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A doenca hepatica alcoodlica (DHA) ¢ um termo coletivo para uma série de alteragcdes
patologicas que acometem o figado, que variam de esteatose e esteatohepatite a cirrose e
carcinoma hepatocelular. Adietilcarbamazina ¢ um farmaco utilizado no tratamento da
filariose linfatica desde 1947, que apresenta propriedades anti-inflamatérias devido a
sua interferéncia no metabolismo do acido araquidonico. O objetivo do trabalho foi
analisar a acdo da DEC sobre a inflamacdo hepatica induzida pelo alcoolismo, através
de andlises histologicas, pardmetros bioquimicos, avaliacdo da expressaode mediadores
pro e anti-inflamatorios por meio de imunohistoquimica, imunoflorescéncia e western
blot e avaliagdo do estresseoxidativo por ensaio imunoenzimatico. Sessenta e dois
camundongos machos da linhagem C57BL/6 foram divididos nos seguintes grupos:1 )
controle, 2 ) DEC 50 mg/kg , 3 ) alcool, 4 ) alcool + DEC 50 mg/kg , 5 ) alcool +
Celecoxibe 50mg/kg 6 ) alcool + PDTC 100mg/kg e 7 ) alcool + PDTC 100mg/kg +
DEC 50mg/kg. A andlise histologica do grupo alcoolico revelou diversas alteragdes,
como infiltrado inflamatdrio, esteatose, regides de necrose e elevada concentracdo de
fibras colagenas. Além disso, este grupo apresentou elevada expressdo de todos
marcadores inflamatorios, elevacdo do perfil lipidico e marcador de dano hepético na
avaliagdo bioquimica e reducdo da atividade da enzima glutationaredutase. O tratamento
com a DEC foi capaz de reduzir as alteracdes histologicas e o conteudo de colageno,
como reducdo dos marcadores pro-inflamatério e aumento dos anti-inflamatorios. A
DEC também foi capaz de melhorar os pardmetros bioquimicos e aumentar a atividade
da glutationaredutase. Estes resultados sugerem o papel benéfico da DEC durante a
patogénese da DHA, configurando-se como possivel alternativa terapéutica no

tratamento de hepatopatias.

Palavras-chave:Dietilcarbamazina, doenga hepatica alcoolica, inflamagao, figado.
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Alcoholic liver disease (DHA) is a collective term for a number of pathological changes
that affect the liver ranging from steatosis and steatohepatitis to cirrhosis and
hepatocellular carcinoma. The diethylcarbamazine is a drug used in the treatment of
filariasis since 1947, which has anti-inflammatory properties due to its interference with
the metabolism of arachidonic acid. The objective of this work was to analyze the effect
of DEC on hepatic inflammation induced by alcoholism, through histological analysis,
biochemical parameters, evaluation of the expression of proinflammatory and anti-
inflammatory mediators by immunohistochemistry, immunofluorescence and western
blot analysis and evaluation of oxidative stress byimmunoenzimatic assay. Sixty-two
male C57BL/6 mice were divided into the following groups: 1) control, 2) DEC 50
mg/kg, 3) alcohol, 4) alcohol + DEC 50 mg/kg, 5) alcohol + Celecoxib 50 mg/kg 6)
alcohol + PDTC 100 mg/kg and 7) alcohol + PDTC 100 mg/kg + DEC 50
mg/kg.Histological analysis of the alcoholic group revealed several changes such as
inflammatory infiltrate, steatosis, necrosis areasand high concentration of collagen
fibers. Furthermore, this group showed high expression of all inflammatory markers,
elevated lipid profile and liver damage marker in the biochemical assessment and
reduction of glutathione reductase activity. Treatment with DEC was able to reduce the
histological changes and collagen content, as well as reduction of pro-inflammatory
markers and an increase of anti-inflammatory markers. DEC was also able to improve
the biochemical parameters and increase glutathione reductase activity. These results
suggest a beneficial role for DEC during the pathogenesis of DHA, configuring itself as

a possible alternative treatment of liver diseases.

Keywords:Diethylcarbamazine, alcoholic liver disease, inflammation, liver.


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary

» use period has ended.
Thank you for using

t CO m p I ete PDF Complete.
/A DE FIGURAS

Unlimited Pages and

Figura 1.Desenho esquematico do figado. A — anatomia macroscopica do figado. B —

lobulos hepaticos. C — Parte de um 16bulo hepatico em maior aumento...............ccoeeenee. 19

Figura 2.Fotomicrografia do figado. A- veia central (centrolobular). B — triade

Figura 4. A patogénese da inflamacdo hepatica induzida pelo alcool e o papel do

Sistema IMuNE SA0 COMPLEXOS. ....uvruriiuiiiriiiriiie it 22

Figura 5.A - Representagdo esquematica do metabolismo de primeira passagem do

etanol pelo figado. B - Locais de absor¢do do &lcool no corpo (regides escuras na

1000ETe(c30 1) BT TP TP P PPPVRTPRVSPRPPOS 24
Figura 6. Vias oxidativas do metabolismo do etanol no figado............ccoceevirivinencnncnnn, 25
Figura 7.Via de ativagao do NF-KB.........cccooiiiiiiiiiiiicin e 26
Figura 8.Citrato de dietilcarbamazina..............covvrieriiiiiinieeiie e e 33

Figura 9. Estrutura do CeleCOXIDE. ......civviiuiriiiieiiiiiiiieeie e s 34

Figura 10.Estrutura do PDTC.......c.cooiiiiiiiiiie ittt s 35


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Click Here to upgra de
Unlimited Pages and

Your complimentary
use period has ended.
Thank you for using
PDF Complete.

REVIATURAS E SIGLAS

AINEs
ALD
AMP
AMPK
AST
ATP
ALDH
CYP2EI
COX-2
DAB
DEC
DHA
FGF
HDL
HSC
IFN-y
IL-1B
IL-17
kB
iNOS

LH

Anti-inflamatérios Nao Esteroides
Alcool Desidrogenase

Adenosina Monofosfato

Proteina Quinase Ativada Por AMP
Aspartato Aminotransferase
Adenosina Trifosfato

Aldeido Desidrogenase Mitocondrial
Citocromo P450 2E1

Ciclooxigenase 2

Diaminobenzidina
Dietilcarbamazina

Doenga Hepatica Alcodlica

Fator de Crescimento de Fibroblastos
Lipoproteina de Alta Densidade
Células Estreladas Hepaticas
Interferongamma

Interleucina lbeta

Interleucina 17

Inibidor do Fator Nuclear kappa B alfa
Oxido Nitrico-Sintase Induzivel

Hormoénio Luteinizante


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.
Thank you for using
PDF Complete.
Click Here to upgrade to
Unlimited Pages and EXE
Lipopolissacarideo
MFB Miofibroblastos
NAD Nicotinamida Adenina Dinucleotideo
NADH Nicotinamida Adenina Dinucleotideo Reduzido
NF-kB Fator Nuclear kappa B
NO Oxido Nitrico
PDGF Fator de Crescimento Derivado de Plaquetas
PDTC Acido PirrolidinaDitiocarbamato de Amonio
PGE, Prostaglandina E2
ROS Espécies Reativas de Oxigénio
TNF-a Fator de Necrose Tumoral alpha

TGF- Fator de Crescimento Transformante beta


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Pnr Your complimentary
- use period has endgd.
acomplete R
rac SUMARIO
Unlimited Pages an
1 INTRODUGAO.........ooieeeeeeeee ettt 13
1.1 OB JEEIVOS. ...ttt ettt e sb e sb e et en e sr e sr e e 15
L.1.1 Objetivo Geral.......ocvviviiiiciiiieii s 15
1.1.2 Objetivos ESPecifiCos......ccoviiiiiiiiiiiiiiiciiie s 15
1.2 JUSEIFICALIVAL ... 16
CAPITULO |
1 REVISAO BIBLIOGRAFICA.......cooooieeeeeeet e e s 18
1.1 Fungdo e Estrutura Hepatica..........cccvivviiiiiiiiiiiiiieis e 18
1.2 Doenga Hepética AICOONICA. .......ocoviiiiiiiiiiiiic s 20
L3 BLANOL .. e e 23
1.3.1  ASPECLOS GETAIS.....vviiviieiiiciiiciie it 23
1.3.2  MetabOliSMO. ...ccuvieuiiiiiii ettt 24
R\l S 4 2 F USSR 25
1.5 CIEOCINAS. 1ottt ettt ettt sttt e e b et e st e e e sb e e enbe e e e e s e e sreeenbeas 27
T B A\ o SRR TROR 27
T8 D 1 PSR 28
L.5.3  TLrT0 ittt e 28
R T S D B TSR 29
155 TFN Yttt et b e b b et 29
L1560 TGF-Puiiiiiiiiie et e 30
1.0 ENZIIMAS. ..ccti ettt ettt ettt bt e e sb e eb e e e nn e en e enne s 30
L.6. 1 AMPK .o e 30
L.0.2  COX 2ttt ettt et 31
L.6.3  INOS .ttt 32
1.7 Dietilcarbamazina...........c.eeiviriiir e e s 32
1.8 CRLECOXIDE. ...eeei ettt ettt e e sb e en e e n e e 34
1.9 Acido PirrolidinaDitiocarbamato de AMONIO............ccvervevrvererrrinensisrinensenenn, 35
2 REFERENCIAS BIBLIOGRAFICAS.........cccovieeerseeeesiser s 36

CAPITULO II


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.
C om p I ete Thank you for using
PDF Complete.
Click Here to upgrade to ‘

Unlimited Pages and Expande



http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

: Your complimentary
— use period has ended. 13
Thank you for using
t CO m p I ete PDF Complete.

Click Here to

Unlimited Pages

O alcoolismo constitui um grave problema de saude publica. Segundo o ltimo
levantamento da Organizacdo Mundial de Saude, o consumo de alcoolé o terceiro
maiorfator de riscono mundo paradoencgas, sendono geral 5,1% da carga global de
doencas ¢ lesdes atribuidas ao alcool WHO, 2014).No Brasil, os dados mais recentes
em levantamento domiciliar realizado nas 108 maiores cidades do pais, apontam que
12,3% das pessoas entre 12 e 65 anos sdo dependentes de alcool e que 74,6% dos

entrevistados ja consumiram alcool na vida (VARGAS & SOARES, 2013).

A doenca hepatica alcoodlica (DHA) ¢ marcada por alteragcdes patoldgicas do
figado que variam de esteatose e esteatohepatite a cirrose e em alguns casos ao
carcinoma hepatocelular. A patogénese do consumo agudo e cronico do alcool ¢
multifatorial com diversas consequéncias em diferentes tecidos e tipos celulares. A
ingestao do alcool leva a niveis elevados deendotoxinas (especialmente LPS)no sangue
e no figado, o que conduz a ativacdo de células imunitarias que produzem mediadores
inflamatérios (citocinas). A producdo anormal de citocinas ¢ uma caracteristica
importante da doenca hepética alcodlica. Elevadas concentragdes séricas de TNF-a, IL-
1, IL-6 e IL-8 foram relatadas em pacientes alcodlicos e correlacionadas com a lesdo do

figado e dos resultados clinicos (BRUHA et al., 2012).

A fibrose progressiva ¢ crucial para a DHA cronica, que pode resultar
eventualmente em cirrose, insuficiéncia hepatica e complicagdes clinicas associadas.
Em resposta ao acetaldeido, perdxidos lipidicos, ROS e endotoxinas, as células de
Kupffer e outras células inflamatdrias tornam-se ativadas para secretar numerosos
fatores de crescimento e citocinas, incluindo TNF-a, fator de crescimento derivado de
plaquetas e o TGF-fB, sendo estes estimulos essenciais para a proliferacdo e fungdo
secretora de células estreladas hepaticas (HSC) e miofibroblastos (MFB).HSCs/MFBs
ativados, aumentam significativamente a producdo de matriz fibrosa, especialmente
colagenos, e regulam negativamente a sua degradagdo (ORMAN et al, 2013;

SVEGLIATI-BARONI et al., 2005).

Uma das vias do metabolismo do etanol no figado (a via da CYP2E1) ¢ mais
induzida com o consumo cronico de alcool,e esta via gera espécies reativas de oxigénio

(WATSON et al., 2013). A geragcdo excessiva destas espécies reativas de oxigénio,
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celular induzida por estes radicais livres,tem papel

critico na inflamag¢ao induzida pelo 4lcool. No figado, células de Kupfferproduzem ROS
em resposta a exposi¢do cronica ao alcool, contribuindo para os efeitos danosos do

etanol (AMBADE & MANDREKAR, 2012).

Dessa forma, a condig@o inflamatoria estd intimamente ligada a progressdo da
doenca hepatica alcodlica, sendo a terapia farmacoldgica atual limitada e ineficaz para
os casos mais avangados como a hepatite alcodlica e a cirrose. Dentre os esquemas
terapéuticos utilizados, o mais difundido ¢ o uso de corticosteroides visando diminuir a
producdo de citocinas inflamatorias por meio da regulagcdo da transcricdo. No entanto,
pacientes que fazem uso de corticoides, tornam-se mais susceptiveis a infecgdes,

resultado da supressdao imune exercida pelo firmaco (GAO & BATALLER, 2011).

A dietilcarbamazina (DEC) ¢ um derivado da piperazina, utilizada eficazmente
h4d 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 4cido araquidonico (NOROESet al., 1997).

Alguns estudos clinicos relataram que a DEC reduziu os sintomas da asma
bronquica devido aos seus efeitos anti-inflamatorios (MAIZELS & DENHAM, 1992;
THIRUVENGADAM et al., 1974). Além disso, estudos recentes do nosso laboratorio
mostraram a a¢do anti-inflamatoéria da DEC em modelos de inflamacdo pulmonar e

hepatico (RIBEIRO et al., 2014; ROCHA et al., 2012).

Dessa forma, o objetivo desse estudo foi investigar a a¢do anti-inflamatoria da

dietilcarbamazinaem um modelo de lesdo hepatica cronica induzida pelo alcool.
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ODbjctivo Geral

Analisar o mecanismo de acdo da DEC sobre o processo inflamatorio hepatico
induzido pelo alcoolismo em camundongos machos C57BL/6 através de avaliagdes

morfoldgicas, bioquimicas e moleculares.

1.1.2 Objetivos Especificos

1-Analisar o efeito do tratamento in vivo da DEC sobre a inflamagao hepatica induzida
pelo alcoolismo através da microscopia oOptica (histopatologia), bem como avaliar o

conteudo de fibras coladgenas (Sirius red);

2-Examinar por meio de provas bioquimicas o funcionamento hepatico
(aspartatoaminotransferase - AST) e o perfil lipidico (colesterol total, triglicerideos e

lipoproteina de alta densidade - HDL);

3-Caracterizar através de imunohistoquimica e western blot a agdo da DEC sobre a
expressdo dos marcadores inflamatérios:fator de necrose tumoral alfa(TNF-
a),interleucina 1 beta(IL-1f), interleucina 17 (IL-17), ciclooxigenase 2 (COX-2), 6xido
nitrico-sintase induzivel(iNOS) e fator de crescimento transformante beta (TGF-), bem
como do fator nuclear kappa B(NF-kB) e sua proteina inibitéria o inibidor do fator

nuclear kappa B alfa(IkB-a);

4-Avaliar por western blot e imunoflorescéncia a acdo da DEC sobre o fator nuclear

kappa B (NF-kB) e sua proteina inibitdria o inibidor do fator nuclear kappa B alfa (IkB-

a);

5-Analisar o papel da DEC sobre o estresse oxidativo através das concentragcdes da

glutationaredutase por meio de ensaio imunoenzimatico (ELISA);

6-Caracterizar os efeitos da DEC na recuperacdo tecidual, através de western blot e
imunohistoquimica, avaliando os seguintes marcadores anti-inflamatorios: proteina
quinase ativada por AMP (AMPK), e sua forma ativa fosforilada p-AMPK e a
Interleucina-10 (IL-10).
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Apesar do protundo mmpacto econdmico e de saude da DHA, pouco progresso
tem sido obtido no tratamento de pacientes com esta condi¢cdo clinica grave. Nao
existem ferramentas modernas de diagndstico para avaliar a susceptibilidade individual
para o desenvolvimento da DHA, e a sua patogénese em seres humanos nio ¢
completamente compreendida. Como consequéncia, nenhum novo farmaco para DHA
foi desenvolvido com éxito desde os anos 1970, momento em que o uso de
corticosteroides foi proposto para o tratamento da hepatite alcodlica grave (GAO &
BATALLER, 2011). O pobre progresso terapéutico no dominio da DHA tem, em parte,
resultado da falta de modelos experimentais da DHA avancada e da dificuldade de

realizacdo de ensaios clinicos em doentes com desejo compulsivo.

A dificuldade no tratamento reside principalmente nos estagios avancados da
DHA, pacientes com cirrose alcoolica, por exemplo, compdem uma parte significativa

dos pacientes indicados para transplante de figado (30% -50%)(WILLENBRI, 2009).

A Dietilcarbamazina ¢ um medicamento amplamente utilizado na terapéutica da
filariose e apresenta excelente tolerabilidade com poucos efeitos colaterais. Além disso,
a DEC apresenta baixo custo em comparacdo ao de terapias atuais como o uso de
monoclonais anti-TNF-alpha (etanercept, infliximab, etc) ou glicocorticoides, com
efeitos colaterais graves, como o aumento de infecgdes e mortalidade associada a esses

farmacos.

Dessa forma, devido aos resultados recentes obtidos em nosso laboratorio em
modelos agudos e cronicos de inflamagdo com a DEC, o presente trabalho visa
contribuirna busca por novas alternativas terapéuticas para o tratamento dos estagios

mais avancados das hepatopatias, especialmente a DHA.


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

PDE

E_Complete

Click Here to upgrade to

Unlimited Pages and Expal

Your complimentary
use period has ended.
Thank you for using
PDF Complete.

Capitulo]

17


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

: Your complimentary
— use period has ended. 18
Thank you for using
t CO m p I ete PDF Complete.

Click Here to

Unlimited Pages

1.1 Funcéo e Estrutura Hepatica

O figado, pesando cerca de 1,5 kg, ¢ o segundo maior 6rgao do corpo (o maior ¢ a
pele). Situado no quadrante superior direito da cavidade abdominal, logo abaixo do
diafragma, estd subdividido em quatro lobos - direito, esquerdo, quadrado e caudado -
dos quais os dois primeiros constituem a quase totalidade (Figura 1A). E um orgio
multifuncional e dentre suas principais fungdes destacam-se a sintese e a secre¢ao
protéica, a secrecdo biliar, a regulacdo dos niveis glicémicos e a metabolizagdo de

drogas e carboidratos (GARTNER & HIATT, 2007).

A célula hepatica, ou hepatdcito ¢ o componente estrutural basico do figado,
correspondendo a 80% da populacdo celular. Estas células epiteliais estdo agrupadas em
placas interconectadas, os lobulos hepaticos (Figura 1B). Em certos animais (p. ex.,
porcos), os lobulos sdo separados entre si por uma camada de tecido conjuntivo, o que
ndo ocorre em humanos, nos quais os lébulos estdo em contato ao longo de grande parte
de seu comprimento, tornando dificil o estabelecimento de limites exatos entre l6bulos
diferentes. Em algumas regides da periferia dos lobulos existe tecido conjuntivo
contendo ductos biliares, pequenos ramos da artéria hepatica e ramos da veia porta
(formando a triade portal) (Figura 1C e 2B), além de nervos e vasos linfaticos. Estas
regides, os espacgos porta, estdo presentes nos vértices dos lobulos (JUNQUEIRA &
CARNEIRO, 2013).

Os hepatocitos estdo radialmente dispostos no lébulo hepatico formando fileiras, os
corddes hepaticos, arranjados da periferia do 16bulo para o seu centro, em torno de uma
veia central, a veia centro-lobular (ou sublobular) (Figura 2A), anastomosando-se
livremente. Entre os corddes de hepatocitos encontram-se capilares, os sinusoides
hepaticos (Figura 1C). Capilares sinusodides sdo vasos irregularmente dilatados

compostos por uma camada descontinua de células endoteliais fenestradas

(JUNQUEIRA & CARNEIRO, 2013).

O figado ¢ envolvido pelo peritdnio, que forma um epitélio pavimentoso simples
cobrindo a cépsula de tecido conjuntivo denso ndo modelado (capsula de Glisson) do

orgdo. A capsula de Glisson se torna mais espessa no hilo, por onde a veia porta e a
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b e por onde saem os ductos hepaticos direito e

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
1.500mL/min, sangue pouco oxigenado e rico em nutrientes proveniente das visceras
abdominais. O restante, deriva da artéria hepatica, que fornece sangue rico em oxigénio.
Os pequenos ramos da vénula portal terminal e da arteriola hepatica terminal, entram
nos acinos da triade portal e entdo fluem através dos sinusdides entre placas de

hepatocitos (BEERS & BERKOW, 2001).

Wiaia sublobular
Lobo esquendo

Ligamanto falciforme
Artéria hapatica
gl cava

\aia porta

Espago porta

Labule hepatics {

Lobo direitn \feiz central

A, Artéria hepatica
Triade porta ¢ Duto biliar

Vaia porta

Veia cendral

Sinusdides

Dt billar

Veia porta Triade porta

Ardria hepatica

Figura 1. Desenho esquematico do figado. A — anatomia macroscopica do figado. B — 16bulos hepaticos.
C — Parte de um loébulo hepatico em maior aumento (GARTNER & HIATT, 2007).

A troca de nutrientes ocorre através dos espagos de Disse, que separam os

hepatocitos do revestimento sinusoidal poroso. O fluxo sinusoidal se mistura nas
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palescem e finalmente formam a veia hepatica,

sangue eferente para a veia cava inferior. O figado

também ¢ drenado por um suprimento rico de vasos linfaticos. E comum ocorrer

interferéncia no suprimento sanguineo hepatico na cirrose e em outras doengas cronicas

que se manifestam geralmente por hipertensao portal (BEERS & BERKOW, 2001).

Figura 2. Fotomicrografia do figado. A- veia central (centrolobular). B — triade portal (JUNQUEIRA &

CARNEIRO, 2013).

1.2 Doenca Hepatica Alcodlica

A doenga hepatica alcodlica (DHA) representa um espectro de sintomas clinicos

e alteragdes morfologicas que variam de figado gorduroso, inflamacdo hepatica e

necrose (hepatite alcodlica) a fibrose progressiva (cirrose alcodlica) (Figura 3). Além

disso, a manutencdo do consumo excessivo de alcool favorece a progressao de outras

doencas hepdticas, tais como hepatite cronica relacionada a virus, além do risco

aumentado de desenvolver carcinoma hepatocelular (O’SHEA et al., 2010).

Rama da
veia porta
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Figura 3. Espectro de alteragdes da DHA (GAO & BATALLER, 2011).

A dependéncia do alcool, por si s6 nem sempre ¢ um pré-requisito para o
desenvolvimento da DHA. Pois, além da quantidade consumida de alcool, fatores

genéticos e ambientais provavelmente também desempenham papel crucial no
desenvolvimento da DHA (GRAMENZI et al., 2006).

Embora uma relacdo dose-efeito entre a ingestdo de alcool e a lesdo hepatica
induzida pelo alcool tenha sido relatada, ndo ha nenhuma quantidade definida de
consumo de dalcool que pode certamente prever o desenvolvimento de DHA. Na
verdade, a maioria dos consumidores pesados de longo prazo, desenvolvem figado
gorduroso (cerca de 90%), porém apenas 10-35% desenvolvem hepatite e apenas 8-20%
irdo avancar para a cirrose.Estudos preconizam que o consumo diario de alcool de cerca
de 40-80 g/dia para homens e 20—40 g/dia para mulher por 10—12 anos levard a quase
100% de chance desenvolvimento das formas mais graves da DHA (BRUHA et al,,
2012; GAO, 2013).
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Figura 4. A patogénese da inflamac¢ao hepatica induzida pelo alcool e o papel do sistema imune inato sdo
complexos (CHAE, 2009).

Dentre os mecanismos associados a lesdo hepatica induzida pelo alcool, dados
experimentais € humanos sugerem um papel principal para a citocromo P450 2EI
(CYP2E1), uma enzima que pode ser induzida 10-20 vezes pelo consumo crénico de
alcool (WATSON et al., 2013). A CYP2EI metaboliza o etanol a acetaldeido, uma
molécula altamente toxica e mutagénica, ¢ aumenta o estresse oxidativo através da
producdo de espécies reativas de oxigénio (ROS) e perodxidos de lipideos (WU &
CEDERBAUM, 2009).

A inducdo da CYP2EI esta associada ao acimulo de gordura (LU et al., 2008),
inflamagdo e fibrose (LIEBER, 2004) e lesdes ao DNA (WANG et al., 2009). Além
disso, o consumo excessivo de alcool pode conduzir a um aumento portal-sistémico da
absor¢do de endotoxinas a partir de bactérias intestinais que contribuem para

inflamacao-necrose e progressao da fibrose através de varios mecanismos moleculares,
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Além disso, a ingestdo de alcool aumenta a permeabilidade intestinal para uma
variedade de substancias que incluem endotoxinas bacterianas, tais com o
lipopolissacarideo (LPS). Este LPS 'sensibiliza' as células de Kupffer através da ligacao
com o receptor CD14. Esta ligacdo ativa o fator nuclear kappa B (NF-kB) que, por sua
vez, leva a transcri¢do exacerbada de citocinas pro-inflamatoérias, tais como TNF-a, IL-
1B e o fator de crescimento transformante beta (TGF-). Tais fatores irdo contribuir para
a inflamacao, apoptose e fibrose, com a consequente progressao da doenga (ORMAN et

al., 2013).
1.3 Etanol
1.3.1 Aspectos Gerais

O etanol (CH3CH20OH), também chamado 4&lcool etilico e, na linguagem
corrente, simplesmente alcool, ¢ uma substancia organica obtida da fermentacdo de
agucares, hidratacao do etileno ou redugdo a acetaldeido (SOLOMONS & FRYHLE,
2012).

Apo6s administragdo oral, o etanol ¢ rapidamente absorvido para corrente
sanguinea a partir do estdmago e intestino delgado. Niveis sanguineos maximos
ocorrem 30-90min apds sua a ingestdo quando o estdmago estd vazio. Atrasos no
esvaziamento gastrico (devido a presenga de alimentos) atrasam a absor¢do do etanol,
uma vez que a absorc¢do ocorre mais rapidamente a partir do intestino delgado do que a
partir do estdmago (Figura 5 B). Uma vez absorvido, o alcool ¢ transportado para o
figado através da veia portal. Uma por¢do do élcool ingerido ¢ metabolizada durante a
sua passagem inicial através do figado, o restante do alcool ingerido deixa o figado,
entra na circulacdo sistémica, e ¢ distribuida ao longo dos tecidos do corpo (Figura 5 A)

(CRABB et al., 2007; ZAKHARI, 2006; WEATHERMON & CRABB, 1999).


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended. 24
B 3 CO m p I ete Thank you for using
PDF Complete.
Click Here to upgrade
Unlimited Pages and B

Estomago

Alcool para
a circulagio
sistémica Esdtago
i
f
Estdmagn
vesiouts B/ / ?‘ﬁ
Metabolismo Figado 80 i?jias%

hepatico do

Dusdens _.-."J #ﬁsnrﬂﬁm
alcool Intestino | =5 E o |
Metabolismo transgdstrico | Famres,
| 3 A

a?.bsorg:ao o Aumento do esvaziamento
alcool para a e |

gastrico |
corrente
sanguinea i ~

Figura 5. A - Representagido esquematica do metabolismo de primeira passagem do etanol pelo figado. B

-Locais de absorg¢do do alcool no corpo (regides escuras na imagem) — (HEAD, 2011).
1.3.2 Metabolismo

O primeiro passo no metabolismo oxidativo do alcool ¢ efetuado por enzimas-
chave, incluindo a alcool desidrogenase (ADH), citocromo P450 2E1 (CYP2EL), e a
catalase. A ADH ¢ a principal enzima oxidante, tendo uma elevada afinidade pelo
alcool e quebra o etanol no citoplasma. A CYP2E1 ¢ utilizada por uma via diferente que
¢ induzida pelo consumo cronico do alcool, e resulta na formacdo de acetaldeido nos
peroxissomos. Uma terceira via do primeiro passo do metabolismo do etanol ¢ mediada

pela oxidagdo do etanol pela catalase nos microssomos (CEDERBAUM, 2013).

O segundo passo, que ¢ principalmente realizado pela aldeido desidrogenase
mitocondrial (ALDH), ¢ metabolizar o acetaldeido para acetato. Além disso, o
acetaldeido pode ser metabolizado pela CYP2E1 através de uma via dependente de
NADPH (sistema microssomal de oxida¢ao do etanol) (Figura 6) (CRABB et al., 2007).
O acetato resultante ¢ instavel e espontaneamente se decompde-se em agua e COa,.
Falhas ou redu¢donos mecanismos oxidativos do etanol,fazem com que o acetaldeido se
acumule e exerca seus efeitos toxicos. A natureza eletrofilica do acetaldeido permite
que ele se ligue e forme adutos, isto €, produtos quimicos de ligagdo covalente, com

proteinas, lipideos ¢ DNA.Adutos sdo amplamente patogénicos, pois prejudicam as
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Figura 6. — Vias oxidativas do metabolismo do etanol no figado(ZAKHARI, 2006).

O élcool e seu metabolismo causam alteragcdes na capacidade do figado em
eliminar varias substancias a partir do corpo. Assim, o metabolismo do alcool, afeta o
estado redox do figado e os niveis de glutationa, um antioxidante que impede que
espécies reativas de oxigénio (ROS) danifiquem as células. O termo "estado redox"
refere-se as concentracdoes 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 &lcool pela ADH resulta na
conversdao de NAD + em NADH, aumentando assim os niveis de NADH do figado.
Niveis elevados de NADH, por sua vez, estimulam a geragdo de moléculas de gordura e
interferem com a capacidade de outras enzimas hepaticas em quebrar moléculas de
gordura e produzir glicose. Por meio destas alteragdes metabdlicas, o metabolismo do
alcool pode afetar substancialmente o metabolismo geral do corpo e seu funcionamento
(CEDERBAUM, 2013; GAO & BATALLER, 2011; WEATHERMON & CRABB,
1999).

1.4 NF-kB

O fator de transcri¢do nuclear kappa B (NF-kB) foi identificado por David

Baltimore, em 1986 como um fator que no nucleo se liga ao promotor da cadeia
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k4 presente no citoplasma de todas as células de

mamiferos(AHN & AGGARWAL, 2005).

Os cinco membros da familia do NF-kB em mamiferos: p65 (RelA), RelB, c-
Rel, p50/p105 (NF-B1), e p52/p100 (NF-B2), existem em células ndo estimuladas como
homo ou heterodimeros ligados as familia de proteinas inibitorias kappa B (IkBs). As
proteinas NF-kB sdo caracterizadas pela presenca conservada de uma por¢cdo N -
terminal com cerca de 300 aminoécidos, o dominio de homologia Rel, que ¢
responsavel pela dimerizagdo, interagdo com IkBs, e ligagdo ao DNA. A ligagado as IkBs
impede o complexo NF-kB:IkB de se translocar para o nucleo, mantendo assim o NF-

kB em um estado inativo (HAYDEN & GHOSH, 2012).

A ativagdo da cascata de sinalizagdo do NF-kB resulta na degradagdo completa
da IkB, permitindo a translocacdo do NF-kB para o ntcleo, onde ele induz a transcrigdo.
O NF-kB ativado liga-se a sequéncias especificas de genes no DNA, designadas como
elementos kB, e regula a transcrigdo de mais de 400 genes envolvidos na
imunorregulacdo, regulacdo do crescimento, inflamagdo, carcinogénese e apoptose

(Figura 7)(DIAMANT & DIKSTEIN, 2013).
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Figura 7. Via de ativacdo do NF-kB(PRAJAPATI et al., 2010).
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adaptar e responder as mudangas ambientais, um

processo fundamental para a sobrevivéncia. Grande nimero de estimulos externos
levam a ativagdo do NF-kB e os genes cuja expressao ¢ regulada por ele, tendo funcao
relevante nas respostas imunologicas e ao estresse, € 0s processos de impacto tais como
a apoptose, proliferagdo, desenvolvimento e diferenciagdo (OECKINGHAUS et al.,
2011).

As infecgdes bacterianas e virais (por exemplo, através do reconhecimento de
produtos microbianos por receptores tais como os receptores Toll-like), citocinas
inflamatorias e ligacdo de antigenos a receptores, podem levar a ativagdo do NF-kB,
confirmando seu papel crucial nas respostas imune inata e adaptativa. Além disso, a
ativagdo do NF-kB pode ser induzida por estresse fisico (UV ou irradiacdo-y),
fisiologico (isquemia e choque hiperosmotico), ou oxidativo (NAPETSCHNIG & WU,
2013).

Processos inflamatorios sdo controlados através da transcricdo dependente do
NF-kB de citocinas, quimiocinas, moléculas de adesdo celular, fatores da cascata do
complemento, e proteinas de fase aguda. A lista de genes alvo kB-dependentes pode
ainda ser estendida para reguladores da apoptose (antiapoptoticos membros da familia
Bcl e proteinas inibidoras da apoptose / IAPs) e proliferagdo (ciclinas e fatores de
crescimento), substanciando dessa forma seu papel no crescimento celular, proliferacao

e sobrevivéncia (LAWRENCE, 2009).

Dessa forma, a ativagdo aberrante do NF-kB tem sido associada em algumas
doencas tais como o cancer, doengas auto-imunes, neurodegenerativas,
cardiovasculares, diabetes, e outras. Além disso, desempenha papel crucial na
progressdo de doengas inflamatorias cronicas, onde dirige a producdo de citocinas pro-
inflamatoérias, moléculas de adesdo e recrutamento de macréfagos e neutrofilos para os

sitios inflamatorios (HOESEL &SCHMID, 2013).
1.5 Citocinas

1.5.1 TNF-a
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5 0s membros, sem excecdo, apresentam atividade

pro-inflamatéria (AGGARWAL et al., 2012).

O TNF-a ¢ produzido por diversos tipos celulares, tais como mastocitos,
linfocitos T e B e células endoteliais. No figado, o TNF-a ¢ produzido principalmente
por células deKupffer, sendo um importante mediador em varios processos fisiologicos,

tais como inflamagao, proliferacdo celular e a apoptose (BRADLEY, 2008).

Com o consumo de cronico de alcool, as células deKupffer exibem maior
sensibilidade a produ¢ao de TNF-aestimulada pela ativagdo do NF-kB (via LPS). Niveis
séricos elevados de TNF-a tém sido relatados em pacientes com DHA e estdo

correlacionados a gravidade da doenca (MANDREKAR & SZABO, 2009).

.52 IL-1B

A interleucina 1 (IL-1) ¢ uma potente citocina pro-inflamatéria, compondo uma
familia de 11 membros, onde a IL-1p ¢ a citocina mais estudada da familia,
desempenhando uma funcdo na defesa do organismo contra infecgdes por

microrganismos patogénicos, incluindo bactérias, fungos e virus (DINARELLO, 2011).

Porém, além do seu papel fisiologico na prote¢do do organismo, a IL-1p ¢
conhecida por ter papel importante do desenvolvimento de doengas inflamatorias

graves,como também em doencas comuns, como a gota, a diabetes de tipo Il e o

cancro(KRAUSE et al., 2012).

Em pacientes com DHA, os niveis de IL-1p estdo significativamenteaumentados
no figado e no soro. A IL-1B ¢ produzida em resposta a ativacdo do NF-kB,
desempenhando papel critico no processo inflamatério induzido pelo 4lcool

(PETRASEK et al., 2012).
1.5.3IL-10

A interleucina 10 (IL-10) ¢ uma citocina anti-inflamatoria que controla a
producao de mediadores pré-inflamatorios e co-estimuladores criticos para o processo

inflamatério (MU et al., 2005). A IL-10 ¢ produzida por macréfagos, linfocitos e células
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macréfagos ou mondcitos ativados. Ademais, a IL-10 possui um efeito hepatoprotetor

na proliferagdo e fibrose (ZHANG & WANG, 2006).

Camundongos knockout para IL-10 que receberam alcoolapresentaram aumento
da condicdo inflamatoria hepatica e sistémica. Como também, a lesdo do figado
induzida pelo LPS foi mais acentuada em comparacdo com camundongos selvagens

(MILLER et al., 2011).
1.541L-17

A interleucina-17 ¢ uma citocina descrita como um produto principalmente de
células T, porém também expressas por eosinofilos, neutréfilos e mondcitos. AIL-17
estimula células hepdaticas ndo parenquimatosas a produzir citocinas e quimiocinas pro-
inflamatoérias, semelhante ao TNF-a, porém em menor intensidade. Além disso, o IL-17

pode atuar com outras citocinasna ativacdo do NF-kB (LAFDIL et al., 2010).

Tem sido demonstrado que pacientes com DHAapresentam niveis plasmaticos

mais elevados de IL-17 em comparacdo com individuos sauddveis (LEMMERS et al.,

2009).
1.5.5 IFN-y

Os interferons sdao uma familia de proteinas que influenciam uma ampla
variedade de respostas bioldgicas, incluindo protecdo contra infecgdes virais e
bacterianas, efeitos anti-tumorais e regulagdo de células efetoras em ambas as respostas
imune inata e adaptativa. Secretado principalmente por células T e células Natural
Killer e, em menor grau, por outros tipos celulares tais como macrofagos, células

dendriticas e células B, o IFN-y modulaa resposta imune (POLLARD et al., 2013).

No entanto, embora a sinalizacdo do IFN-y seja critica para a geracao de fungdes
efetoras contra células tumoraise eliminacdo de microrganismos patogénicos, a
sinalizacdo tem de ser cuidadosamente regulada para evitar inflamacdo excessiva e

doengas autoimunes como o lupus eritematoso sistémico (LARKIN et al., 2013).

Dessa forma, a ativagdo de macrdéfagos pelo IFN-y desempenha um papel

fundamental na progressdo da inflamacao, pela indugdo de fatores inflamatorios, tais
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lisso, o IFN-y amplifica as respostas celulares
induzidas por LPS (SCHRODER et al., 2004), sendo observado niveis circulantes
elevados do IFN-y em ratos que receberam alcool (MANDREKAR & SZABO, 2009).

1.5.6 TGF-B

O fator de crescimento transformante beta (TGF-B) ¢ uma superfamilia de
fatores secretados composta por mais de 30 membros. A sinalizagdo do TGF- regula
diversos processos celulares, incluindo a proliferacdo celular, diferenciagdo, apoptosee a

migracdo (WEISS& ATTISANO, 2013).

Além do seu papel fisiologico, o TGF-f ¢ um regulador centralde variasdoencas
hepaticas cronicascontribuindo para todas as fases de sua progressdo. Niveis elevados
de TGF-B aumentama morte de hepatocitos como tambémativa células estreladas
hepaticas a se diferenciar em fibroblastos, resultando em uma resposta de cicatrizagdo,

pela producdo de colageno e deposi¢ao de matriz extracelular (Zhang, et al., 2014).

Ciuclane colaboradores(2010) demonstraram que a ativacdo do TGF-f pelo
alcool promoveu esteatose e dano a hepatdcitos. Estudos comprovam o envolvimento da
sinalizacdo fibrogénica do TGF- na lesdo hepatica induzida pelo alcool (GERJEVIC et
al., 2012; SIEGMUND et al., 2005).

1.6 Enzimas
1.6.1 AMPK

A proteina quinase ativada por AMP (AMPK) ¢ umaquinaseserina / treonina,
que funciona como um sensor central doestadoenergético da célula (HARDIE, 2011). O
AMPK ¢ ativado pelaexaustdo de adenosina trifosfato (ATP), o que provoca um
aumento da razdo AMP (adenosina monofosfato) / ATP. Uma vez ativado, o AMPK
ativa vias catabolicas para produzir ATP, enquanto, simultaneamente, encerraprocessos

anabdlicos consumidores de energia (LEE & KIM, 2013).

Um papel importante da sinalizagdo do AMPK ¢ responder as exigéncias
metabolicas ou ainda, estimular a produg¢do de energia, incluindo o catabolismo de
glicose e de lipidios ou inibindo vias que consomem energia, como a sintese de

proteinas, acidos graxos e colesterol. Atividade diminuida do AMPK pode induzir a
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nto da sindrome metabolica, incluindo a obesidade,

a diabetes ¢ as doencas cardiovasculares (STEINBERG&KEMP, 2009).

Ha uma extensa literatura que descreve como a ativacdo do AMPK pode inibir a
resposta inflamatoria induzida por diferentes insultos estimulantes enquanto que um
decréscimo na sua atividade estd associado com o aumento da inflamagdo. Varios
estudos tém demonstrado que a ativacdo do AMPK pelo AICAR (andlogo sintético e
indutor do AMPK) pode inibir, por exemplo, a doenca inflamatoria intestinal (BAI et
al., 2010),a inflamag¢do na fibrose cistica (MYERBURG et al., 2010), e a inflamacao
pulmonar (HOOGENDIJK et al., 2013).Além disso, tem sido constatado, que o AMPK
pode suprimir a ativagdo doNF-kB e sua sinaliza¢do pré-inflamatoria, como também a

COX-2 (GUO et al., 2014; SALMINEN et al., 2011; YI et al., 2011).

1.6.2 COX-2

A ciclooxigenase ¢ uma enzima que possui duas isoformas a ciclooxigenase-1
(COX-1) e a ciclooxigenase-2 (COX-2). A COX-1 ¢ expressa constitutivamente em
diversos tecidos, catalisando prostaglandinas que medeiam fungdes fisioldgicas tais
como a citoproteccdo da mucosa gastrica, a regulagdo do fluxo sanguineo renal e a

agregacao de plaquetas (ZARGHI & ARFAEI, 2011).

A COX-2 ¢ uma enzima citoplasmatica que catalisa a conversdo do acido
araquidonico em prostaglandinas e tromboxanos. Um de seus produtos principais, a
prostaglandina E2 (PGE;) ¢ um importante mediador inflamatorio, participando de
processos biolégicos diversos, incluindo o desenvolvimento da dor, imunidade,

angiogénese e cancer (STASINOPOULOS et al., 2013).

Presente em pequenas concentracdes em condigdes basais na maioria dos tecidos
normais, a COX-2 tem sua expressdo ¢ rapidamente induzida por estimulos, tais como
as citocinas pro-inflamatorias (IL-1P, TNF-a), lipopolissacarideos, fatores de
crescimento (fator de crescimento de fibroblastos, FGF, o fator de crescimento derivado
de plaquetas, PDGF), hormonios (hormdnio luteinizante, LH) e fatores de transcrigao
(NF-kB) resultando num aumento da sintese de prostaglandinas em tecidos inflamados e

neoplasicos (LEE et al., 2011; ZARGHI & ARFAEI, 2011).

1.6.3 INOS
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duas primeirasisoformas sdo constitutivas e existem na forma de proteinas pré-formadas
que produzem uma pequena quantidade de NO apos a elevacdo da concentracdo de
calcio intracelular, enquanto que a terceira pode produzir uma grande quantidade de
NO. Devido a grande diferenca na quantidade de NO produzido, tem sido geralmente
assumido que a nNOS e eNOS sdo criticas para fisiologia normal, enquanto que a iNOS

estd associada com a lesdo e o processo inflamatorio (KOBAY ASHI, 2010).

Expressa em diversos tipos celulares, tais como macrofagos, neutrédfilos, células
endoteliais e epiteliais, a INOS¢ ativadaem processos inflamatorios em resposta ao LPS
e citocinas (TNFa e IFN-y), como também por fatores de transcricdo como o NF-kB,

Stat-1 e AP-1 (GUO et al., 2012).

O o6xido nitrico produzido em elevadas concentracdes pela iINOS ¢ capaz de
promover danos ao DNA, levando a morte celular e efeitos toxicos (HUGHES et al,,
2009). Além disso, o NO produzido pela iNOS parece ter papel preponderante em
determinados processos inflamatérios, como o estudo de McKime colaboradores(2003)
que observaram a auséncia de inflamagdo em camundongos knockout para o gene da

iNOS em modelo de inflamag¢ao hepatica induzida por alcool.
1.7Dietilcarbamazina

A dietilcarbamazina (DEC) ¢ um derivado da piperazina sintetizada como 1-
dietilcarbamil-4-metilpiperazina e preparada na forma de cloridrato, citrato ou fosfato
(Figura 8). A partir de 1950, foi distribuida como sal citratado por inimeras companhias
farmacéuticas sob diferentes nomes, como Hetrazan, Banocide, Caricide, Carbilazine,
entre outros. E um p6 branco, muito solivel em 4gua, estdvel, mesmo em condigdes de
umidade e temperatura muito elevadas, e resiste, inclusive, a autoclavagem. A
denominagdo dietilcarbamazina genericamente se refere a sua forma citratada, uma vez

que ¢ mais comumente utilizada (DREYER & NOROES, 1997).


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
ps use period has ended. 33
B 3 CO m p I ete Thank you for using
PDF Complete.
Click Here to upgr:
Unlimited Pages al

s, o
/j O§H HDOC%CDOH
\C

Figura 8. Citrato de dietilcarbamazina (WEAVER et al., 2011).

A DEC ¢ rapidamente absorvida pelo trato gastrointestinal e atinge o pico da sua
concentragdo plasmatica entre uma e trés horas ap6s a ingestdo e estd quase ausente na
urina, plasma e saliva de humanos apds 24h da ingestdo (ILONDUet al.,2000). Horii
eAoki (1997) descreveram o nivel plasmatico de DEC em ratos ap6s a administra¢ao de
200mg/kg, registrando valores de 30ug/ml apds 30-60 min da inje¢do, decrescendo
rapidamente para 1,5 pg/ml apds 4h e atingindo 0,1pg/ml ap6s 8h do tratamento.

Devido a sua a¢do microfilaricida eficaz e macrofilaricida parcialmente eficaz
(PEIXOTO & SILVA, 2014), a DEC ¢ utilizada como tratamento padrdo para filariose
linfatica desde meados de 1940. Sendo o regime de tratamento recomendado

consistindo de um curso de 12 dias de tratamento com DEC (OTTESEN et al., 2008).

Apesar de mais de 50 anos de uso, o seu mecanismo de agdo exato ainda nao
estd claro (MCGARRY et al, 2005). No entanto, sabe-se que ela interfere no
metabolismo do acido araquidonico, o que lhe confere propriedades anti-inflamatorias
devido sua interferéncia com as vias da ciclooxigenase (COX) e lipoxigenase (LOX)

(PEIXOTO & SILVA, 2014).

Recentemente, estudos realizados em colaboracdo com o nosso laboratdrio
demonstraram que a DEC tem importante acdo no bloqueio da inflamagdo eosinofilica
pulmonar em camundongos sensibilizados com ovalbumina. A DEC bloqueia a
hiperreatividade pulmonar, a produgdo de citocinas e o acimulo de eosinéfilos, bem
como a eosinofilopoiesein vivo e in vitro através de mecanismos iNOS/CD95 (QUETO
et al., 2010).

Além disso, resultados obtidos em nosso laboratério, indicam que a DEC atua

reduzindo os niveis de mediadores inflamatorios em modelo de inflamagdo pulmonar
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1.8 Celecoxibe

Os anti-inflamatorios ndo esteroides (AINEs) sdo amplamente utilizados para o
tratamento sintomatico de doencas inflamatérias agudas e cronicas e dor. Os efeitos
anti-inflamatorios e analgésicos e também efeitos antitumorais baseiam-se na inibigao
das enzimas ciclooxigenase (COX), que convertem o 4cido araquidonico a

prostaglandinas (POUNTOS & GIANNOUDIS, 2011).

Essa classe heterogénea de farmacos inclui a aspirina e varios outros agentes
inibidores da ciclooxigenase (COX), seletivos ou nao. Os AINEs ndo seletivos sdo os

mais antigos, e designados como tradicionais ou convencionais. Os AINEs seletivos

para a COX-2 sdo designados COXIBEs (BATLOUNI, 2009).

CH,
0
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-/ T
F.c” N O

Figura 9. Estrutura do Celecoxibe(KUCUKGUZEL et al., 2013).

Pertencente a classe dos AINES, ocelecoxibe foi o primeiro inibidor seletivo da
ciclooxigenase 2 lancado no mundo e também no Brasil (1999). Além de anti-
inflamatorio, possui agdes analgésica e antipirética. Mais recentemente, o celecoxibe
tem sido associado na reducgdo de alguns tumores (BIENIEK et al., 2014; CHU et al.,
2014; LIU et al., 2014). Como todos os AINEs, seu mecanismo de agado ¢ realizado em
relagdo a biossintese de prostaglandinas (PGs) tanto in vivo como in vitro, porém sua
caracteristica distintiva ¢ a atividade bloqueadora ou inibitoria seletiva sobre a enzima
cicloxigenase-2 (COX-2), sem afetar a cicloxigenase-1 (COX-1) (KUCUKGUZEL et
al., 2013).
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O acido prrrolidinaditiocarbamato de amonio (PDTC) € um sal cristalino branco,

de Amdnio

com o ponto de fusdo de 144-155 °C, de baixa toxicidade, e soluvel em agua (18,9

/100 ml a 20 °C) (LIAO et al., 2011).

SNH4
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Figura 10. Estrutura do PDTC (LIAO et al., 2011).

Os ditiocarbamatos sdo compostos quelantes de metais, além de potentes
antioxidantes (FUJIHARA et al, 2007; SONG et al, 2011). O PDTC tem sido
amplamente utilizado como potente inibidor do NF-kB. O mecanismo exato pelo qual o
PDTC exerce esse efeito,ainda ndo esta claro. As hipoteses mais aceitas ¢ que o PDTC
poderia impedir diretamente a degradacdo da subunidadelkB ou ainda,poderia atuar
através das suas propriedades antioxidantes, inibindo o conhecido efeito estimulante do

estresseoxidativosobre o NF-kB(ZHAI et al., 2012).

Hagar (2009) observou a reducdo de marcadores inflamatérios e do estresse
oxidativo induzido pelo LPS em figado de ratos. Assim, a inibi¢do especificado NF-kB,
além dos efeitos de antioxidantes dos ditiocarbamatos, sugere que estes agentes possam
oferecer beneficios terapéuticos em condi¢des inflamatorias agudas e cronicas em que a

ativagdo do NF-kB, desempenha um papel importante(CUZZOCREA et al., 2002).
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Alcoholic liver disease (ALD) is a major cause of chronic liver disease
worldwide. Diethylcarbamazine (DEC) is a drug that has anti-inflammatory properties
due to its effects on the metabolism of arachidonic acid. Thus, the present study
examined the anti-inflammatory effects of DEC on the mechanisms of ALD.Mice were
divided into seven groups: 1 ) control, 2 ) DEC 50 mg/kg , 3 ) alcohol, 4 ) alcohol +
DEC 50 mg/kg , 5 ) alcohol + celecoxib 50mg/kg 6 ) PDTC 100mg/kg and 7 ) PDTC
100mg/kg + DEC 50mg/kg. Liver fragments were stained with HE and Sirius red, and
processed for immunofluorescence, western blot and immunohistochemistry.
Furthermore, serum was collected for biochemical measurements and ELISA assay.
Alcohol induced liver damage, elevation in collagen content and increased expression of
NF-«B and inflammatory markers (TNF-a, [FN-y, IL- 1B, iNOS, COX-2 and TGF-f).
Treatment with DEC was able to reduce liver damage and the collagen content, the NF-
kB and inflammatory markers expression, ameliorated biochemistry parameters (total
cholesterol, HDL cholesterol, triglyceride content and aspartate aminotransferase) and
elevate the hepatic glutathione reductase activity beyond increase the expression of anti-
inflammatory markers (p-AMPK and IL -10). Future clinical trials may demonstrate
that oral administration of DEC may be suitable for the treatment of ALD as other liver

diseases.

Keywords: Alcoholic liver disease, diethylcarbamazine, NF-kB, inflammation, alcohol
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Alcoholic liver disease (ALD) represents a spectrum of clinical symptoms and
morphological alterations ranging from simple steatosis to more severe forms of liver
injury, including alcoholic hepatitis and cirrhosis (Tome and Lucey, 2004). Its
mechanism has not been completely elucidated, but studies indicate that the metabolism
of ethanol is associated with oxidative stress, the depletion of glutathione and the
subsequent activation of the innate immune system by several factors, such as LPS.
Complement and reactive oxygen species play a key role in the initiation and

progression of ALD (Bruha et al., 2012; Gao et al., 2011; Gao and Bataller, 2011).

The severity and prognosis of ALD depends on the amount, pattern and duration
of alcohol consumption. However, excessive and chronic alcohol intake can lead to liver
damage due to the persistent inflammatory stimulus and the potentiation of other liver
diseases, including chronic viral hepatitis and nonalcoholic fatty liver disease
(NAFLD). Few advances have been made in relation to ALD and medical treatment for

ALD has not changed significantly in 40 years (Orman et al., 2013).

The nuclear factor kappa B (NF-kB) is a protein family composed of five
members in mammals: p65 (RelA); RelB; c-Rel; p50/p105 (NF-kB1) and p52/p100
(NF-xB2). They exist in unstimulated cells as homodimers or heterodimers bonded to
the inhibitory kappa B protein family (IkBa, IkBp, IxBe, IkB( and BCL-3) (Hayden and
Ghosh, 2012). The activation of the signaling cascade of NF-«xB results in the complete
degradation of IxB, allowing the translocation of NF-kB to the nucleus, where it induces
the transcription of more than 400 genes involved in immunoregulation, growth

regulation, inflammation, carcinogenesis and apoptosis (Ahn and Aggarwal, 2005).
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o the liver, contributing to the increased levels of
LPS found in patients with ALD. This LPS binds to the TLR4 receptor in Kupffer cells,
activating NF-xB, which leads to the production of proinflammatory cytokines and

hepatic injuries (Gramenzi et al., 2006; Rao, 2009).

Nitric oxide (NO) is produced enzymatically and plays an important role in
various physiological and inflammatory processes. NO is synthesized from L-arginine
by one of three isoforms of the enzyme NO synthase (NOS) (Abramson, 2008). In
response to pro-inflammatory cytokines such as TNF-a, IFNy and lipopolysaccharide,
inducible nitric oxide synthase (iNOS) produces nitric oxide which mediates the cell-
damaging and toxic effects that contribute to DNA damage (Hiroi et al., 2013; Dhillon

et al., 2014).

Diethylcarbamazine (DEC) is a piperazine derivative (Sanchez Bruni et al.,
2006). Due to its effective microfilaricidal action, DEC has been used in the treatment
and control of lymphatic filariasis since 1947 (Molyneux et al., 2003). Despite more
than 50 years of use, its exact mechanism of action remains unclear (McGarry et al.,
2005). However, it is known to affect the metabolism of arachidonic acid and confer

anti-inflammatory properties (Maizels and Denham, 1992).

In addition, biochemical studies have demonstrated its inhibition of
cyclooxygenase and lipoxygenase pathways (Peixoto and Silva, 2014).
Cyclooxygenases (COX) are enzymes involved in the conversion of arachidonic acid to
prostaglandin H2, the precursor of various compounds which are important

inflammatory mediators (Mohammed, 2004). Recent studies in our laboratory have
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Celecoxib is a non-steroidal anti-inflammatory drug (NSAID). NSAIDs are
known as targets of COX in arachidonic acid metabolism and are indicated for the
treatment of inflammation, pain and inflammation-related disorders (Kiigiikgiizel et al.,
2013). A selective potent COX-2 inhibitor, celecoxib was the first cyclooxygenase-2

selective inhibitor (coxib) to be introduced into clinical practice(McCormack, 2011).

Pyrrolidinedithiocarbamate(PDTC) has been widely used as a potent and
specific inhibitor of NF-kB. The exact mechanism by which PDTC exerts this effect is
unclear. The most accepted hypothesis is that PDTC could directly prevent the
degradation of IkB sub-units or could also act through its antioxidant properties,
inhibiting the known stimulating effect of oxidative stress on NF-kB(Fujihara et al.,

2007).

The aim of the present study was to report the efficacy of treatment with DEC in
alcoholic liver disease, assessing its mechanism of action on the pathogenesis of ALD
through analysis with a COX inhibitor drug (celecoxib) and a specific inhibitor of NF-

B (PDTC).
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Animals

Sixty-two male C57BL/6 mice aged 5 weeks old, and weighting 15-17g, were
used in all experiments. The health status of the mice was examined and they were
acclimated to the laboratory environment of 23°C and a 12h light: 12h dark photoperiod.
The animals were housed in metal cages and fed with a standard diet and water ad
libitum. The animal studies Ethics Committee of the Oswaldo Cruz Institute approved

all the experiments reported.

Diethylcarbamazine solutions

The solutions were composed of distilled water and DEC (Farmanguinhos,
FIOCRUZ, Brazil) and adjusted according to the body weight of each animal. The
groups that were treated received 50 mg/kg of DEC for twelve days through gavage

(200 pl) (Saraiva et al., 20006).

Celecoxib solutions

The solutions were composed of distilled water and celecoxib (Pfizer Inc.,
Groton, CT, USA) and adjusted according to the body weight of each animal. The
groups that were treated received 50 mg/kg of celecoxib for eight days through gavage

(200 pl) (Ayalasomayajula and Kompella, 2003).

Pyrrolidinedithiocarbamate solutions

The solutions were composed of distilled water and PDTC (Sigma, St. Louis,

MO, USA) and adjusted according to the body weight of each animal. The groups that
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pyrrolidinedithiocarbamate for three weeks through

AVAE

Experimental groups

After a week of acclimation, 30-day old C57BL/6 mice were separated into
seven groups: 1) Control group (Cont) (n=10), which only received distilled water; 2)
DEC-treated group (DEC) (n=10), which received 50mg/kg DEC for twelve days by
gavage; 3) alcoholic group (EtOH) (n=10), which received ethanol; 4) alcoholic plus
50mg/kg DEC group (EtOH + DEC) (n=10), which received ethanol and 50mg/kg DEC
for twelve days by gavage; 5) alcoholic plus 50mg/kg celecoxib group (EtOH +
CELECO) (n=10), which received ethanol and 50mg/kg celecoxib for eight days by
gavage; 6) alcoholic plus 100mg/kg PDTC group (EtOH + PDTC) (n=6), which
received ethanol and 100mg/kg PDTC for three weeks by gavage; 7) alcoholic plus 100
mg/kg PDTC and 50 mg/kg DEC group (EtOH + PDTC + DEC), which received
ethanol, 100mg/kg PDTC for three weeks and 50mg/kg DEC by gavage. Ethanol was
provided in the drinking water at 10% (v/v) for 2 days, 15% for 5 days, 20% for 5
weeks and 25% for 1 week (Cook et al., 2004). According to Cook et al (2004), the
innate immune system of mice exhibits significant alterations after 3 weeks of 20%
ethanol consumption. The solutions were changed daily and the remaining liquid in the
bottles was measured in a graduated cylinder for final volume analysis and then
discarded. In the last 3 weeks of alcoholism induction, EtOH + PDTC and EtOH +
PDTC + DEC received the treatment with the PDTC solutions and DEC in the last
twelve days of the alcoholism induction. Treatment with celecoxib was also performed

in the last 8 days of the alcoholism induction.

Biochemical determinations
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's) and hepatic damage by testing the aspartate
aminotransferase  (AST). Serum concentrations were measured by the
spectrophotometer method in Integra 400— Roche. Data were compared by one way
ANOVA and Dunnett’s or Tukey’s tests, together with GraphPad Prism software,

version 6.01.

Histopathology

HE staining

Liver fragments were fixed in 10% formalin for 24 hours and then processed and
embedded in paraffin. Sections of 4-5um were cut and mounted on glass slides. Slices
were stained with hematoxylin-eosin and assessed by inverted microscopy (Observer
Z1, Zeiss Microlmaging GmbH), a camera and a 4.7.4 image analysis program

(AxionCamMRm Zeiss) at a magnification of 400x.

Sirius red staining

Liver fragments were fixed in 10% formalin for 24 hours and then processed and
embedded in paraffin. Sections of 2.5um were cut and mounted on glass slides. Slices
were stained with picrosirius red solution of 1%, rehydrated in water and stained with
Fast Green 0.1% solution in ethanol. They were then assessed by inverted microscopy
(Observer Z1, Zeiss Microlmaging GmbH), a camera and a 4.7.4 image analysis

program (AxionCamMRm Zeiss) at a magnification of 400x.

Hepatic glutathione reductase activity

Liver tissues were obtained and weighed. Each piece was homogenized using

the manufacturer's buffer (Abnova Corporation, Taipei, Taiwa, catalog number:
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olutathione reductase using the assay kit, following

the manufacturer’s instructions.

Immunohistochemical assays

Five sections (5 pm in thickness) of each group were cut and adhered to slides
treated with 3-amino-propyl-trietoxi-silane (Sigma, St. Louis, MO, USA). Then, the
immunohistochemical assays were performed according to the methodology of Ribeito
et al 2014. The antibodies used were: anti-IL-1f antibody (Abcam, Canada/US, catalog
number: ab9722, 1:100), anti-IL-17 (SantaCruz Biotechnology, SantaCruz, CA, USA,
catalog number: sc-7927, 1:50), anti-IL-10 (Abcam, Canada/US, catalog number:
ab33471, 1:50), anti-iNOS (Abcam, Canada/US, catalog number: ab3523, 1:250), anti-
COX-2 (Abcam, Canada/US, catalog number: ab15191, 1:400) and TGF- (Abcam,

Canada/US, catalog number: ab66043, 1:100).

Immunofluorescence

The samples were fixed with 4% paraformaldehyde in 0.1% phosphate buffer
and stored at -80 ° C. Subsequently, sections were obtained on a cryostat and incubated
for 2h with the rabbit polyclonal antibody against anti-p-NF-kB (Abcam, Canada/US,
catalog number: ab97726, 1:100) and then diluted in 0.05 M phosphate buffer
containing 1% BSA. The samples were then incubated for 45 minutes with secondary
antibody conjugated to Cy3 (Jackson, catalog number 705-165-147) against rabbit
immunoglobulin (Sigma—Aldrich, catalog number F6257, 1:200). The slides were
observed with an inverted fluorescence microscope (Zeiss Microlmaging GmbH),

equipped with a camera (Zeiss AxioCam MRM) and Release 4.7.2 image analysis
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tasband, NIH, Bethesda, MD).

Western blot

Livers were quickly dissected and then homogenized in a Wheaton Overhead
Stirrer (no. 903475) using an extraction cocktail of 10mM Ethylenediaminetetraacetic
acid (EDTA), 2mM phenylmethylsulfonyl fluoride (PMSF), 100mM sodium fluoride,
10mM sodium pyrophosphate, 10mM sodium orthovanadate (NaVO4), 10mg of
aprotinin and 100mM Tris(hydroxymethyl) aminomethane (pH 7.4). Homogenates
were centrifuged at 3000 xg for 10 minutes and the supernatant was collected and stored
at -70° C until use for immunoblotting. Protein levels were determined using the
Bradford method, with bovine serum albumin as the standard (Bradford, 1970). The
proteins (40 mg) were separated to 12% or 14% sodium dodecyl sulfate—polyacrylamide
by gel electrophoresis, under reduced conditions, and were electrophoretically
transferred onto the nitrocellulose membrane (Bio Rad, CA, USA, Ref. 162-0115).
After blocking overnight 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 3 hours, with rabbit or mouse polyclonal antibody against TNF-a
(1:1000 dilution; PrepoTech, London, UK), IL-17 (1:1000 dilution, Abcam, CA, USA),
IFN-y (1:1000 dilution, Abcam, CA, USA), TGF-B (1:1000 dilution, Santa Cruz
Biotechnology, CA, USA), iNOS (1:1000 dilution; BD Transduction Laboratories,
USA), ERK 1/2 (1:1000 dilution, Santa Cruz Biotechnology, CA, USA), p-ERK 1/2
(1:1000 dilution, Santa Cruz Biotechnology, CA, USA), IkB-a (1:1000 dilution, Santa
Cruz Biotechnology, CA, USA), NF-«B (1:250 dilution, Abcam, CA, USA), p-NF-xB
(1:250 dilution, Abcam, CA, USA), AMPK (1:1000 dilution, Abcam, CA, USA), p-

AMPK (1:1000 dilution, Cell Signaling Technology, MA, USA) and IL-10 (1:1000
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1 in buffer solution TBS-T containing 3% non-fat

min each) in TBS-T, the membranes were further
reacted with horseradish peroxidase-conjugated anti-rabbit or anti-mouse secondary
antibody (1:80000 (Ref. A6154) at 1:5000 (Ref. A5420) dilution, respectively (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
visualize the labeled protein bands 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 Image J 1.38 software. For each protein investigated, the
results were confirmed in three sets of experiments. Immunoblot for B-actin (1:1000

dilutions, Sigma, USA) was carried out as a control for the above protein blots.

Statistical analysis

GraphPad Prism software, version 6.01 was used for the statistical analysis. Data
were expressed as mean + standard deviation. Differences between the control and
treated groups were analyzed using analysis of variance (ANOVA) and one of
Dunnett’s test, Tukey’s test or the T-test as a post hoc test. Probability values less than

0.05 were considered significant.
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DEC reduces liver-to-body weight ratio

There was no significant difference in the body weight of mice between the
groups (data not shown). Liver weight was the parameter that varied. There was a
significant increase in the ratio of the alcoholic group (EtOH) relative to the control
group. This increase was significantly reduced in the EtOH + DEC and EtOH + Celeco

groups (Figure 1).

DEC improves the lipid profile and reduces AST level

In the analysis of the lipid profile, the DEC and control groups exhibited similar
results. However, the EtOH + DEC and EtOH + Celeco groups exhibited a reduction in
the total cholesterol and triglyceride content when compared with the EtOH group.
Interestingly, the EtOH + DEC group exhibited significantly higher levels of HDL
cholesterol. The marker of liver injury, AST, had an increase of more than three fold in
the EtOH group (Figure 2D), when compared with the control group, which was

significantly reduced in the EtOH+ DEC and EtOH + Celeco groups.

Dec restore restores the standard hepatic morphology

Histological analysis of the control group confirmed standard hepatic
morphology (Figure 3A). A similar histological pattern was observed after 12 days of

treatment with DEC (Figure 3B).

In the group of animals exposed to alcohol, various histological characteristics
of persistent inflammation were observed. There were alterations in the arrangement of

hepatic lobules, with dilatation of centrilobular veins. In addition, steatosis and
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sis were also observed (Figure 3C).

In the histology of the EtOH + DEC group, there was a reduction in all of the
histological alterations observed in the alcoholic group. There was a noticeable decrease
in steatosis and in the areas of necrosis. Furthermore, the inflammatory infiltrate was
reduced and the hepatocytes returned to the cord morphology. There was an
improvement in the arrangement of the hepatic lobules and in the morphology of the

centrilobular veins (Figure 3D).

The EtOH + CELECO group also exhibited a reduction in the histological
alterations observed in the alcoholic group, particularly in the reduction of inflammatory
infiltrates and areas of necrosis. However, hemorrhagic regions and severe steatosis

were frequently observed in this group (Figure 3E).

DEC reduces the collagen fiber content

During the assessment of collagen content by Sirius red staining, the control and
DEC groups exhibited little staining of collagen fibers, which was restricted to the

periphery of the centrilobular veins (Figures 4A and 4B).

The EtOH group exhibited markedly red staining, indicating a high presence of
collagen fibers near the centrilobular veins and sinusoids (Figure 4C). In the EtOH +
DEC group, there was a significant reduction of red staining with a marked

improvement in the morphological aspect (Figure 4D).

The EtOH + Celeco group exhibited a small reduction in collagen fibers and the
collagen staining remained high in centrilobular regions. Thus, although there was a

statistically significant reduction when compared with the EtOH group (Figure 4F), the
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was more efficient in reducing the collagen content

o

when compared with the celecoxib treatment.

DEC increases the activity of glutathione reductase

In the assessment of glutathione reductase activity, the DEC group showed a
significant increase in enzyme activity when compared with the other groups. The EtOH
group showed a reduction of enzyme activity, although the groups treated with DEC
and celecoxib exhibited a recovery of enzyme activity in relation to the alcoholic group

(Figure 5).

DEC reduces p-NF-kB expression

Immunofluorescence analysis for p-NF-«B revealed physiological expression
mainly in the cytoplasm of liver cells in the control and DEC groups (Figures 6A and
6B). However, the EtOH group exhibited a significant increase in the phosphorylated
form of NF-«B, located both in the cytoplasm and in the nucleus of hepatic cells, where

there was double staining with DAPI, a nuclear marker (Figure 6C).

Treatment with DEC (EtOH + DEC) significantly reduced p-NF-«kB labeling,
with minimal labeling in the nucleus, which was almost restricted to the cytoplasm
(Figure 6D). The celecoxib group also significantly reduced the labeling of p-NF-«xB,
although it remained high with the transcription factor remaining in the cell nucleus

(Figure 6E).

DEC reduces inflammatory markers
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mice in the EtOH group demonstrated elevated

ment with DEC and celecoxib reduced this staining

significantly (Figures 7B and 7C).

Liver tissue sections from mice in the alcoholic group showed positive staining
for IL-17 (Figure 7E) and TGF-f (Figure 7U) cytokines, especially in perilobular areas,
which were reduced with DEC treatment (Figures 7F and 7V). Celecoxib treatment was
only able to reduce TGF-f positive staining (Figures 7G and 7W). These results are in
accordance with the western blot analysis, in which DEC reduced the expression of IL-

17 and TGF-f (Figures 8C and 8E).

The liver fragments obtained from the EtOH group revealed positive staining for
iINOS and COX-2 enzymes (Figures 7M and 7Q). DEC and celecoxib treatment
significantly reduced the specific immunolabeling of both enzymes (Figures 7N, 70, 7R
and 7S). Similar results were obtained in the western blot analysis, in which DEC

treatment reduced the liver iNOS expression (Figure 8D).

In the western blot analysis, the EtOH group exhibited an elevated expression of
TNF-a (Figure 8A) and IFN-y (Figure 8B) when compared with the control group. The
treatment with DEC reduced the expression of both cytokines. Celecoxib treatment only

reduced TNF-a expression significantly.

The western blot analysis showed no significant changes in ERK 1/2 expression
between the groups (Figure 8F). On the other hand, the EtOH group showed elevated p-
ERK 1/2 expression (Figure 8G) when compared with the control group. The treatment

with DEC and celecoxib reduced ERK 1/2 phosphorylation.

Similar to ERK 1/2, no significant changes were observed in NF-kB expression

(Figure 9A) between groups. However, the EtOH group exhibited a high expression of
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d with the control group. PDTC, a specific inhibitor

he reduction of p-NF-kB expression. Thus, DEC
treatment reduced p-NF-xB expression similarly to PDTC, which was even lower when
the two drugs were associated. Celecoxib was not effective in reducing the expression

of the phosphorylated form of NF-kB.

Furthermore, a reduction in the expression of the NF-kB inhibitory protein IkB-a
(Figure 9C) was observed in the alcoholic group, when compared with the control
animals. DEC and celecoxib treatments significantly increased IxB-a expression, when
compared with the EtOH group. The association of PDTC and DEC induced a
significant elevation of IkB-a expression even when compared with the EtOH + DEC
group. The results obtained in the NF-kB and IxB-a analysis suggest that DEC acts as a

selective inhibitor of NF-kB.

DEC increases anti-inflammatory markers

Liver fragments in the EtOH group revealed low staining for the anti-
inflammatory cytokine IL-10 (Figure 7I). In contrast, treatment with DEC and celecoxib
induced elevated positive staining throughout liver stroma (Figures 7J and 7K). Similar
results were observed in the western blot analysis, in which the EtOH group exhibited
very low IL-10 expression (Figure 10C) when compared with the control group. This

expression was elevated in the EtOH + DEC and EtOH + Celeco groups.

The AMP-activated protein kinases (AMPK) exhibited no significant differences
between the groups in the western blot analysis (Figure 10A). Nevertheless, the
phosphorylate form of AMPK was significantly reduced in the alcoholic group when

compared with the control animals (Figure 10B). DEC and celecoxib treatments were
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Even with the profound economic and health impact of ALD, little progress has
been achieved in the treatment of patients in advanced stages. Since its pathogenesis is
poorly understood, there are no modern diagnostic tools available to assess an
individual’s susceptibility to the development of ALD. As a result, no drug has been
successfully developed to treat ALD since the 1970s, when the use of corticosteroids

was suggested for the treatment of severe alcoholic hepatitis (Gao and Bataller, 2011).

The aim of the present study was to assess the efficacy of treatment for 12 days
with DEC in alcoholic liver disease. The first parameter assessed was alterations in the
ratio of liver mass relative to the body weight of the mice. As the body weight of the
animals did not change, it was observed that the livers of animals in the EtOH group
increased in weight, consequently increasing the body-to-liver ratio, which was reduced
after treatment with DEC. In addition, through biochemical assessment, DEC was able
to improve the lipid profile by reducing the content of triglycerides and cholesterol, and

increasing HDL. In addition, DEC also reduced AST, a marker of liver injuries.

The chronic inflammatory process is directly associated with the pathogenesis of
ALD. Elevated circulating levels of TNF-a, IL-1p and IFN-y are consistently observed
in the livers of rats fed with alcohol (Mandrekar and Szabo, 2009) and in patients with
ALD (McClain et al., 2002). A recently identified proinflammatory cytokine, IL-17,

was also found in the circulation and liver of ALD patients (Lemmers et al., 2009).

The activation of macrophages by IFN-y plays a fundamental role in the
progression of inflammation by upregulatingproinflammatory factors such as TNF-a
and inducible nitric oxide synthase (iNOS) (Miihl and Pfeilschifter, 2003). IFN-y

receptor knockout mice are highly resistant to LPS-induced toxicity, since IFN-y
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analysis of the present study, DEC was able to

reduce IFN-y, IL-1p, IL-17 and TNF-a, when compared with the EtOH group.

Continued alcohol consumption leads to increased intestinal permeability to
endotoxins, especially LPS. These lipopolysaccharides bind Kupffer cells through the
CD14 receptor, which activates the transcription factor NF-kB, causing an exacerbated
transcription of pro-inflammatory cytokines such as TNF- a, IL-6 and TGF-f (Gramenzi

et al., 2006; Rao, 2009).

DEC efficiently reduced the p-NF-xB expression in ALD, both in the
immunofluorescence and the western blot assays. In order to determine the specificity
of the p-NF-«xB inhibition, PDTC was used to compare the results. The EtOH + DEC
group was able to decrease the expression of p-NF-kB, which was significantly similar
to that observed in the PDTC group. Moreover, the association of DEC and PDTC

induced a synergism of results, indicating a specific inhibition.

Furthermore, DEC was able to increase the expression of the inhibitory protein
of NF-kB, IkB-a, which was significantly decreased in the EtOH group. The association
of DEC and PDTC induced a higher IxB-a expression, confirming the DEC can act as
an inhibitor of NF-xB, as confirmed in the western blot and immunofluorescence
analysis. These data suggest that DEC can act as a direct inhibitor of NF-kB by

inhibiting its expression or by increasing the expression of its inhibitory molecule.

Non-steroidal anti-inflammatory drugs (NSAIDSs) are known for their effective
inhibition of cyclooxygenase activity (Pountos and Giannoudis, 2011). However, many
studies have shown that certain NSAIDs can exert their effects through other pathways,

especially the NF-kB signaling cascade (Smartt et al., 2003; Tegeder et al., 2001;
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ndac inhibiting NF-xB activation (Li et al., 2013;
Muller et al., 2001). Similarly, DEC modulated the inflammatory process by interfering

in the NF-xB signaling pathway.

Transforming growth factor-p (TGF-f) is a central regulator in chronic liver
diseases, participating in all stages of disease progression. Hepatic stellate cells (HSCs)
are the primary target for active TGF-f, contributing mainly with fibrogenesis(Dooley
and ten Dijke, 2012). Additionally, TGF-B has been shown to induce hepatocyte
apoptosis via the increased expression of the pro-apoptotic protein BIM (Ramesh et al.,
2008). As well as the reduction in collagen fiber content, DEC treatment reduced TGF-f3
expression, when compared with the EtOH group. This indicates that DEC has an anti-

fibrotic action.

Mckim et al (2003) studied knockout mice for iNOS and observed that nitric
oxide released by iNOS is required for the initiation of alcohol-induced liver injuries.
Specific iNOS inhibitors have been shown to exert beneficial anti-inflammatory effects
in models of chronic inflammation (Hesslinger et al., 2009). The activity of COX-2 and
its synthesis products actively participates in the pathogenesis of alcoholic liver disease,
contributing to hepatic steatosis and fibrosis, while also affecting the metabolism of
fatty saccharides and proteins, promoting oxidative stress and facilitating the release of

cytokines (Cao et al., 2008).

Moreover, NF-kB coordinates the expressions of iNOS and COX-2 during the
inflammatory processes (Yoon et al., 2009). The results of the present study confirmed
elevated labeling in the alcoholic group for iNOS and COX-2 enzymes, as well as an

increase in iNOS expression when compared with the control group in the western blot
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accordance with the inhibitory action of DEC on nuclear factor kappa B expression.

ERK activity has been associated with classical markers of apoptosis, such as
caspase-3 activation, DNA condensation or DNA fragmentation (Cagnol and
Chambard, 2010). Aroor et al (2012) demonstrated the correlation between the
augmentation of liver injuries and increased phosphorylation of ERK 1/2 in a model of
chronic oral administration of ethanol. This interaction is clinically relevant since ERK
1/2 activation has been observed in human alcoholic liver disease (Nguyen and Gao,
2002). The results of the present study confirmed an increase of ERK 1/2
phosphorylation in the alcoholic group, which correlates with the areas of cellular death
observed in the histology of tissue sections. DEC was able to reduce the expression of

p-ERK 1/2, suggesting some interference in its apoptotic signaling pathway.

Chronic alcohol consumption can inhibit AMPK in the liver, and this
mechanism appears to play a key role in the development of steatosis and the
progression of inflammation (Sid et al., 2013). In addition, it has been reported that
AMPK can suppress the activation of NF-kB and iNOS and their pro-inflammatory

signaling (Li and McCullough, 2010).

Inflammation and endotoxemia/bacteremia promotes the up-regulation of IL-10
production. In the liver, IL-10 has been observed within hepatocytes, sinusoidal
endothelial cells, Kupffer cells and hepatic stellate cells. Among the anti-inflammatory
effects, IL-10 reduces TNF-alpha and IFN-gamma mRNA expression, as well as serum
concentration, in addition to controlling TGF-B secretion and regulating hepatic

injuriesZhang; Wang (2006).
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elevate the expression of the anti-inflammatory

tingly, DEC enhanced IL-10 levels almost ten-fold,

when compared with the alcoholic group.

The findings of the present study suggest a beneficial effect of DEC in the
intricate mechanism of alcoholic liver disease. DEC was shown to be a promising drug
in the treatment of inflammatory disorders, particularly ALD, especially in terms of the

inhibition of transcription factor NF-«xB.
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tver mass relative to the body weight of mice. The
results are expressed as the means + s.e.m of ten mice in each group *P<0.05 vs. EtOH;

+P<0.05 vs. CONT.

Figure 2 - Biochemical parameters: A — Total cholesterol; B — HDL cholesterol; C —
triglyceride content; D - aspartate aminotransferase (AST). The results are expressed as

the means + s.e.m of six mice in each group. *P<0.05 vs. EtOH; P<0.05 vs. CONT.

Figure 3 - Histological analysis of liver fragments (magnification: x400) in HE
staining: A — control group showing the pattern of liver morphology; B — DEC group
showing standard morphology; C, D, E - the EtOH group exhibited dilated centrilobular
veins, significant inflammatory infiltrate, massive steatosis and areas of necrosis; F -
EtOH + DEC restored the default architecture of the liver, with a reduction in the
inflammatory infiltrate and steatosis; G,H — EtOH + CELECO group also restored the
pattern of liver morphology and reduced inflammatory infiltrate, however showed
hemorrhagic foci and steatosis. Legend: C — centrilobular vein; H — hepatocyte; HF —
hemorrhagic focus; IF — inflammatory infiltrate; NC — necrosis areas; S — sinusoid; ST —

steatosis. Bar = 50um.

Figure 4 - Assessment of the content of collagen fibers by Sirius red staining: A-
control group showing the physiological content of the collagen fibers; B — DEC group

showing no alterations compared to the control; C — EtOH group showing high labeling
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C group showing a significant reduction in staining

f the tissue; E — EtOh + CELECO group showing
elevated Sirius red staining. Quantification (five arbitrarily selected areas per animal)
was performed using GIMP 2 image analysis software (F), n = 4 animals/group. The
results are expressed as the mean + s.e.m. *P<0.05 vs. EtOH; 1P<0.05 vs. CONT. Bar =

50 pm.

Figure 5 - Assessment of glutathione reductase activity. The DEC group exhibited an
expressive increase in enzyme activity. Unit definition (U): one unit is defined as the
amount of enzymes that generates 1.0 pmol of 5-thionitrobenzoic acid (TNB) per
minute at 25°C. The results are expressed as the means + s.e.m of four mice (in

duplicate) in each group *P<0.05 vs. EtOH.

Figure 6 - Immunofluorescence (Cy3 fluorochrome) for p-NF-kB in the liver. A —
normal florescence in the cytoplasm of cells in the control group; B — DEC group
showing similar fluorescence to control group; C — alcoholic group showing elevated
intensity in the fluorescence of both the cytoplasm and in the nucleus; D — treatment
with DEC reduced the high fluorescence and almost eliminated nuclear labeling; E — the
group treated with celecoxib revealed elevated fluorescence in the cytoplasm and in the
nucleus of the hepatic cells. Quantification (five arbitrarily selected areas per animal)
was performed using GIMP 2 image analysis software (F), n = 4 animals/group.

*P<0.05 vs. EtOH; 1P<0.05 vs. CONT. Bar = 2um.


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Unlimited Pages an

Your complimentary
use period has ended. 77

om p I ete Thank you for using

PDF Complete.

r IL-1B, IL-17, IL-10, iNOS, COX-2 and TGF-B in

cr5, o v, o —rororrgroup, B,F,JN,R — EtOH + DEC group, C,G,K,0,S —
EtOH + CELECO group. Quantification (seven areas arbitrarily selected per animal)
was performed using GIMP 2 image analysis software (D, H, L, P, T), n = 3
animals/group. The results are expressed as the mean + s.e.m. *P<(.05 vs. EtOH. Bar =

50 pm.

Figure 8 - Immunoblot of inflammatory markers. A - TNF-a, B - INF-y, C - IL-17, D -
iNOS, E - TGF-B, F - ERK 1/2, G - p-ERK 1/2 and H — B-actin. The densitometric
analysis was performed using Image J 1.38 software (I, J, K, L, M, N, O) n = 5
animals/group. The results are expressed as the mean + s.e.m. *P<0.05 vs. EtOH;

+P<0.05 vs. CONT.

Figure 9 - Immunoblot of NF-kB signaling pathway. A — NF-kB, B - p-NF-kB, C-1kB-
o and D — B-actin. The densitometric analysis was performed using Image J 1.38
software (E, F, G), n = 5 animals/group. The results are expressed as the mean + s.e.m.

*P<0.05 vs. EtOH; tP<0.05 vs. CONT.

Figure 10 - Immunoblot of anti-inflammatory markers. A - AMPK, B - p-AMPK, C -
IL-10 and D — B-actin. The densitometric analysis was performed using Image J 1.38

software (E, F, G), n = 5 animals/group. The results are expressed as the mean + s.e.m.

*P<0.05 vs. EtOH; tP<0.05 vs. CONT.
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Na avaliagdo histopatologica foi observado a eficacia do tratamento com a DEC
em reduzir alteragdes histologicas como a esteatose, infiltrado inflamatério e
areas de necrose. Além disso, a DEC reduziu o conteudo de fibras colagenas

sugerindo uma atividade antifibrotica.

Confirmando o que foi observado na andlise histoldgica, a DEC foi capaz de
melhorar o perfil lipidico (HDL, cholesterol total e triglicerideos) como também
reduzir o marcador de dano hepatico, AST, melhorando assim paradmetros

bioquimicos.

A dietilcarbamazina foi capaz de aumentar a atividade da enzima

glutationaredutase, contribuindo para diminuigdo do estresse oxidativo.

O uso da DEC foi capaz de reduzir marcadores inflamatérios (TNF-a, IL-1p,
IFN-y, TGF-B, ERK 1/2, IL-17, iNOS e COX-2) de forma significativa, além de
diminuir a expressdo do fator de transcricdo NF-kB e aumentar a expressao da

sua molécula inibitoria a IkB-a.

O tratamento com a DEC aumentou a expressio de marcadores anti-

inflamatérios (AMPK e IL-10).
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