author's surname. Articles written by the
same first author with more than one co-author should be listed alphabetically according to the first
author's surname and then according to the year of publication. Two or more references to the same
first author with the same publication year should have a, b, c etc. suffixed to the year indicating the
alphabetical order of the second or third author, etc.

References to hooks should include the title and name and city of the publisher. References in the
text should be cited by the author's name(s) and the year of publication. Examples: De Groat (1990)
or Downie and Larsson (1990) and (De Groat, 1990; Downie and Larsson, 1990; Stoof and Kebabian,
1984). For three or more authors the name of the first author followed by et al. should be used.
Examples: Hicks et al. (1988) and (Hicks et al., 1988, 1989; Seeman et al., 1990, 1991a,b,c).

Sample references Periodicals:

Barnes, P.1., Karin, M., 1997. Nuclear factor-k [ -a pivotal transcription factor in chronic inflammatory
diseases. N. Engl. J. Med 336, 1066 -1071. Paivio, A., Jansen, B., Becker, L.]., 1975. Comparisons
through the mind's eye. Cognition 37, 635-647.

Books:
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Strunk, W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York, NY. Gurman,
A.S., Kniskern, D.P.,, 1981, Family therapy outcome research: knowns and unknowns. In: Gurman,
A.S., Kniskern, D.P. (Eds.), Handbook of Family Therapy. Brunner/Maazel, New York, NY, pp. 742-775.

Order of references:

De Groat, W., 1990.

Maggi, C.A., 1988.

Magqgi, C.A., Lecci, A., 1987

Maggi, C.A., Meli, A., 1986

Maggi, C.A., Santicoli, P., Meli, A., 1984.

Magi, C.A., Giuliani, S., Patacchini, R., Rovero, P., Giachetti, A., Meli, A., 1989a.
Maggi, C.A., Patacchini, R., Rovero, P., Giachetti, A., Meli, A., 1989b.

Maggi, C.A., Guiliani, S., Patacchini, R., Santicoli, P., Giachetti, A., Meli, A., 1990
Monsma Ir., F.1., 1989

Van der Giessen, A., 1990,

Journal abbreviations source

Journal names should be abbreviated according to:

List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php; NLM Catalog
(Journals referenced in the NCBI Databases): http://www.nchi.nlm.nih.gov/nlmcatalog/journals;
CAS (Chemical Abstracts Service): via http://www.cas.org/content/references/corejournals.

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 he 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 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
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 at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for hoth the electronic and the print version
for the portions of the article that refer to this content.

Elsevier accepts electronic supplementary material to 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. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.
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

* Phone numbers

All necessary files have heen uploaded, and contain:

* Keywords

« All figure captions

* All tables (including title, description, footnotes)
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ANEXO D: COMPROVACAO SUBMISSAO ARTIGO 2

Drugs

ANTI-INFLAMMATORY EFFECTS OF DIETHYLCARBAMAZINE: A REVIEW
--Manuscript Draft--

Manuscript Number:

Full Title: ANTI-INFLAMMATORY EFFECTS OF DIETHYLCARBAMAZINE: A REVIEW

Article Type: Review Article

Abstract: Diethylcarbamazine (DEC) is a well-known drug used throughout the world against
lymphatic filariasis. However, along the last years, innumerous studies indicated other
impressive pharmacological activities of DEC. Some preliminary clinical studies have
stated that DEC was quite effective in asthmatic conditions, and various experimental
studies used DEC as a potent leukotriene inhibitor. Nowadays, is well-established that
DEC interferes with the cyclooxygenase pathways, reducing thromboxane, prostacyclin
and prostaglandin production. Recent studies using different experimental models of
inflammation indicated that DEC, besides inhibiting cyclooxygenases and
lipoxygenases pathways, can also inhibit the nuclear transcription factor kappa B (NF-
kB) activation, which is a key regulator of proinflammatory genes such us TNF-a, IL-1pB,
nitric oxide synthase inducible (INOS) and even cyclooxygenase 2 (COX-2). This
review will provide a comprehensive summary of DEC, including information on
filaricidal action, inhibition of synthesis and secretory pathways, immunomodulatory
activities, and specific inhibition of lipoxygenase and cyclooxygenase pathways.

Cormresponding Author: Christina Alves Peixoto, PhD
Fundagdo Oswaldo Cruz
Recife, Pemambuco BRAZIL

Corresponding Author Secondary

Information:

Corresponding Author's Institution: Fundagdo Oswaldo Cruz

Corresponding Author's Secondary

Institution:

First Author: Christina Alves Peixoto, PhD

First Author Secondary Information:

Order of Authors: Christina Alves Peixoto, PhD
Bruna Santos Silva, Ms

Order of Authors Secondary Information:

Author Comments: Dear Editor,

We are pleased to submit to the Drugs journal the manuscript entitled ANTI-
INFLAMMATORY EFFECTS OF DIETHYLCARBAMAZINE: A REVIEW.
Diethylcarbamazine (DEC) has been used successfully as a principal public health tool
to eliminate lymphatic filariasis in several countries throughout the world, however its
mechanism of action remains controversial. Pharmacological studies have showed that
DEC interferes with the arachidonic acid metabolism, acting as an anti-inflammatory
drug. There is substantial information to suggest that DEC blocks a number of steps in
both cyclooxigenase (COX) and lipoxigenase pathways, including inhibition of
leucocyte chemotaxis, granulocyte degranulation, and peripheral vasodilation.
Recently, some studies demonstrated that DEC can also inhibit the NF-xkB activation.
This review will provide a comprehensive summary of DEC, including information on
filaricidal action, inhibition of synthesis and secretory pathways, immunomodulatory
activities, and specific inhibition of lipoxygenase and cyclooxygenase pathways.

Sincerely,
Christina Peixoto

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



ANEXO E: NORMAS DA REVISTA ARTIGO 2

@ Springer

134

wwws pringer.ce

| Drugs — incl. option to publish open access

Drugs

Editor: D. Peters

ISSN: 0012-6667 (print version)
ISSN: 1179-1950 (electronic version)

Journal no. 40265

Instructions for Authors

Instructions for Authors

TYPES OF PAPERS
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captions.

* Review Article. Word count up to 10,000. Provides an authoritative, balanced,

comprehensive, fully referenced and critical review of the literature.

- Current Opinion. Word count 1500 to 3000. Places an area in perspective given

thatitis of current international interest and a consensus has not yet been
reached; therefore, the arguments presented may be controversial, but atthe
same time must be balanced and rational.

- Leading Article. Word countup fo 4000. Provides a short, balanced overvew of the

current state of development of an emerging area.

+ Therapy in Practice. Word count up to 5000. Provides a succinct, clinically

orientated guide to the optimum management of the disease/disorder/situation
which highlights practical, clinically relevant considerations and
recommendations, rather than those of theoretical or academic interest. May
include management 'flow charts’ or treatment protocols where appropriate.

+ Systematic Review. Word countup to 10,000. Collates all empirical evidence that

fits pre-specified eligibility criteria to answer a specific research question. It uses
explicit, systematic methods that are selected with a view to minimizing bias, thus
providing reliable findings from which conclusions can be drawn and decisions
made. Please refer to Integrity of Research and Reporting below for more
information on original research reporting requirements.

Qriginal Research Article. The Journal will consider high-quality studies that focus



on the clinical aspects of drug treatment, and those with a strong link to clinical
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& Letter to the Editor. Word countup to 1000. Comment on an article published
recently in the journal; a response to the comments would normally be sought
from the authors of the onginal article and published in the same issue, where
possible

 Editonal/Commentary. Word count up to 1500. A brief opinion piece on a current
topic of high interest.

EDITORIAL PROCEDURE

Internal Review by Ediforial Staff. The journal editor will perform an initial appraisal of each
manuscript. If your paper has been peer revewed by another journal as part of a prior
submission, the journal editor will also assess any previous editonalfreferee comments and
how these have been dealt with as part of the appraisal process.

External Peer Review: You will be notified as to whether your paper is progressing to external
review, within 1 to 2 weeks of our acknowledgement of receipt. Peer reviewer identities are
kept confidential, but author identities are known to the reviewers. Peer reviewers are asked to
disclose potential conflicts of interests that may affect their ability to prowde an unbiased
review of an article. The majonty of manuscrpts will require some degree of revision following
peer review before they can be accepted for publication. The final decision on acceptability for
publication lies with the journal editor.

Copy Editing: All accepted manuscripts are copy edited. This process addresses general
publishing considerations, such as layout of tables and figures, housestyle and clarnity of
expression. Authors will receive proofs following editing for their approval and sign off_ It
should be noted that the responsibility for checking the technical accuracy and consistency of
data within the article rests with the authors.

MANUSCRIPT SUBMISSION

Manuscnpt Submission

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

Permussions

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copynght owner(s) for both the pnnt and
online format and to include evidence that such permission has been granted when

submitting their papers. Any material received without such evidence will be assumed to
originate from the authors.

Onlne Submission

Authors should submit their manuscnipts online. Elecfronic submission substantially reduces
the editonal processing and reviewing times and shortens overall publication imes. Please
follow the hyperlink “Submit online” on the right and upload all of your manuscript files
following the instructions given on the screen.

For additional information on Publishing Ethics, please see “Integrity of Research and
Reporting” below.
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Title Page

The tile page should include:

* The name(s) of the authorn(s)
# Aconcise and informative title

The affiliation(s) and address(es) of the author(s)

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

Abstract

Please prowide an abstract of 150 to 250 words . The abstract should not contain any
undefined abbreviations or unspecified references.

For manuscripts reporting the results of clinical tnals, the abstract should be structured as
descrbed in the CONSORT Statement (see link below). The appropnate extension to the
CONSORT Statement should be referred to where relevant. For manus cripts reporting the
results of a systematic review with or without a meta-analysis, the abstract should be
structured as decribed in the PRISMA statement (see link below).

For both types of manuscripts the abstract length can be increased from the 250 word limit to
allow full compliance with the relevant guidelines.

CONSORT statement
PRISMA statement

TEXT

Text Formattng

Manuscnpts should be submitted in Word.

& Use a normal, plain font (e.g., 10-point Times Roman) for text.

& Use italics foremphasis.

- Use the automatic page numbering function to number the pages.

- Do not use field functions.

& Use tab stops or other commands for indents, not the space bar.

i~ Use the table function, not spreadsheets, to make tables.

- Use the equation editor or MathType for equations.

& Sawve your file in docx format (Word 2007 or higher) or doc format (older Word

Versions).

Manuscripts with mathematical content can also be submitted in LaTeX.

LaTeX macro package (ap, 182 kB)
Headings
Please use the decimal system of headings with no more than three levels.
Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes

Footnotes can be used to give additional information, which mayinclude the citation of a
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and theyshould never include the bibliographic details of a reference. Theyshould also not
contain any figures or fables.

Footnotes to the text are numbered consecutively, those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.
Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section
before the reference list. The names of funding organizations should be written in full.

REFERENCES

Citation

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

1. Negotiation research spans many disciplines [3].

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

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

Reference hist

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works
should only be mentioned in the text. Do not use footnotes or endnotes as a substitute fora
reference list

The entries in the list should be numbered consecutively.

i Journal article
Smith JJ. The world of science. Am J Sci. 1999;36:234-5.

# Article by DOI
Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine production. J
Mol Med. 2000; doiz10.1007/s001090000086

i Book
Blenkinsopp A Paxton P. Symptoms in the pharmacy: a guide to the management
of common iliness. 3rd ed. Oxford: Blackwell Science; 1998.

& Book chapter
Wadlie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In: Bourne
GH, Danielli JF, Jeon KW, editors. International review of cytology. London:
Academic; 1980. pp. 251-306.

# Online document

Doe J. Title of subordinate document. In: The dictionary of substances and their
effects. Royal Society of Chemistry. 1999. http /iwww rsc.org/doseftitle of
subordinate document. Accessed 15 Jan 1999.

Always use the standard abbrewation of a journal’'s name according to the ISSN List of Title
Word Abbrewvations, see

www issn org/2-22661-L TWA-online php
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For authors using EndMNote, Springer provides an output stfe that supports the formatting of
in-text citations and reference list.

EndNote style (ap, 3 kB)

TABLES

# All tables are to be numbered using Arabic numerals.
- Tables should always be cited in text in consecutive numerical order.

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

& |dentify any previously published matenal by giving the original source in the form
of a reference at the end of the table caption.

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

ARTWORK AND ILLUSTRATIONS GUIDELINES

For the best quality final product, itis highly recommended that you submit all of your ariwork —
photographs, line drawings, etc. — in an electronic format. Your art will then be produced to the
highest standards with the greatest accuracy to detail. The published work will directly reflect
the quality of the artwork provided.

Electronic Figure Submussion

= Supply all figures electronically.
i- Indicate what graphics program was used to create the artwork.

# [For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MS Office files are also acceptable.

& Vector graphics containing fonts must have the fonts embedded in the files.
i~ Name your figure files with "Fig" and the figure number, e.g., Figl.eps.
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& Definition: Black and white graphic with no shading.
# Do not use faint lines and/or lettering and check that all lines and lettering within

the figures are legible at final size.

i All lines should be atleast 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi.

- Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading,
etc.

If any magnification is used in the photographs, indicate this by
using scale bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combimation Art
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+ Definition: a combination of halftone and line art, e g, halftones containing line

drawing, extensive lettering, color diagrams, etc.

+ Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Colorart is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one
another when converted to black and white_ A simple way to check this is to make a
xerographic copy to see if the necessarydistinctions between the different colors
are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Colorillustrations should be submitted as RGB (8 bits per channel).

Figure Lettermg

- To add lettering, itis best to use Helvetica or Anal (sans serif fonts).

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

- Variance of type size within an illustration should be minimal, e g., do not use 8-pt

type on an axs and 20-pt type for the axs label.
Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbenng

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, efc.).

If an appendixappears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,
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"A1, A2, A3, etc " Figures in online appendices (Electronic Supplementary Matenal)
should, however, be numbered separately.

Figure Captions

- Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.

& Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

- No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

i- |dentify all elements found in the figure in the figure caption; and use boxes,
crcles, etc., as coordinate points in graphs.

- Identify previously published material by giving the original source in the form ofa
reference citation at the end of the figure caption.

Figure Placement and Size

= When prepanng your figures, size figures to fitin the column width.
* For mostjoumals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide
and not higher than 234 mm.

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

Permussions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the pnnt and online format. Please be aware
that some publishers do not grant electronic rights for free and that Springer will not be able to

refund any costs that may have occurred to receive these permissions. In such cases,
material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that

= Al figures have descniptive capfions (blind users could then use a text-to-speech
software or a text-fo-Braille hardware)

» Patterns are used instead of or in addition to colors for conveying information
(color-blind users would then be able to distinguish the visual elements)

= Anyfigure lettering has a contrast ratio of atleast 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files fo be published online along with an article or a book chapter. This feature can
add dimension to the author's article, as certain information cannot be printed or is more convenient in
electronic form.

Submussion

= Supply all supplementary material in standard file formats.

= Please include in each file the following information: article fitle, journal name, author
names; affiliation and e-mail address of the corres ponding author.

* To accommodate user downloads, please keep in mind that larger-sized files may require
verylong download times and that some users may experience other problems dunng
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downloading.

Audio, Video, and Anmations

¢ Always use MPEG-1 (mpg) format.

Text and Presentations

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

* Acollection of figures may also be combined in a PDF file.

Spreadsheets
* Spreadsheets should be converted to PDF if no interaction with the data is intended.

* [fthe readers should be encouraged to make their own calculations, spreadsheets should
be submitted as .Ms files (MS Excel).

Specialized Formats

* Specialized format such as pdb (chemical), wrl (VRML), nb (Mathematica notebook), and
texcan also be supplied.

Collectmg Multiple Files

e |tis possible to collect multiple files ina ap or gzfile.

Numbenng
s [fsupplying any supplementary matenal, the text must make specific mention of the
material as a citation, similar to that of figures and tables.

= Referto the supplementaryfiles as “Online Resource”, e.g.,"... as shown in the animation
(Online Resource 3)", “... additional data are given in Online Resource 4”.

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

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

Processmg of supplementary files

¢ Electronic supplementary material will be published as received from the author without
any conversion, editing, or reformatting.

Accessibility
In order to give people of all abilities and disabilities access to the content of your supplementaryfiles,
please make sure that

* The manuscript contains a descriptive caption for each supplementary material

+ Video files do not contain anything that flashes more than three times persecond (so that
users prone to seizures caused by such effects are not put at risk)

AFTER ACCEPTANCE

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

Once the Author Query Application has been completed, your article will be processed and
you will receive the proofs.

Open Choice
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In addition to the normal publication process (wherebyan article is submitted to the journal
and access to that article is granted fo customers who have purchased a subscription),
Springer now provides an alternative publishing opfion: Springer Open Choice. A Springer
Open Choice article receives all the benefits of a regular subscription-based article, butin
addition is made available publicly through Springer's online platform SpringerLink.

Springer Open Choice

Copynght transfer

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

Open Choice articles do not require fransfer of copyright as the copyright remains with the
author. In opting for open access, the author(s) agree to publish the article under the Creative
Commons Aftribution License.

Offprnts

Offprints can be ordered by the corresponding author.
Color illustrations

Publication of color illustrations is free of charge.

Proofreadmg

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

After online publication, further changes can only be made in the form of an Emmatum, which
will be hyperlinked to the article.

Online Fust
The article will be published online after receipt of the corrected proofs. This is the official first

publication citable with the DOI. After release of the printed version, the paper can also be
cited by issue and page numbers.

SCIENTIFIC STYLE

- Please always use internationally accepted signs and symbols for units (S1 units).

2 Nomenclature: Insofar as possible, authors should use systematic names similar
to those used by Chemical Abstract Senice or [UPAC.
i (Genus and species names should be in italics.

# (Generic names of drugs and pesticides are preferred; if rade names are used, the
generic name should be given at first mention.

2 Please use the standard mathematical notation for formulae, symbols, etc.:
ltalic for single letters that denote mathematical constants, variables, and unknown
quantities
Roman/upright for numerals, operators, and punctuation, and commonly defined
functions or abbreviations, e g, cos, det, e or exp, lim, log, max, min, sin, tan, d (for
derivative)

Bold for vectors, tensors, and matrices .
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Ethical standards

Manuscripts submitted for publication must contain a statement to the effect that all human
and animal studies have been approved by the appropnate ethics committee and have
therefore been performed in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.

It should also be stated clearly in the text that all persons gave their informed consent prior to
their inclusion in the study. Details that might disclose the identity of the subjects under study
should be omitted.

The editors reserve the right to reject manuscripts that do not comply with the above-
mentioned requirements. The author will be held responsible for false statements or failure to
fulfill the above-mentioned requirements

Conflict of mterest

Authors must indicate whether or not they have a financial relationship with the organization
that sponsored the research. They should also state that they have full control of all primary
data and that they agree to allow the journal to review their data if requested.

Therefore the manuscript must be accompanied by the “Conflict of Interest Disclosure Form™.
To download this form, please follow the hyperlink on the right.

General

Adis journals endorse the ‘Uniform Requirements for Manuscripts Submitted to Biomedical
Joumals, issued bythe International Committee for Medical Journal Editors (see link below)
and are members of the Committee on Publication Ethics (see link below).

hitp/fwww.icmje.org/urm_main.html

www.publicationethics .org

Ethics/Institutional Review Board Approval of Research

Authors should be able to submit, upon request, a statement from the research ethics
committee or institutional review board indicating approval of the research. If the studywas
not submitted to a research ethics committee orinstitutional review board, authors mayneed
fo provide documentation to prove that not seeking review for the studywas in accordance
with the policy of your institution. Details of the ethical approval status of the research must be
described in the methods section of the paper.

Health Research Reportmg Guidelnes

The journal requests that the reporting of studies follows cument best practice and authors
are advised to adhere to the appropriate health research reporting guideline for the type of
research being submitted. The journal recommends that authors refer to the EQUATOR
Network (see link below) for up-to-date information on all health research reporting
guidelines.

Specifically, randomised controlled trials should following the reporting guidelines specified
in the CONSORT Statement (see link below). The appropriate extension to the CONSORT
Statement should be referred to where relevant. Authors must provide a completed
CONSORT flowchart/checklist. Purely obsenvational studies should follow the reporting
guidelines of STROBE. Authors must prowvde the relveant completed STROBE checklist (see
link below).

Systematic reviews, with or without a meta-analysis should follow the reporting guidelines of
PRISMA Authors must provide a completed PRISMA flowchart and checklist (see link below).
Meta-analysis of observational studies in epidemiology should following the reporting



guidelines of MOOSE. Authors must provide a completed MOOSE checklist (see link to the
Equator Network below).

www equator-network.org
hitp/iwww . consort-statement.org
www.strobe-statement.org

www _prisma-statement.org

www.equator—network.orgfresoun:e—centre

Chnical Trial Registration

The journal requires, as a condition of consideration of original clinical research for
publication, prospective registration of clinical tnals in a public trals registry before
recruitment of any participants. This applies to tnals which commenced after 1 July 2005: for
older trials retros pective registration will be acceptable, but only if completed before
submission of the manuscript to the journal. For the purpose of registration, the journal
defines a clinical trial as “anyresearch study that prospectively assigns human participants or
groups of humans to one or more health-related interventions to evaluate the effects on health
outcomes " Health-related interventions include any intervention used to modify a biomedical
or health-related outcome. Health outcomes include any biomedical or health-related
measures obtained in patients or participants, including pharmacokinetic measures and
adverse events. Authors should list the registration number the first ime theyuse a trial
acronym to refer to the tnal they are reporting. Purely cbservational studies will not require
registration.

Use of Personal Conmmnications and Unpublished Data

Authors must include a signed statement of permission from each individual identified as a
source of information in a personal communication or as a source for unpublished data (this
includes papers that have been submitted, but not yet accepted for publication), and specify
the date of communication and whether the communication was written or oral.

Duplicate Publication and Duplicate Submussion

Manuscripts are considered with the understanding that they have not been published
previously and are not under consideration by another publication. Copies of possibly
duplicative materials (i.e. those containing substantially similar content or using the same or
similar data) that have been previously published or are being considered elsewhere mustbe
provided at the time of manuscript submission. Submitted or published manuscripts that
found to be duplicated in any substantive way will be follow up and responded to in
accordance with the guidelines of the Committee on Publication Ethics (see link below).

www _publicationethics .org

The journal will, however, consider republication of a paper previously published in a
language other than English, or simultaneous publication of a paper in multiple joumnals with
different audiences, if the specific circumstances warrant this action. This will be done with
full and prominent disclosure of the ornginal source and with any necessary permission. The
journal does not consider posting of protocols and results in clinical tnal registres to be prior
publication. Press releases of studies presented at scientific meetings are also not
considered prior publication and will not compromise an author's ability to write up a full study
provided the release does not disclose results beyond those presented in the meeting
abstract or poster.

Plagiansm

Plagiarism is the use of others' published and unpublished ideas or words (or other
intellectual property) without attribution or permission, and presenting them as new and
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onginal rather than denved from an existing source. Plagiansm is scientific misconduct and
will be addressed as such following the Committee on Publication Ethics guidelines (see link
below).

www publicationethic.org
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