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RESUMO

A doenca do figado gorduroso néo-alcoolico (NAFLBfere-se a um amplo aspectro
de doencas hepéticas causadas pelo depdsito dargards células do figado na
auséncia do consumo de 4&lcool. Provas evidentesord#ram que a NAFLD
desempenha um papel relevante na patogénese dacierse. As tiazolidinadionas
(TZDs) agem como meléculas sensibilizadoras da dgaosulina e tém sido utilizadas
no tratamento de pacientes com diabetes do tip@@&ras condi¢cdes de resisténcia a
insulina, incluindo a NAFLD. Uma vez que a ateresate e NAFLD podem
compartilhar mecanismos comuns, estratégias tetiapgusimilares poderiam ser
empregadas no tratamento de ambas as doencas.eBenfer estudo, foi avaliado a
atividade biolégica de LPSF/GQ-02 na patogénesdNABLD e aterosclerose. Os
resultados obtidos com um modelo murino de NAFLBicaram que a LPSF/GQ-02
foi eficaz em melhorar a arquitetura hepatica, dumdo a acumulacdo de gordura,
reduzindo a quantidade de colageno, diminuinddlanmracdo através da reducao da IL-
6, INOS, COX-2 e F4/80, e aumento da expressaaateipas dexdBa citoplasmatica,
NFkB-65, eNOS e IRS-1 em camundongos deficientesedeptor de LDL (LDLr-/-).
Além disso, ambos os tratamentos (15 e 30 dias) ldB8F/GQ-02 resultou em uma
reducdo de colageno nas lesdes ateroscleréticagoAalmente, o tratamento durante
15 dias também diminuiu os niveis de mRNA de CDMGP-1, ABCG1, e aumentou
0s niveis do PPA&®R uma vez que o tratamento com 30 dias reduziuiwsisndas
proteinas LOX-1, pdBa e p-NFKkB. Estes resultados sugerem uma acao digeta
LPSF/GQ-02 sobre os fatores que afetam a inflamagégisténcia a insulina e
acumulacdo de gordura no figado, bem como uma aghoe a composicdo e
crescimento das lesdes ateroscleréticas nos camgosi@.DLr-/-. Sendo assim, nossos
dados apoiam os resultados anteriores, que mastraaa propriedades anti-
inflamatorias de LPSF/GQ-02 e reforca o potencemhpéutico desta TZD para o

tratamento da aterosclerose e desordens relac®adaddamacao.

Palavras Chave: Aterosclerose. NAFLD. Thiazolidioads. LPSF/GQ-02. Anti-

inflamatorio.



ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) refers dowide spectrum of liver diseases
caused by fat deposit in the liver cells in theeslog of excess alcohol consumption.
Compelling evidence has demonstrated that NAFLDygla relevant role in the
pathogenesis of atherosclerosis. Thiazolidinedi¢@Ps) act as an insulin sensitizer
and have been used in the treatment of patientstyite 2 diabetes and other insulin-
resistant conditions, including NAFLD. Since attsmlerosis and NAFLD might share
common mechanisms, similar therapeutic strategiaklde employed in the treatment
of both disorders. In the present study, we evathiathe biological activity of
LPSF/GQ-02 on the NAFLD and atherosclerosis pathegis. The results obtained
with an NAFLD murine model indicated that LPSF/G@QPas effective in improving
the hepatic architecture, decreasing fat accunaunatieducing the amount of collagen,
decreasing inflammation by reducing IL-6, INOS, G@>and F4 / 80, and increasing
the protein expression okBa, cytoplasmic NkB-65, eNOS and IRS-1 in mice
deficient in the LDL receptor (LDLr -/-). In additn, both treatment protocols (15 and
30 days) with LPSF/GQ-02 resulted in lower collagmsity in the atherosclerotic
lesions. Moreover, the treatment for 15 days aleore@hsed mRNA levels of CD40,
MCP-1, ABCGL1 and upregulated PPARvhereas the 30-days treatment reduced the
protein levels of LOX-1, pdBa and p-NkB. These results suggest a direct action by
LPSF/GQ-02 on the factors that affect inflammationsulin resistance and fat
accumulation in the liver of these animals, aiffitcts thecomposition and growth of
atherosclerotic lesions in LDLY mice. Our data also support previous findings
showing anti-inflammatory properties of LPSF/GQ-82d reinforce the therapeutic
potential of this TZD for treating atherosclerosisl inflammation-related disorders.

Keywords: Atherosclerosis. NAFLD. Thiazolidinediones. LPSF/GQ-02. anti-

inflammatory.
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1 INTRODUCAO

A obesidade resulta de um desequilibrio entre asitd@ calérica e gasto de
energia, levando a um excesso de energia, que @zemado como gordura,
principalmente no tecido adiposo branco (CHUGH, &Nk, 2012; MCKENNEY,
SHORT, 2011). De forma importante, a obesidade atam@u agrava varios problemas
de saude incluindo doencas cardiovasculares etdsabpo 2 (KOPELMAN, 2000). As
alteracdes metabdlicas associadas a obesidadedémesonhecidas e agrupadas para
definir atualmente a sindrome metabdlica (SM). SMmé&a das principais causas de
mortalidade e morbidade em paises industrializg@@MONS et al., 2011) e se
caracteriza pela combinacdo de varias doencasjindd a obesidade, dislipidemia,
aumento da pressdo sanguinea, resisténcia a msalliam estado pro-inflamatério
(REAVEN, 2002). A prevaléncia de sindrome metaldlage correlaciona com a
epidemia global de obesidade e esta crescendorémmalarmante, afetando mais de
20% da populacdo mundial adulta (ONAT, 2011). Asceate epidemia de sindrome
metabolica e suas complicacbes tais como doencediowasculares, tem sido
acompanhada por um aumento em alteracdes hepaticksndo a doenca do figado
gorduroso nao alcodlico (NAFLD).

A NAFLD caracteriza-se pelo acumulo de gorduraigado, sendo considerada
a manifestacdo hepatica da sindrome metabolictudossrecentes tém sugerido que a
NAFLD influencia o aumento do risco cardiovascuarforma independente (BAOU et
al., 2007). De acordo com Fracanzani et al. (20@gientes com NAFLD tém
significativamente maior espessura da parede @asiaartarotida, que esta fortemente
associada com o desenvolvimento de acidente vasarizbral e infarto.

Embora os mecanismos associados com a NAFLD esco para a doenca
cardiovascular ndo seja ainda muito compreendidmgssivel que a NAFLD na sua
forma mais avancada atue como um estimulo parardame resisténcia a insulina e a
dislipidemia, ocasionando aceleracdo da aterosderTARGHER, 2007). A
inflamacdo e o aumento do estresse oxidativo mlaon-se diretamente com a NAFLD
e a aterosclerose (BAHCECIOGLU et al., 2005; MARGHME et al., 2005).
Finalmente, a NAFLD pode contribuir para a progiiesda aterosclerose, diminuindo
0s niveis de adiponectina (MUSSO et al., 2005).

Durante o desenvolvimento da aterosclerose, a @aestkrial se espessa
gradualmente para formar a placa aterosclerégésajtando na diminuigdo do limen da
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artéria com consequente reducdo da quantidade mpuesafornecido aos 0rgaos,

afetando, geralmente, o coracdo e o cérebro. Qwdsiente, as placas podem se
romper produzindo um codgulo, que por sua vez poldsar ao infarto do miocardio

ou derrame (STARY, 2000).

Evidéncias sugerem que a LDL modificada por oxidagé glicacdo provoca
uma resposta inflamatéria na parede da artérindadeando muitos dos processos
biolégicos que participam do inicio, progressaocamplicacdo da aterosclerose
(GLASS; WITZTUM, 2001). Desta forma, a LDL oxidad@xLDL) tem sido
relacionada a varios processos que participam degénese como a disfuncao
endotelial, a migracdo de macréfagos e células ulss lisas e a producdo de
citocinas inflamatorias (ISHIGAKI; OKA; KATAGIRI2009).

A investigacdo dos mecanismos da aterosclerosénticado que a inflamacéo
desempenha um papel central no desenvolvimentgrgsséo e letalidade dessa doenca
(LIBBY, 2002; ROCHA; LIBBY, 2009). E tem estimulad®d descoberta e adogéo de
biomarcadores inflamatérios para o progndsticoisienrcardiovascular (PACKARD;
LIBBY, 2008). Alguns desses biomarcadores incluévimléculas de adesdo como
VCAM-1; citocinas tais como TNEk; interleucina-1 (IL-1), interleucina-18 (IL-18) e
interleucina-6 (IL-6); proteases como a metalopnaiee de matriz-9 (MMP-9);
produtos de plaquetas incluindo CD40 ligante sdl(@D40L); adipocinas como
adiponectina e reagentes de fase aguda tais camteirir C Reativa (PCR), inibidor do
ativador de plasminogénio tipo 1 (PAI-1) e fibrigéogp (PACKARD; LIBBY, 2008).

Os receptores ativados por proliferadores de pssorios (PPARS) sao
receptores nucleares ativados por ligantes queo estdolvidos na regulacéo
transcricional do metabolismo lipidico, balancorgggco, inflamacéo e aterosclerose.
Atualmente sédo conhecidos trés isotipos PRARPAR/ e PPARy (AHMED et al.,
2007).

O PPAR-a, é predominantemente expresso no figado e em meaotidade no
coracdo, musculo esquelético, intestino e rim oexierce um papel importante em
controlar a oxidacdo dos acidos graxos (LEFEBVR&.e2006). A ativacdo do PPAR-
a esta relacionada com a transcricdo de aproximauand8®-100 genes, atuando sobre
diversas vias metabdlicas (AHMED et al., 2007). BAR-n atua no processo
inflamatorio, em geral, inibindo a producdo de a@itas pré-inflamatérias como a IL-6,
bem como reprimindo a expressao de VCAM-1 (STAELSI.e 1998). Os fibratos sao
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os ligantes sintéticos do PPARe sédo utilizados para tratar dislipidemias em mosa
(FORMAN et al., 1997), sua administracdo diminuindgeis de triglicérides e estudos
clinicos tém mostrado que esses farmacos sdo capEzeeduzir a incidéncia de
eventos cardiovasculares e aterosclerose (BENSINGERTONOZ, 2008).

O PPARS&/p é o0 menos estudado entre os isotipos de PPARQramlossua
expressado significativa em tecidos responsaveiscpoirolar o metabolismo lipidico,
como os adipdcitos, intestino delgado, coragdo,caoidsesquelético e macréfagos
(GROSS; STAELS, 2007). A ativacao do PPAR reduziu lesdes ateroscleroticas em
cerca de 50% em camundongos (LDIIR Essa reducdo na area da lesdo néo foi
acompanhada por mudancas nos niveis de HDL e LIs, sim pela diminuicdo na
expressdo de MCP-1 e ICAM-1 na aorta dos camundotrgtados (GRAHAM et al.,
2005). Esses dados sugerem ativacdo farmacologisaedisotipo pode ter acdes
positivas sobre aterosclerose.

O receptor+ ativado por proliferadores de peroxissomos (PPARE- um fator
de transcricdo presente em adipocitos, macrofagasocitos, hepatdcitos, células
musculares e endoteliais, sendo considerado @dsotais estudado. Ele pertencente a
superfamilia de receptores nucleares que se ligagoaistas especificos, também
conhecidos como ligantes ou ativadores de PPARSKIKIEEN et al., 2007). As
tiazolidinadionas (TZDs), sdo agonistas sintétidosPPAR-y utilizada clinicamente
para tratar pacientes com diabetes tipo 2 atuaodao csensibilizadora da acédo da
insulina (DAY, 1999).

Além da expressdo no tecido adiposo, o PPAR-expresso em células que
compdem as lesBes ateroscleréticas, como céluldstediais, musculares lisas e
monocitos/macréfagos (COLLINS et al., 2001). Diadigso, evidéncias tém indicado
que em adicdo a sua atividade antidiabética, assTaWwesentam também atividade
antiaterosclerdtica. O potencial antiaterogénice dgonistas de PPAR- tém sido
sugeridos em estudos com modelos animais de atase (LI et al., 2000; COLLINS
et al., 2001) e em ensaios clinicos utilizando g#els com diabetes tipo 2
(MINAMIKAWA et al., 1998; LANGENFELD et al., 2005).

A utilizacdo de agonistas de PPARtambém exerce efeitos favoraveis sobre a
NAFLD. De acordo com Uto et al. (2005), doses chHride pioglitazona foram capazes
de reduzir efetivamente a gordura no figado derioilesenvolvimento de cirrose em

ratos. Similarmente, a utilizacdo da pioglitazomiaeficaz em melhorar a histologia do
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figado e normalizar os niveis das aminotransferagepacientes com Esteato-hepatite
Nao-Alcodlica (NASH) (PROMRAT et al., 2004).

Apesar de existirem diversos estudos mostranddeiteevasculares favoraveis
dos agonistas de PPAR; os efeitos cardiovasculares das TZDs tornaraiae de
intensa discussédo. Em um estudo, a rosiglitazdresfmciado ao aumento dos riscos de
infarto do miocéardio e mortalidade por causas ocaaticulares (NISSEN; WOLSKI,
2007). De forma controversa, no estudo PROactiteatamento com pioglitazona foi
associado a reducdo do risco combinado de infagtalaa do miocardio, acidente
vascular cerebral e mortalidade em 16%, entre piesediabéticos de alto risco
cardiovascular (DORMANDY et al., 2005). E possivgle os efeitos danosos
apresentados pela rosiglitazona sejam especifessadnolécula, ndo representando um
efeito de classe. Entretanto, os mecanismos detent@is do aumento de risco
cardiovascular associado as TZDs ainda ndo saecuoius.

De forma semelhante, a delecdo do PRARepatico em alguns modelos
animais diminui consideravelmente a esteatose emtEmte da presenca de
hiperinsulinemia ou hiperglicemia (GAVRILOVA et al003; MATSUSUE et al.,
2003), indicando, portanto, que a atuacdo do PPARede ser prejudicial para o
figado.

Silva et al (2013), demonstraram que o derivadoolidinico LPSF/GQ-02 (5-
(4-Cloro-benzilideno)-3-(4-metil-benzil)-thiazolith-2,4-diona) foi eficaz em melhorar
a resisténcia a insulina, reduzir a area de leate¥ssclerdticas oferecendo um efeito
protetor ao endotélio, além de exercer efeitos-iafiimatérios aumentando a
expressdo da sintase de Oxido nitrico endotelD&) e reduzindo a expressédo da
matriz metaloproteinase 9 (MMP-9). Diante dos meslds encontrados com a
utilizacdo da LPSF/GQ-02, nosso trabalho se prapéealiar as possiveis vias de acao
desse candidato a farmaco sobre o processo atism e a NAFLD em animais
deficientes do receptor de LDL (LDLr-/-).
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2 JUSTIFICATIVA

Linhas de pesquisa tém investido na busca por noeéculas a fim de se obter
alternativas terapéuticas mais seletivas e menoesda contra a patogénese da
aterosclerose e seus fatores de risco associado®) a NAFLD. O laboratério de
ultraestrutura participa da avaliacdo biologica tédezolidinadionas com potencial
atividade hipoglicémica e hipolipidémica sintetiaaghelo Laboratorio de Planejamento
e Sintese de Farmacos da Universidade Federal dearReuco. Resultados
preliminares da caracterizacdo da atividade aetbgénica do derivado tiazolidinico
LPSF/GQ-02, utilizando andlises bioquimicas, modtinas e utraestruturais indicam
relevantes beneficios quanto a diminuicdo de Asis a insulina e dos triglicerideos
hepaticos, além de uma reducdo expressiva da ptaoasclerdtica em camundongos
deficientes do receptor de LDL (LDLr-/-). Tais edittias indicam que este novo
farmaco apresenta além de uma atividade PPRARna possivel atividade PPAR-
Além disso, o derivado tiazolidinico LPSF/GQ-02 k&m parece estar envolvido na
ativacdo de fatores anti-inflamatérios endoteligg®ndo assim, faz-se necessario
esclarecer as a¢gfes da LPSF/GQ-02 sobre o tecpdidee bem como o seu possivel
mecanismo de ac¢do sobre o processo aterosclerétitocamundongos LDLr-/-

submetidos a uma dieta hiperlipidémica.
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3 OBJETIVOS

3.1 — Objetivo Geral

Analisar a acdo do derivado tiazolidinico LPSF/GR-@omparativamente com
glitazonas comerciais, sobre o desenvolvimentoffamnacdo endotelial e formacéao de
placas de ateroma, acumulo de triglicérides nalfigaresisténcia a insulina em modelo
murino deficiente de LDL (LDL-/-).

3.2 — Objetivos Especificos

Avaliar o perfil lipidico, glicemia, insulinemia, ancadores inflamatérios ap6s o

tratamento com LPSF/GQ-02 em camundongos (LDL-/-);

» Avaliar as modificagBes histopatologicas do endwtéla aorta e figado de

camundongos LDLr-/-;

e Caracterizar imunohistologicamente marcadores nrdtarios e fatores de
transcricdo envolvidos no processo ateroscler&icacimulo de gordura no

figado em camundongos (LDL-/-);

» Detectar a expressdo de receptores nucleares eadoegs envolvidos na
patogénese da aterosclerose e acumulo de gordufgadm em camundongos
LDLr-/-, submetidos ao tratamento com a LPSF/GQ-02.
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Capitulo |

4. REVISAO BIBLIOGRAFICA
4.1ATEROSCLEROSE
4.1.1 Lipidios e risco cardiovascular

Os lipidios constituem um grupo de compostos halicbs com muitas funcdes
bioldgicas, como componentes estruturais de merabraelulares, fonte de energia e
complexos sistemas de sinalizacdo intracelular (HIEE 2009).

Um adulto ingere cerca de 60 a 150g de lipideosiadi@nte, dos quais
normalmente mais de 90% sé&o constituidos pordégtes (TG), formados por uma
molécula de glicerol esterificada a trés acidosxgsadenominados saturados,
monoinsaturados, poliinsaturadostrans. O restante dos lipideos da dieta consiste
principalmente de colesterol, ésteres de colestéosfolipideos e &cidos graxos néo-
esterificados (“livres”) (CHAMPE et al., 2006). Oem os lipidios existentes, o TG e
colesterol sdo considerados os mais importantesatente (HEGELE, 2009).

A insolubilidade do colesterol e TG no plasma exigee eles sejam
transportados em macromoléculas esferoidais chamig@aproteinas, que tém um
nacleo hidrofébico contendo fosfolipidio, antioxides solUveis em gordura, vitaminas,
ester de colesterol e um revestimento hidrofilicwe gcontém colesterol livre,
fosfolipidio e proteinas denominadas apolipopret&inAs principais lipoproteinas
transportadoras de TG sdo quilomicrons e lipoprateide densidade muito baixa
(VLDL). As principais lipoproteinas transportadomde colesterol sdo lipoproteina de
densidade baixa (LDL) e lipoproteina de densidatke @DL). Lipoproteinas sdo
distinguidas uma das outras pelo tamanho, densidauibilidade eletroforética,
composicao e funcao. (HEGELE, 2009)

A funcédo das lipoproteinas é manter os lipidios somlucdo durante seu
transporte entre os tecidos. O intestino absorgerdura da dieta e a empacota em
quilomicrons (Lipoproteinas grandes, ricas emitiégldes) que séo transportadas para
os tecidos periféricos através do sangue. Ao chagaecido muscular e adiposo, os
quilimicrons sao digeridos pela lipase lipoproteid@erando acidos graxos livres que se
inserem nestes tecidos. Os quilimicrons remanesses#@io posteriormente removidos

pelo figado. O figado entdo sintetiza VLDLs a padi lipidios e apolipoproteina B
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(ApoB), que posteriormente, na circulacdo sanguisedrem lipolise pela lipase
lipoproteica para formar LDLs. Estas Ultimas s&u, ®eguida, removidas pelo figado
através da ligacdo ao receptor de LDL (LDLR), besma através de outras vias
(Figura 1) (RADER; DAUGHERTY, 2008).

A apolipoproteina A-lI (ApoA-), sintetizada pela@uas intestinais e hepaticas,
recruta colesterol desses 6rgaos através da agatamhsportadores cassete ligados ao
ATP Al (ABCA-1), formando as HDLs nascente. Nosides periféricos, as HDLs
nascentes promovem o efluxo do colesterol dos dscithclusive de macrofagos,
através da acado do transportados ABCA-1. Similatejeas HDLs maduras também
promovem esse efluxo, mas através da acdo doporsasdores ABCGL. O colesterol
livre é esterificado em ésteres de colesterol naksHhascentes pela enzima lecitina
colesterol aciltransferase (LCAT), formando HDLsdwmas. O colesterol presente nas
HDLs retorna para o figado, quer diretamente, agale sua absorcdo pelo receptor
SR-BI, ou indiretamente, pela sua transferéncia hYLs e VLDLs, que é realizado
pela proteina de transferéncia de ésteres de eak$CETP). O conteudo lipidico de
HDLs é alterado pelas enzimas lipase hepaticaasdigndotelial e pelas proteinas de
transferéncia CETP e proteina de transferénciaod®lipidios (PLTP) (Figura 1)
(RADER; DAUGHERTY, 2008).

Figura 1 — Metabolismo das lipoproteinas
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Fonte: Rader; Daugherty (2008).

Legenda —Metabolismo das lipoproteinas. ApoB, apolipoprae) VLDLS, lipoproteinas de
muito baixa densidade; LDLs, lipoproteinas de baieasidade; LDLR, receptor de LDL; SR-
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B1, receptorscavengerclasse B tipo 1; HDLs, lipoproteinas de alta deackd] ApoA-I,
apolipoproteina A-l, transportador ABCA-1, trandpdor ABCG1, LXR, receptor nuclear
hepatico; LCAT, lecitina colesterol aciltransfera€&TP, proteina de transferéncia de ésteres
de colesterol, PLTP, proteina de transferénciasi®lipideos. Fonte: Rader; Daugherty (2008).

A participacdo de lipoproteinas que contém ApoeBmo as LDLs estédo
associadas ao desenvolvimento da aterosclerose ERADAUGHERTY, 2008). O
acumulo de LDL no compartimento plasmatico poderrecem virtude de uma dieta
rica em gordura, da sintese enddgena de colesteraté mesmo pela diminuicdo do
catabolismo da LDL pelo figado, causado por um ittefgénico que promove a
deficiéncia na expressdao ou funcdo dos seus reesptoresultando em
hipercolesterolemia (THOMPSON et al., 1981).

Evidéncias sugerem que a LDL modificada por oxidagé glicacdo provoca
uma resposta inflamatéria na parede da artérindadeando muitos dos processos
biolégicos que participam do inicio, progressaocamplicacdo da aterosclerose
(GLASS; WITZTUM, 2001). Desta forma, a LDL oxidaftaxLDL) tem sido implicada
em muitos processos aterogénicos como disfuncamtediad, migracdo de macréfagos
e células musculares lisas e producdo de citoginfesmatorias. De modo geral, a
oxLDL é endocitada pelos macréfagos, transformaeskes macréfagos em células
espumosas e a formacdo de placas ateroscler@i8idsGAKI; OKA; KATAGIRI,
2009).

Em contraste com o colesterol LDL, concentracOesméticas de colesterol
HDL s&o inversamente associadas com doenca atnatsch. O mais bem estabelecido
mecanismo pelo qual HDLs protegem contra a atexozse € através da promocao do
efluxo de colesterol de macréfagos e transportandolesterol para o figado para a
excrecdo na bile e fezes (RADER; DAUGHERTY, 2008PLs tém varias outras
propriedades que poderiam contribuir para a su@rigaade antiaterogénica. Por
exemplo, HDLs podem estimular a atividade da oxilioco sintase 3 (NOS3; também
conhecida como eNOS) e assim aumentar a biodispdade de 6xido nitrico (NO)
(MINEO et al., 2006). Além disso, HDLs tém efeitasti-inflamatorios igualmenti
vitro ein vivo, e estes tém sido o objetivo de intensivos est(BIBRTER et al., 2004).

As LDLs e HDLs sao as lipoproteinas mais abundames plasma e
desenvolvem, de forma diferente, acbes pro e antigénicas, respectivamente. Dessa

forma, o metabolismo dessas lipoproteinas é al® miancipais intervencdes para
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prevenir e tratar a doenca cardiovascular atenddida (RADER; DAUGHERTY,
2008).

4.1.2 Patogénese da Aterosclerose

O endotélio, uma vez considerado uma barreira sgn@ seletivamente
permeavel entre a circulacdo sanguinea e a passdalar externa, € agora reconhecido
como um 0Orgdo homeostético, fundamental para atesir e regulagdo do ténus
vascular. Sob condig¢des fisioldégicas normais, adaendoteliais induzem a producéo
e liberacdo de NO, que se difunde em volta de decel células e exerce seu papel
protetor cardiovascular, relaxando as células maseslilisas, impedindo a migracéo e
adesdo de leucocitos na parede arterial, a pagder das células musculares lisas,
adesdo e agregacdo plaquetéria e expressdo deulasléte adesdo (LUSCHER,;
VANHOUTTE, 1990).

Em condicdes patoldgicas, incluindo a presenca faleres de risco
cardiovascular, o endotélio sofre alteracdes furase estruturais, perdendo assim o
seu papel de protecdo, tornando-se uma estrutdratgrosclerdtica (LUSCHER,;
VANHOUTTE, 1990). Essa alteracéo inicial no endotél conhecida como "disfuncao
endotelial e evidéncias sugerem que esse process@ io desenvolvimento
aterosclerotico e pode ser detectada antes de gagl@struturais na parede do vaso
(DAVIGNON; GANZ, 2004). Condi¢cdes comuns que predism a aterosclerose, tais
como hipercolesterolemia, hipertensdo, diabetesabagismo, estdo associadas a
disfuncéo endotelial (LANDMESSER; HORNING; DREXLER)04).

A disfuncdo endotelial caracteriza-se por ser ura pgomeiros estagios da
aterosclerose. O endotélio lesado, expressa emmupgficie moléculas de adesao que
atraem monacitos, linfocitos e plaguetas, acardetarm aumento na permeabilidade do
vaso sanguineo para os componentes lipidicos pessan plasma, principalmente a
LDL (HANSSON, 2005). Uma vez dentro da intima, ipgeproteinas aterogénicas sao
modificadas por oxidacdo ou atividade enzimaticeegando-se dentro do espaco
intimal (RADER; DAUGHERTY, 2008). Os mondcitos magn para dentro da intima e
se transformam em macrofagos, onde comecam a fagacoxLDL e outros lipidios,
transformando-se em células espumosas, constituingwimeiro estagio da leséo
aterosclerotica (conhecido como estrias gordurosasjntima (figura 2) (WEBER;
ZERNECKE; LIBBY, 2008). Estrias gordurosas saogfrentemente presentes em
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aorta de criancas, em artérias coronarias de adoliies e em vasos periféericos de
adultos jovens. Mesmo ndo causando nenhuma padololjnica, essas estrias
gordurosas séo consideradas lesGes iniciais quamlesao desenvolvimento de
complexas lesdes ateroscleréticas (RADER; DAUGHERADOS).

Em um segundo estagio, as estrias gordurosas geagriormando uma placa
aterosclerotica madura que acumula subpopulagcéegldias inflamatérias e lipidios
extracelulares, essas mudancas formam um nuclecé qoeeado por uma capa de
células musculares lisas (SMCs) e matriz rica etagemo. A secre¢do de citocinas e
fatores de crescimento pelas células da placa e deposicdo de componentes da
matriz extracelular, contribui para a progressddeddo e causa um estreitamento do
lumen arterial (estenose). O nudcleo central daolgsdde tornar-se necrético, e o
desenvolvimento de neovascularizacdo na placa pedeitir perda dos componentes
do sangue e hemorragia. (Figura 2) (WEBER; ZERNEUKEBY, 2008).

Ao longo do tempo, a secrecao de proteases quaddagra matriz e a producao
de citocinas pelas células da placa pode causadasibaste da capa fibrosa, o que
impede o contato entre o sangue e 0 material prmkotico na placa. Finalmente, a
leséo pode se desintegrar, causando a erosaotouardp placa. A liberacédo de detritos
resultantes da placa e o contato do fator teciclual 0 sangue acionam uma cascata da
coagulacéo e ocorre a formagédo de um trombo, eske @bstruir a artéria e resultar em
infarto do miocardio ou acidente vascular cerelfdablargamento e a remodelacdo da
artéria para acomodar a expansao da intima pode &f¥ormacdo de um aneurisma.
(Figura 2) (WEBER; ZERNECKE; LIBBY, 2008).
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Figura 2 — Evolucéo da aterosclerose
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Fonte: Weber; Zernecke; Libby (2008).

Legenda— Evolucdo da aterosclerose. A — adesao de ldoséeiplaquetas. B — formacao das
estrias gordurosas. C — Formacao de um nucleotimgréapa fibrosa e neovascularizacéo. D —
Ruptura da placa com consequente ativacdo do sisternoagulacéo e formacao do trombo.
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4.1.3 Inflamacéo e Aterosclerose

A aterosclerose € considerada uma doenca inflaratGnica que envolve a
participacdo de componentes da imunidade inataaptativa que juntos medeiam a
iniciagdo, progressdao e complicagbes trombdticas aflerosclerose (WEBER,;
ZERNECKE; LIBBY, 2008).

Células endoteliais normalmente resistem a addséleucocitos. Estimulos
pré-inflamatorios, incluindo uma dieta rica em gowald saturada, hipercolesterolemia,
obesidade, hiperglicemia, resisténcia a insulif@ertenséo e tabagismo, desencadeiam
a expressao endotelial de moléculas de adesao adtmelectina e molécula de adesao
celular vascular (VCAM-1), que medeiam a ligacdo menocitos e leucdcitos
circulante (CYBULSKY et al., 2001). Fatores quindititos, incluindo a proteina-1
guimiotatica de mondécitos (MCP-1), produzida polules da parede vascular em
resposta a lipoproteinas modificadas, direcionamiggiacdo e diapedese de mondcitos
aderentes. MCP-1 se liga ao seu receptor espectfi€@CR2, sobre a superficie de
mondcitos circulantes para exercer 0s seus ef@toset al., 1998).

Dentro da intima, os mondcitos se transformam encrdfegos sobre a
influéncia do fator estimulador de colénia de méagos (M-CSF), molécula que é
expressa de forma abundante na intima inflamad#d\(CDN et al., 1992). O M-CSF
também favorece a uma maior expressdo de “recepsmavenger’ nos macréfagos.
Esses receptores estdo envolvidos na formacgdo éaksc espumosas, através da
captacdo desregulada de lipoproteinas modificagéss pnacréfagos. Os principais
“receptores scavenger” incluem o CD-36, CD-68, CXEL SR-A e SR-BI
(HANSSON; LIBBY, 2006)

Os macrdéfagos proliferam dentro da lesdo e ampharmasposta inflamatoria
através de secrecdo de numerosos fatores de ceesgim citocinas, tais como o fator
de necrose tumoral (TNF- o) e interleucina - A (IL-1B). Essas duas citocinas sao
importantes uma vez que aceleram a resposta infiaima sdo capazes de induzir a
expressdo de VCAM-1, MCP-1, M-CSF e Matriz Metatipmases (MMPSs)
(HANSSON; LIBBY, 2006).

No estagio avancado da placa, mediadores inflamatpodem inibir a sintese
de colageno e influenciar a expressao de colagemraseo as metaloproteinases, pelas

células espumosas dentro da intima. Como conseguémmorre a diminuicdo do
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conteudo de colageno da capa fibrosa, tornandsao l&agil e propensa a ruptura
(PACKARD; LIBBY, 2008).

A importancia do envolvimento da inflamacao nacagelerose tem estimulado a
descoberta e adocdo de biomarcadores inflamat@dwa o progndstico de risco
cardiovascular. Alguns desses biomarcadores includoiéculas de adesdo como
VCAM-1; citocinas tais como TNEk; interleucina-1 (IL-1), interleucina-18 (IL-18) e
interleucina-6 (IL-6); proteases como a metalopnaiee de matriz-9 (MMP-9);
produtos de plaquetas incluindo CD40 ligante sdl(@D40L); adipocinas como
adiponectina e reagentes de fase aguda tais camteirir C Reativa (PCR), inibidor do
ativador de plasminogénio tipo 1 (PAI-1) e fibridogp (PACKARD; LIBBY, 2008).

Dessa forma, a prevencao eficaz da aterosclercig m tratamento dos mais
importantes fatores de risco cardiovascular, comgertensdo, diabetes,
hipercolesterolemia e obesidade. Entretanto, anaiss&os chamados “tradicionais”
fatores de risco ndo completamente protege contrdoenca e novos “fatores
emergentes” tém sido identificados, incluindo mdoecas de inflamacédo (CORRADO;
NOVO, 2005).

4.1.4 Receptores Ativados por Proliferadores de Pexissomos (PPARS)

Peroxissomos sao organelas subcelulares, que teno duncdo classica
remover o hidrogénio por meio do uso de oxigénidemdar através de uma série de
enzimas oxidase e catalase. Eles também desempeamhagmapel crucial em diversos
processos metabdlicos celulares, incluindo o céitabo de colesterol para bile &
oxidacdo dos acidos graxos. Em condic¢des fisiod&gicormais, o metabolismo nos
peroxissomos ocorre de forma secundaria ao sistetwaondrial (VAMECQ; DREY,
1989), e envolve principalmente a oxidacdo de &cgtaxos de cadeia longa que néo
podem ser metabolizados de outra forma. Em hepasdde ratos a ativacdo dos
peroxissomos por varios estimulos farmacolégicostrao induzir o aumento dos
peroxissomos em tamanho e numero (LOCK et al., 18&%se aumento foi associado
a uma maior expressao de genes relacionados acawmiddos acidos graxos. Em
humanos, agentes farmacoldgicos também atuam aamgenta expressao de genes
peroxissomais, mas nao se observa um aumento @mhane nimero de peroxissomos
tal como visto em roedores (KLIEWER et al., 2001).
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Em 1990, a clonagem de um gene de roedor ligadprotiferacdo de
peroxissomos foi descrita pela primeira vez (ISSEWAGREEN, 1990).
Posteriormente, foi descoberto que a proliferag@eroxissomos atuava através da
estimulacdo de um receptor de horménio nucleandyfée foi nomeado de receptor
ativado por proliferadores de peroxissomos (PPARYeceptor original é conhecido
como PPAR. Subsequentemente, foram descobertos mais ddisoisoo PPAR/S e
PPARYy (ROBINSON; GRIEVE, 2009), considerados importanteguladores do
metabolismo de lipidios e carboidratos.

Os PPARs possuem organizacdo estrutural semell@amiutros membros da
superfamilia de receptores nucleares, como o recdptacido retindico e vitamina D.
De modo geral, contém uma regido N-terminal exibioch ligante independente, um
dominio de trans-ativagéo fraco chamado AF-1, dade ligagdo ao DNA (LBD) e
uma regido C — terminal que é responsavel pelartiaggio com o receptor X retindide
(RXR) (FEIGE et al., 20086).

Em resposta a ligacdo de um determinado ligantePAR promove uma
mudanca conformacional que facilita a formag&o mecamplexo heterodimérico com
outro receptor nuclear ativado por ligantes, optaeX retinoide (RXR) (WILLSON et
al., 2000). Essa mudanca conformacional induziddigante também facilita a ligacéo
e liberacdo de pequenas moléculas acessorias quenpértantes para realizacdo do
complexo transcricional (DIRENZO et al., 1997). &ssnoléculas acessorias incluem
proteinas co-repressoras, como a N-Cor , liberpda a ativagdo do PPAR e proteinas
co-ativadoras, como a PPAR-co-ativador 1 (PGC-1), recrutada para a ativapao,
exemplo, do receptor nuclear PPARYANG et al., 2000). O complexo heterodimérico
formado pelo PPAR/RXR pode entdo interagir via domde ligagdo ao DNA com
elementos responsivos do PPAR (PPRES), situadasitars regulatérios de cada gene
e entéo induzir a expressao de genes alvos (FEJUk&ILLSON et al., 2000).

Figura 3 — Representacdo esqueméatica mostrando awecdo dos PPARs

Fonte: Willson et al., 2000.
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Os PPARs podem ndo somente induzir, mas tambénmier transcricdo de
genes e esta acdo ocorre através da interacéowons éatores de transcricdo como o
fator nuclear Kapa B (NF-kB), Transdutores de sieahtivadores de transcri¢cao
(STAT), Proteina ativadora-1 (AP-1) e fator nuclel células T ativadas (NFAT)
(CHINETTI et al., 2000). Apesar desses elementokiplas comuns aos PPARs, cada
isotipo mantém papéis bioldgicos distintos quegrados, garantem a coordenacao do
metabolismo energético (Figura 4) (EVANS et alQ£20

Figura 4 — Intearacdo metabdlica dos PPARsS
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Fonte: Evans et al. (2004).
Legenda- As trés isoformas de PPAR regulam a homeostas@idiéos e glicose através de
suas atividades coordenadas no figado, muscul@lésigo e tecido adiposo.

O PPAR- o, primeiro isotipo do PPAR conhecido € predominaueiete
expresso no figado e em menor intensidade no areg@sculo esquelético, intestino e
rim onde exerce um papel importante em controlaxidacdo dos acidos graxos
(LEFEBVRE et al., 2006). A ativacdo do PPAdResta relacionada com a transcricao
de aproximadamente 80-100 genes, atuando sobreidacam dos acidos graxos,
metabolismo lipidico e inflamacdo (AHMED et al.,020. O PPAR-o atua também
sobre 0 metabolismo das lipoproteinas, estandohadwona regulagdo da sintese de
lipoproteinas ricas em triglicérides e HDL-C. Nesaspectos suas a¢des principais sdo
induzir o aumento da apolipoproteina Al, um elemehave na formacao de particulas

de HDL-C. Atua também sobre a sintese lipoprotifese (LPL), uma enzima central
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no metabolismo dos triglicérides e reprime a applipteina C-IIl (apoC-lll), que &
inibidora endégena da LPL (LEE et al., 2003)

Como foi mencionado anteriormente o PPARambém participa de eventos
relacionados ao processo inflamatorio (LEFEBVRIEIgt2006). Em geral, inibindo a
producao de citocinas pro-inflamatérias como a,lb&n como reprimindo a expressao
de VCAM-1 (STAELS et al., 1998). Consistente comsessachados, camundongos
deficientes do PPARs manifestam um aumento basal no seu estado infieimaiom
resposta prolongada a estimulos pro-inflamator@EV(CHAND et al., 1996). Os
fibratos séo os ligantes sintéticos do PPAR- sédo utilizados para tratar dislipidemias
em humanos (FORMAN et al., 1997). A administradée fibratos diminui os niveis
de triglicérides e estudos clinicos tém mostrade gsses farmacos sédo capazes de
reduzir a incidéncia de eventos cardiovasculareatezosclerose (BENSINGER,;
TONTONOZ, 2008).

O PPARS&/B € 0 menos estudado entre os isotipos de PPARQramossua
expressao significativa em tecidos responsaveiscpotrolar o metabolismo lipidico,
como os adipdcitos, intestino delgado, coracéo,coldsesquelético e macrofagos
(GROSS; STAELS, 2007). A retirada do gene que aalid isoforma PPARS/B se
torna letal para o desenvolvimento inicial de quiagds os embrides, devido a um
defeito na formagé&o da placenta (NADRA et al., 2@060r esse motivo, essa isoforma
desempenha um papel importante ndo sé na regulaca®tabolismo, mas também no
desenvolvimento do organismo (GRIMALDI, 2007). HEem fortes indicios que
relacionam os acidos graxos, triglicérides e poicliaa como ativadores endégenos do
PPAR- &/f. Na linha de ligantes sintéticos, uma série de pumtos tém sido
desenvolvidos, mas ainda ndo existe nenhum agalosRPAR-6/f aprovado para uso
clinico, embora a molécula GW501516 esteja na llade desenvolvimento para tratar
dislipidemias (BISHOP-BAILEY; BYSTROM, 2009). Evidéias experimentais
sugerem que a ativacdo do PPAWR3 pode ter um valor terapéutico no tratamento da
sindrome metabdlica. A utilizacdo de agonistasPlaRR 6/p no tratamento de primatas
e camundongos obesos aumentou os niveis de HDiniauwlu os niveis de particulas
de LDL pequenas e densas (LEIBOWITZ et al., 2000MBR et al., 2001). De acordo
com Oliver et al. (2001) o tratamento com GW15Ey@u o contelddo plasmatico de
apolipoproteina Al, A-1l e CllI, também foi obsed@uma maior expressao de ABCA-
1 com consequente aumento do efluxo do colester®lmacrofagos, fibroblastos e

células intestinais. Outro estudo mostrou que\agdio do PPARS/B reduziu lesdes
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ateroscleréticas em cerca de 50% em camundongoR'DIEssa reducéo na area da
lesdo ndo foi acompanhada por mudancas nos nieeidDd. e LDL, mas sim pela
diminuicdo na expressdo de MCP-1 e ICAM-1 na adda camundongos tratados
(GRAHAM et al., 2005). Esses dados indicam que AR/ encontra-se envolvido
em muitos mecanismos biolégicos que regulam o robsato lipidico e algumas
observacbes sugerem que a ativagdo farmacoldgisse disotipo pode ter acdes
benéficas sobre aterosclerose.

O PPARYy, isotipo mais estudado dentre as isoformas de Ps&ddRabordado de

forma mais especifica a seguir.

4.1.4.1 Receptoyativado por proliferadores de peroxissomos (PPAR-

O gene PPARG foi clonado a partir de vertebradodluindo camundongos
(ZHU et al., 1993) e humanos (GREENE et al.,, 1926hnélise filogenética dessa
estrutura revelou que ela é bem conservada entmarms e camundongos (99% de
similaridade e 95% de identidade) (ZHU et al., 198BJAS et al., 1997). Em
humanos, a transcricdo do gene PPARG da origema#toqiRNAs mensageiros
(mRNA) diferentes: PPAR-1, PPARy 2, PPARy3 e PPARYy 4 que sao transcritos a
partir de quatro promotores distintos (FAJAS et18P7, FAJAS; FRUCHART,;
AUVERX, 1998, SUNDVOLD; LIEN, 2001). Em camundongs@amente dois subtipos
de mRNA séo encontrados, o PP&Re PPARy 2 (ZHU et al., 1995).

Apesar do PPAR~apresentar quatro subtipos de mRNA em humanosxiste

duas isoformas de proteinas conhecidas (hPiPAR-hPPARy 2) que diferem em sua
extremidade 5, como consequéncia de diferentesiq@iares e aplicing alternativos.
O mRNA do PPAR{L, PPARyY3 e PPARy 4 dao origem a proteina hPPARE. O
MRNA do PPARYy 2 codifica a proteina hPPAR2 que tem 30 aminoacidos adicionais
na sua regido N-terminal (ZIELENIAK; WOJCIK; WOZNKA 2008). Em condi¢des
fisiologicas a proteina hPPAR-2 é quase exclusivamente produzida pelo tecido
adiposo branco e marrom, enquanto que a proteiRARK 1 € detectada em outros
tecidos incluindo células imunes, intestino, rifigado (VIDAL-PUIG et al., 1997).

O PPARy exerce papel crucial na diferenciacdo de adipscitoduzindo a

expressdo de importantes marcadores envolvidos atabwlismo de lipidios como a
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proteina de ligacao a acido graxo (aP2) (TONTON®Oal.e 1994a), fosfoenolpiruvato
carboxiquinase (PEPKC) (TONTONOZ et al.,, 1995) d L SCHOONJANS et al.,
1996). Também controla a expressdo da proteinapwaiadora de acidos graxos 1
(FATP-1) e CD-36 (SFEIR; IBRAHIMI; AMRI, 1997 ambas envolvidas na captacao
de lipidios pelos adipdcitos. A importancia do PPWRa adipogénese tem sido
demonstrada por varios trabalhoBor exemplo, PPAR- é induzido durante a
diferenciacdo de pré-adipocitas vitro e sua expressao ectopica em fibroblastos nao
adipogénicos estimula a adipogénese na presergadies de PPAR-y (TONTONOZ;
HU; SPIEGELMAN, 1994b).

Uma serie de ligantes naturais podem ativar o PRAR:luindo acidos graxos
insaturados, eicosanoides e componentes de LDdadas. Entretanto, a afinidade dos
receptores para muitos desses ligantes € baixanealguns casos, a relevancia
fisioldgica do ligante ainda néo foi determinad&RKEBINGER; TONTONOZ, 2008).

O PPARYy é o alvo molecular de uma classe de ligantestgiogéconhecidos
como Thiazolidinadionas (TZDs). Essas moléculassy&® como caracteristica
principal a presenca de um anel diona (figura 5Ciglitazona, o primeiro agonista do
PPARYy apresentou bons resultados em melhorar a glicemienodelo de resisténcia a
insulina, entretanto ndo foi comercializada porseathepatotoxicidade. Troglitazona,
foi a primeira agonista de PPARaprovada peldJS food and drug Administration
(FDA) para o tratamento da diabetes tipo 2 em 1997,apés encontrado casos de
hepatotoxidade (WATKINS; WHITCOMB, 1998), foi reisla do mercado pela
confirmacdo de grave hepatotoxicidade e morte (MLE003). Rosiglitazona e
pioglitazona, aprovadas para uso pela FDA em 1888, consideradas a segunda

geracao de agonistas do PPRR-
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Figura 5 — Estrutura quimica das tiazolidinadionas
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Fonte: (GUO et al., 2006)

Primariamente as TZDs exercem acdes sensibilizaddsaacdo da insulina
diretamente sobre os adip6citos e indiretamente alberar a liberacdo de
adipocitocinas. De acordo com o efeito direto, ABF promovem a captacao e estoque
de acidos graxos no tecido adiposo, aumentando ssandesse tecido e poupando
outros tecidos sensiveis a insulina, como o musesiguelético e figado (YKI-
JARVINEN, 2004). Em outras palavras, as TZDs proemo\a distribuicdo de gordura
das células do figado e musculo esquelético paadipscitos.

Os efeitos indiretos das TZDs sobre o tecido adigosielhora da sensibilizagéo
da insulina esta relacionado com a adiponectinasa Eproteina €é secretada
exclusivamente pelo tecido adiposo e possui prdades sensibilizadoras da insulina,
promovendo uma maior captacdo de acidos graxornsaptacdo e utilizacdo da
glicose no tecido adiposo e muscular e a menor ugémd hepética de glicose,
promovendo, assim, um melhor controle dos niveisaede glicose, de acidos graxos
livres e triglicérides (FEIGE et al., 2006). De wmm com Bajaj et al. (2004), a
utilizacdo da pioglitazona em pacientes com diabgp® 2 resultou em um aumento
significativo nos niveis plasméticos de adiponectjne foi associada com a melhora da
resisténcia a insulina e diminuicdo no conteudbypddio hepatico.

Além da expressdo no tecido adiposo, o PRARexpresso em células que
compdem as lesdes aterosclerdticas, como céluldetadiais, musculares lisas e
monaocitos/macréfagos (COLLINS et al., 2001). Diadisso, evidéncias tém indicado

que em adicdo a sua atividade antidiabética, assTajpesentam também atividade
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antiaterosclerética e o potencial antiaterogénios dgonistas de PPARtem sido
sugerido em estudos com modelos animais de aterosel (LI et al., 2000; COLLINS
et al.,, 2001) e em ensaios clinicos utilizando g#els com diabetes tipo 2
(MINAMIKAWA et al., 1998; LANGENFELD et al., 2005).

De acordo com Li et al. (2000), agonistas espexdfie PPARrforam capazes
de inibir o desenvolvimento de lesdes aterosclastiem camundongos LDLR-+/-
apesar de aumentar a expressdo do receptor scaveD8é na parede arterial. Os
efeitos antiaterogénicos foram associados a umlaameeha sensibilizacdo da insulina e
diminuicdo da expressédo tecidual do fator de nectosiorala (TNF-o) e MMP-9,
indicando agdes coordenadas locais e sistémicasilaBnente, em pacientes com
diabetesmellitus tipo 2 (DM2), a pioglitazona conseguiu diminuireapessura da
carotida, a qual esta fortemente associada consendelvimento de acidente vascular
cerebral e infarto (LANGENFELD et al., 2005).

Um numero de genes-alvo do PPARem sido documentado estar relacionado
com as agbes biologicas locais mediadas por essptoe nuclear no sistema
cardiovascular. Por exemplo, ligantes de PRARduziram a producdo de citocinas
inflamatorias, como IL-f, IL-6, sintase de 6xido nitrico induzivel (iNOS) fator de
necrose tumoralk- (TNF-u), por inibir a atividade de fatores de transcricGmo AP-1,
STAT e NFxB em mondécitos / macréfagos (JIANG; TING; SEED, 8R9Esses dados
sugerem que a ativacdo do PPpRode ter efeitos benéficos na modulacéo da respos
inflamatoria na aterosclerose.

A expressdo de moléculas de adesao pelas céluasebais leva a adesao de
leucécitos, que é considerado um passo critico micioi da lesdo aterosclerética.
Evidéncias comprovam o papel importante dos ligarde PPAR¢ em inibir a
expressdo de VCAM-1 e ICAM-1 e também diminuir aducdo de quimiocinas, como
IL-8 e MCP-1, através de supressao do AP-1 e plErk células endoteliais (PASCERI
et al., 2000). As células musculares lisas tamb&sempenham um papel importante na
progressao da aterosclerose, através da sua podite e migracdo dentro das lesbes
ateroscleroticas e as TZDs inibem esses dois evertolares (MARX et al., 1998).

Por outro lado, a ativacdo do PPARros macrofagos desencadearia efeitos
proaterogénicos, uma vez que ele regula positiveeanen expressdo do receptor
“scavenger” CD-36, responsavel pela captacdo d®bxt consequente formacado de

células espumosas (TONTONOZ et al., 1998). Enttefastudos comprovam que a
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ativacdo de PPAR-ndo induz a formacgdo das células espumosas, Gstju@ eles
também sdo capazes de induzir a expressdo do geneaglifica o transportador
ABCA-1, responsavel por controlar o efluxo de ctded dos macréfagos mediado pela
apoAl. Esses efeitos sédo provavelmente devido awaio na expressao do receptor X
do figado (subtipa) (LXR a), um receptor nuclear que é ativado por oxistezdigie
tem a capacidade de induzir a transcricdo do toatesjor ABCA-1 (CHINETTI et al.,
2001). Dessa forma, a ativacao farmacoldgica doRRPpode reprimir varios eventos
patolégicos importantes que sdo necessarios paesenvolvimento e progressao da
aterosclerose.

Apesar de existirem diversos estudos mostranddeite®vasculares favoraveis
dos agonistas de PPAR-os efeitos cardiovasculares das TZDs tornam-ge dé
intensa discussdo. Em uma recente metanalise,tamgato com rosiglitazona foi
associado a um aumento dos riscos de infarto deamlm e mortalidade por causas
cardiovasculares (NISSEN; WOLSKI, 2007). De formantcoversa, no estudo
PROactive, o tratamento com pioglitazona foi asstiwia reducdo do risco combinado
de infarto agudo do miocardio, acidente vasculeelral e mortalidade em 16%, entre
pacientes diabéticos de alto risco cardiovascB@RMANDY et al., 2005). E possivel
que os efeitos danosos apresentados pela rosigl#azejam especificos dessa
molécula, ndo representando um efeito de classdretBnto, 0S mecanismos
determinantes do aumento de risco cardiovascuknceslo as TZDs ainda ndo séo

conhecidos.

4.1.4.2 Novos Ligantes do PPAR-

O envolvimento do PPAR-em diversos processos biologicos, principalmente
na modulacdo do metabolismo lipidico e respostharnrdtoria torna esse receptor
nuclear um importante alvo para o desenvolvimemoadvas moléculas. As TZDs,
utilizada clinicamente para tratar pacientes com2DMB0 moléculas que possuem
interacdo especifica com o PPAR-por essa razdo sao consideradas potentes agonist
desse receptor nuclear. Entretanto, a utilizac&0oTd#®s esta relacionada com diversos
efeitos colaterais como ganho de peso, retencéiuid® e hepatotoxicidade (YKI-
JARVINEN, 2004), os quais podem ser responsavess pescos cardiacos associados

com a utilizacdo desses farmacos (NISSEN; WOLSHBQ72. Dessa forma, diversas
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pesquisas estdo sendo realizadas para encontrar daowlidatos a farmacos, que

possibilite o tratamento dessas patologias senacafmsitos colaterais tdo severos.

4.2 DOENCA DO FIGADO GORDUROSO NAO-ALCOOLICO (NAFLD)

4.2.1 Patogénese da NAFLD

Hipernutricdo é a causa mais comum de acumulopddids em excesso nos
hepatdcitos e estima-se que mais de seiscentofeaniltle pessoas em todo o mundo
com excesso de peso ira desenvolver doenca heptidarosa (STEPHEN et al.,
2012). Na pratica clinica, o diagnéstico inicial dsteatose hepatica € geralmente
estabelecido com técnicas de imagens radiologjels, presenca da acumulacédo de
gordura hepaticg=5 %, na auséncia de outras causas reconhecidasrdera no
figado, como por exemplo, alcool, virus e medicaoe(BYRNE; TARGHER, 2015).

A NAFLD é uma condicao clinico-patoldgica caractada pela significativa
deposicao de lipidios nos hepatdcitos do figado albenacdes persistentes nas enzimas
hepéticas como AST e ALT. (SONSUZ et al., 2000)bBra o quadro histolégico se
assemelhe ao de les@o hepética induzida pelo AkdOAFLD ocorre em pacientes que
nao abusam do alcool (EL-KADER; ASHMAWY, 2015). Bgzatologia compreende
um amplo espectro de danos no figado, variandost&tese macrovesicular simples
para esteatohepatite n&o-alcodlica (Figura 6)pdbravancada e cirrose (ANGULO,
2002). Estudos tém mostrado que cada vez mais, FLNA reconhecida como uma
causa do estagio final da doenca hepética e exiéiasa com aumento das taxas de

carcinoma hepatocelular (HCC), transplante de @igadnorte (CHARLTON et
al., 1997; MCCULLOUGH, 2002; SASS et al., 2005)

Figura 6— (A) caracteristicas histologicas de esteatoseplesne da esteatohepatite néo-

alcodlica
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Fonte: (EL-KADER; ASHMAWY, 2015).
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Mesmo ndo sendo ainda muito compreendida, é recmithgque a resisténcia a
insulina (RI) desempenha um papel importante naggamese da NAFLD. Em
individuos saudaveis, a insulina estimula a absohggpatica bem como a absorcéo de
glicose periférica e suprime a producao de gliduggatica (EDENS et al., 200%or
outro lado, no estado de jejum, o figado torna-decal principal de producéo de
glicose mediada por glicogendlise e gliconeogén@3®WMAN et al., 2010;
TARGHER et al.,, 2010). Em pacientes com resisger&iinsulina (RI), a auto-
regulacdo hepatica € interrompida e, por conseguiasinto a gliconeogénese e a
glicogendlise sdo aumentadas resultando no desémesito de hiperglicemia
(GAGGINI et al., 2013).

Como mostrado na figura 7, uma parte importantpatagénese da NAFLD é
desempenhada pela resisténcia a insulina, o sixdativo, e a cascata inflamatoria.
De acordo com a teoria do " multiplo hit ", a hipsulinemia no &mbito da resisténcia a
insulina conduz, numa primeira fase, a um aumeatdilibrtacdo de &cidos graxos
livres a partir de adipdcitos e que sao entédo alwks pelo figado, onde se acumulam e
resultam na esteatose. Este passo inicial é sequodouma série de interaracdes
complexas entre o0s hepatécitos, células de Kupffdipécitos, mediadores
inflamatorios, e radicais de oxigénio. O result@éda esteatohepatite ndo-alcodlica. A
inflamacéo crénica contribui para a progressaesad hepéatica e, a longo prazo, para o

desenvolvimento de fibrose e cirrose (WEIR et2dl14).
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Figura 7 - Patogénese da doenca do figado gorduroso nao-aléodl
(NAFLD)
Esteatos Esteatohepati Fibrose HCC
Cirrose
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(WEIR et al., 2014).

4.2.2 Metabolismo Lipidico e NAFLD

O figado desempenha um papel importante no mesaholidos lipidos,
importando e produzindo acidos graxos livres (FFFAs)ocando e exportando lipidios.
Sendo assim, alteragbes em qualquer um destes sposcepode levar ao
desenvolvimento de NAFLD (MUSSO et al., 2009). Asicgraxos sdo envolvidos em
eventos celulares importantes, como por exemptdes# de membranas celulares,
estoque de energia e vias de sinalizacdo celuldretanto, a elevacdo cronica dos
niveis de FFAs pode desrregular diversas vias ritab e induzir a resisténcia a
insulina (RI) em muitos 6rgéos.

No figado, o acumulo de gordura tem sido assocdiedforma bastante clara a
resisténcia a insulina (PETTA et al., 2009; UTZSGHDER; KAHN, 2006). A
presenca de resisténcia a insulina no tecido adljasnenta a lipdlise e a liberacao de

FFAs do tecido adiposo para o figado. Em particaasbesidade aumenta a producéo
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de TNFx nos adipdcitos, facilitando a resisténcia a imsutiesse tecido e aumentando a
taxa de lipdlise (HOTAMISLIGIL, 2006). Assim, o$Rs circulantes sédo elevados em
individuos obesos e séo os lipidios mais presemtggocesso de NAFLD (SAVAGE;
SEMPLE, 2010).

Em condi¢Ges fisiolégicas, a sintese de trigliGesdTG) é estimulada pelo
excesso de FFAs. Os TGs podem entdo ser armazenadfisma de goticulas de
lipidos dentro dos hepatécitos ou secretados pasngue em forma de lipoproteina de
muito baixa densidade (VLDLS) (POSTIC; GIRARD, 2D0Bstudos em roedores tém
mostrado que 0s mecanismos que levam ao acumudssxe de TGs no figado estado
associados com o aumento da oferta de FFAs dootealghoso para o figado, bem
como um aumento na sintese de lipidios atravésadguwgénica. Por outro lado, a via
da p-oxidacdo e exportacdo de VLDLs sdo moderadamefetadas (LEWIS et al.,
2002).

Ao nivel celular, defeitos nas vias de sinalizagaansulina contribuem para o
aumento de fluxo de FFAs no figado, o que, porveza ativa uma série de cascatas de
sinalizacao e leva a fosforilagéo de varios sutzstrél'lLG; MOSCHEN, 2010). FFAs
e colesterol, especialmente quando acumulados macandria, sdo considerados
lipidios "agressivos" levando a lesdo hepética adzdipor TNk e a formagédo de
espécies reativas de oxigénio (ROS) (FELDSTEINIet2804; MARI et al., 2006).
Como ja € conhecido, 0 excesso de FAs causa lipolexle através da inducdo e
producao de ROS, causando inflamacao, apoptossjrae,a progressao para a NASH e
fibrogénese (CHEUNG; SANYAL, 2008; MALHI; GORES, @8).

Em resumo, o acumulo de TGs no citoplasma dos depzt é considerado
como um marcador chave da NAFLD, surgindo a pdeium desequilibrio entre a
aquisicao de lipidios (captacdo de FAs e lipogémksaovo) e remocdo (oxidacao
mitocondrial de FA e exportagdo de particulas d®ML. bem como a participacéo de
multiplos mecanismos fisiopatoldgicos da NASH (fay8). Sendo assim, a fim de
controlar a progressdo da NAFLD, é importante ce®pder os mecanismos de

regulacédo do acumulo de lipidios hepatBBRLANGA et al., 2014)
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Figura 8 — esteatose Hepatica
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Fonte: (BERLANGA et al., 2014)

Legenda- A marca da NAFLD é a acumulacéo de triglicéridoscitoplasma de hepatdcitos,
como resultado de um desequilibrio entre a engadlaaida de lipidios: 1- aumento da absor¢éo
de FFAs derivado da circulacdo devido a um aumdattipdlise no tecido adiposo e / ou a
partir da dieta em forma de quilomicrons; 2- um anta nos niveis de glicose e insulina em
resposta a ingestdo de carboidratos que promoygogéhese novo; 3- uma diminuicdo na
oxidacdo dos FAs mitocondriais; 4- uma diminuic&secrecdo de triglicerideos hepaticos
através do empacotamento de ApoB em particulad @V

4.2.3 Participacéo da inflamagao na NAFLD

A inflamacdo é o conteudo patogénico de varias ghmemepaticas agudas e
cronicas, contribuindo para a progresséo do dapétice e evolucdo para estagios mais
graves como a fibrose e carcinoma hepatocelulalCHSZABO et al., 2007). Além
dos hepatécitos, o figado também contém um complep@rtério de células linfoides e
nao linfoides, que possuem papel chave na imundeedio hepatica e defesa
(BOGDANOS et al., 2013).

As células que fazem parte da imunidade inata gad& incluem células de
Kupffer, monécitos, neutréfilos, células dendriid®Cs), células natural killer (NK),
e natural killer T (NKT). Essas células iniciam antém a inflamacédo hepéatica através
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da producdo de citocinas (LIASKOU et al., 2012).pfoducdo desrregulada de
citocinas apds lesdo hepéatica pode resultar emenaxtessiva dos hepatdcitos, um
evento chave encontrando em vérias doencas hepaticaudas e crbnicas
(SCHATTENBERG et al., 2011) Abaixo segue um resuwas principais células e

citocinas importantes no processo inflamatorio tiepa

4.2.3.1 Células de Kupffer

Céulas de Kupffer (residentes ou derivadas de mimsydem a capacidade de
fagocitar e, depois da sua ativacéo, elas liberdmcicas como TNFe, IL-1 e IL-6,
bem como as quimiocinas CXCL1-3, CXCL-8, CCL2-4dennicia a resposta de fase
aguda (ex: proteina C reativa, componentes do @mngito) e inflamacdo. As
citocinas proé-inflamatérias liberadas das célukagkuapffer ativadas podem promover a
apoptose dos hepatdcitos, esteatose e inflamacas, também podem interagir
diretamente com as células estreladas hepéticaSHS8ia TGFB, contribuindo para
a diferenciacdo dessas células em miofibroblastpeo@ucdo de coldgeno (TACKE,
2012). Além disso, estas citocinas pro-inflamagpadem também ativar as células
endoteliais sinusoidais hepaticas que regulam ipasiente as moléculas de adesao
como ICAM 1 e 2 e VCAM-1, estimulando o recrutanoedé neutréfilos, mondcitos, e
células NKT para o figado (SILVA, 2010).

4.2.3.2 Neutrofilos

Apés sua ativacdo, os neutréfilos alteram o seutijgm e liberam sinais
citotoxicos como ROS, oxidantes, defensinas e agimas para atrair mais monocitos
e neutrofilos para o local da inflamacéo. Essesatitos podem se diferenciar em
macrofagos teciduais e liberar TNF- IL-1B, fator estimulador de colénias de
granulécitos (G-CSF) e fator estimulador de col$niganulécito-macréfago (GM-
CSF), extendendo a vida util dos neutrofilos, assistentando sua presenca no sitio de
inflamacéo (SOEHNLEIN; LINDBOM, 2010)

4.2.3.3 Natural Killer (NK) e Natural Killer derindas de células T (NKT)

O figado é também rico em células NK e NKT, quees@nta funcéo de defesa
do patdgeno, recrutamento de células T e moduldedesado no figado . As células
NK séo reguladas por citocinas liberadas peladastie Kupffer (por exemplo, IL - 12

e IL -18 ), bem como as células NKT séo regulgoela IL - 4. As células NK
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modulam as respostas das células T no figado,quem alteracdes intracelulares em
células endoteliais e hepatdcitos, e pode até mesm@mmente promover a morte ou
lise dos hepatdcitos . Além disso, demonstrou-geagucélulas NK pode matar células
estreladas ativadas, melhorando assim a fibrosibap(CLARIA, 2012).

4.2.3.4 Células dendriticas hepaticas

Células dendriticas hepaticas sdo as células apeeeas de antigeno no
figado. Em condi¢cdes inflamatérias, essas célutadyzem citocinas como IL-12 e
TNF-0 e expressam moléculas co-estimulatérias como GD=B80 e CD86 (DE
CREUS et al., 2005)

4.2.4 Receptores Ativados por Proliferadores de Peroxissmws (PPARS) e

NAFLD

Os trés isotipos de PPARs (PPARPPARy e PPARS/B) possuem papéis
importantes na patogénese da NAFLD como é exegulifi na figura 9.

O PPARa é bastante expresso no figado e especialmentdepaocitos, o
PPAR« é responsavel pelo transporte de acidos grabex@édacdo para diminuir o
estoque de lipidios. O PPARtambém modula a gliconeogénese e o metabolismo dos
aminoéacidos (LEFEBVRE et al., 2006; STAELS et 2008). Aléem da atuacao sobre o
metabolismo, essa isoforma é responsavel por dantaoinflamacdo no figado e em
outros tecidos. O PPAR-nibe diretamente genes inflamatérios ativados pé&F«B
(STAELS et al., 1998) e reduz a expressao da lhellzida pela proteina C reativa
(PCR) em hepatocitos primarios de humanos (KLEEMA&iNal., 2003). Os efeitos
anti-inflamatérios do PPAR- no figado podem também estar relacionados com a
habilidade dessa isoforma de aumentar a expregsgends como aB-o, um inibidor
citoplasmatico do NkB (KLEEMANN et al., 2003)

O PPARy é altamente expresso em tecido adiposo, onde ai&oa a
diferenciacdo de adipécitos e sua ativacdo desdmpe&m papel importante no
aumento a sensibilidade a insulina, bem como emm@ver a absor¢cdo de &cidos
graxos nos adipdcitos. O efeito liquido deste msoaeduz a entrega de acidos graxos
para o figado (LALLOYER; STAELS, 2010; FIEVET; STAE, 2009). Existem varios
trabalhos na literatura que apontam que a ativé@oacologica ou ndo do PPAR-
exerce efeitos favoraveis sobre o figado. A sugeessdo do PPAR-mediada por

adenovirus reduziu a esteatose hepatica, inflamacdibrose em um modelo de
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esteatohepatite (NAN et al., 2011). Similarmentetilzacdo da rosiglitazona, impediu
0 desenvolvimento de NASH em um modelo animal irbuzom dieta deficiente de
colina-metionina (NAN et al., 2011). Entretantcaumento da expressao de PPAR-
uma caracteristica do figado esteatoético e vastsdes atribuem um papel causal do
PPAR« no desenvolvimento da esteatose por mecanismosryaodvem a ativacéo de
genes das vias da lipogénese e da lipogédesaovo(MATSUSUE et al., 2003;
GAVRILOVA et al., 2003)Corroborando com esses dados, a dele¢cdo do RRAR-
hepatocitos e macrofagos protegem o0s camundongosaca esteatose hepatica
induzida por dieta (MORAN-SALVADOR et al., 2011)ugerindo um papel pro—
esteatotico do PPAR-tanto nas células do parénquima bem como nasaséhdo-
parenquimatosas. Adicionalmente, o tratamento aeundongos ob/ob (um modelo
animal que reproduz muitos dos distarbios metabsligresentes em pacientes com
NAFLD, mas nado progressao espontanea para NASHYasiglitazona néo reverteu as
alterac6es histologicas da NAFLD, mas aumentoutiesse oxidativo e a esteatose
nesses camundongos (GARCIA-RUIZ et al., 2007).

Em contraste com os papéis farmacoldgicos de PRARPPAR que sao
relativamente bem definidos, o papel do PP#R-como um alvo farmacoldgico
permanece menos claro. No entanto, torna-se cadenais evidente que PPAIRS é
um regulador metabdlico importante, com ac¢des necold esquelético, gordura,
intestino, figado e coracdo. Quando ativado, ebeestia 0 transporte de acidos graxos e
a oxidacdo, melhora homeostase de glicose atraxésalhoria da sensibilidade a
insulina e inibicdo da produgcdo de glicose, atemuaesposta inflamatéria dos
macréfagos e aumenta as concentragfes plasmagchdd (GROSS et al., 2005).
Especificamente no figado, o tratamento farmacotbgom GW501516, um agonista
do PPAR&é/B, melhorou a esteatose hepatica e a inflamacdo mmmodelo de
camundongo induzido por dieta (NAGASAWA et al., @D00s efeitos benéficos do
PPAR+/B sobre a doenca hepética gordurosa pode ser edpligalo papel dessa
isoforma sobre os diferentes tipos celulares dadfig O PPARY/B € expresso em
células do parénquima hepatico que sdo responga@keidiminuicdo do conteudo de
lipidios, evento esse que acontece pelo aumentf-alddacdo dos acidos graxos
hepéaticos (NAGASAWA et al., 2006).
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Figura 9 — Localizacdo celular especifica das tréGsoformas de PPAR e seus potencias
efeitos sobre a NAFLD
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4.25 NAFLD e Aterosclerose

A NAFLD esta relacionada com obesidade, resisténdiresulina, hipertensao e
dislipidemia, sendo considerada componente da @iregmetabdlica. O aumento da
mortalidade de pacientes com NAFLD esta associadais ncom doencas
cardiovasculares do que com as proprias complisagéferentes a doenca hepatica
gordurosa (POLIMENI et al., 2015).

A NAFLD e aterosclerose sao patologias caracteaggelo acimulo de lipidios
e inflamacdo cronica (MA et al., 2008, WOOLLARD; [GISMANN, 2010) e
numerosos estudos tém mostrado a NAFLD como um ricope fator de risco
cardiovascular (TARGHER et al., 2008; BHATIA et,aP012). Kleemann et al,
demonstraram que apds 10 semanas de uma dietnricalesterol (1% de colesterol),
camundongos fémeas APOE*3, apresentaram lesdess@tenticas correlacionadas
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com niveis plasmaticos da proteina A amiloide, snde que a resposta inflamatoria
hepética esta envolvida na formacgéo de lesdessateréticas inicias (KLEEMANN et
al., 2007). Devido ao papel proeminente do figadacaptacdo de lipidios, a resposta
inflamatoria hepatica em modelos hiperlipidémicasecpde a formacédo da placa.
Evidéncias sugerem que exista um compartilhameetalnlico e fatores inflamatérios
associados com a ativacdo de macrofagos na aenasele NAFLD (MAINA det al.,
2012; LINGREL et al., 2012). Todas essas informac@goiam a proposta de que a
NAFLD e aterosclerose séo, na verdade, dois aspdetoma mesma patologia.

A progressdo da aterosclerose e NAFLD sdo acomgashapelo
desenvolvimento de inflamacgé&o, onde diversos fateé® expressos, incluindo varias
quimiocinas (proteina quimiotatica de mondocitos MCP-1), citocinas (factor de
necrose tumorak TNF-o), interleucina-6 (IL-6) e proteina C-reactiva (QRP
(HANLEY et al., 2005; SERINO et al., 2007; WUNDERIH et al., 2010; BAECK et
al.,, 2012). Na aterosclerose, os macréfagos sa@zeapde acumular grandes
guantidades de lipidos, se transformar em célidpareosas e conduzir a aterogénese
(GUI et al., 2012; TRUMAN et al., 2012). O mesmmgesso de acumulacdo de
macrofagos carregados com lipidos foi observaddNA&LD, onde camundongos
hiperlipidémicos apresentaram células de KupffelCgK espumosas (repletas de
lipidios) apds a administracdo de uma dieta meagyerdura (WOUTERS et al., 2008).

Sendo assim, farmacos de possam atuar regulandetabatismo lipidico e
controlando a inflamacéo, se tormam terapais iraptes para melhorar a NAFLD e

reduzir o desenvolvimento da aterosclerose.
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Abstract

Non-alcoholic fatty liver disease (NAFLD) definesnade spectrum of liver diseases
that extends from simple steatosis to non-alcohsleatohepatitis. Although the
pathogenesis of NAFLD remains undefined, it is gguped that insulin resistance is
present in almost all patients who develop thigase. Thiazolidinediones (TZDs) act
as an insulin sensitizer and have been used irtréa¢ément of patients with type 2
diabetes and other insulin-resistant conditionsjusing NAFLD. Hence, therapy of
NAFLD with insulin-sensitizing drugs should ideallynprove the key hepatic
histological changes, while also reducing cardi@pelic and cancer risks.
Controversially, TZDs are associated with the dewelent of cardiovascular events
and liver problems. Therefore, there is a needHerdevelopment of new therapeutic
strategies to improve liver function in patientshwehronic liver diseases. The aim of
the present study was to assess the therapewtictefif LPSF/GQ-02 on the liver of
LDLR-/- mice after a high-fat diet. Eighty male raievere divided into 4 groups and
two different experiments: 1-received a standaed; @-fed with a high-fat diet (HFD);
3-HFD+pioglitazone; 4-HFD+LPSF/GQ-02. The experitaemere conducted for 10 or
12 weeks and in the last two or four weeks respelgti the drugs were administered
daily by gavage. The results obtained with an NAFkiDrine model indicated that
LPSF/GQ-02 was effective in improving the hepatichéecture, decreasing fat
accumulation, reducing the amount of collagen, elsing inflammation by reducing
IL-6, INOS, COX-2 and F4 / 80, and increasing thet@n expression ofkBa,
cytoplasmic NkB-65, eNOS and IRS-1 in mice LDLR -/-. These reswdtiggest a
direct action by LPSF/GQ-02 on the factors tha¢efinflammation, insulin resistance
and fat accumulation in the liver of these animglsither studies are being conducted
in our laboratory to investigate the possible madra of action of LPSF/GQ-02 on

hepatic lipid metabolism.

Keywords: LPSF/GQ-02, NAFLD; inflammation; insulin resistanbepatic steatosis
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the si@aommon cause of hepatic
disease in western civilization [1] and is consaderas a hepatic manifestation of a
metabolic syndrome strongly associated with dydépiia, obesity, hypertension and
insulin resistance[2]. NAFLD covers a spectrum athplogies that range from simple
hepatic steatosis to non-alcoholic steatohepdhifsSH), which is characterized by cell
ballooning, inflammation and different degrees ihirdsis [3]. Considering that the
inflammation found in steatosis is usually benitre most advanced state of NASH,
and particularly fibrosing NASH, is one of the maauses of cirrhosis and mortality
related to the liver [4].

One of the important and unresolved problems in NASthe pathogenesis of
hepatocyte injuries. One hypothesis for the pathegis of NAFLD is the “two-hit”
hypothesis [5]. According to this paradigm, thexymry abnormality (“first hit”) is most
likely insulin resistance (IR), which leads to #xumulation of triglycerides within the
hepatocytes. Then, a “second hit” induces the loegtd injury and inflammation
(NASH) [6].

Hepatic inflammation can also induce insulin resise via an imbalance in the
secretion of pro-inflammatory cytokines, subsequent activation of
inflammatory/oxidative transcription factors [7]. Aey transcription factor that
mediates the inflammatory response in hepatocgtesiclear factokB (NF-B) [8, 9].
Activated hepatic NkeB alone can drive insulin resistance, as evideigethe finding
that transgenic expression of the inhibitor of eaclfactorB kinase subunip (IKK-
kB), which increases NkB activity, resulted in overt insulin resistancamice fed with

a normal chow diet [10].
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NF-xB activation increases the secretion of a numbeprofinflammatory
cytokines, including interleukin (IL)-6, TNE and IL-1B [7]. NF«B activation involves
a complex series of signaling events that begirhk thie activation of the inhibitatB
(IxB) kinase complex, which, in turn, phosphorylateB [11, 12]. kB is an inhibitor
protein of NF«xB that binds to NReB, sequestering it in the cytoplasm [13]. However,
once phosphorylatedxB is targeted for ubiquitination and subsequentraigagion,
leaving NF«B free to translocate to the nucleus and initiate ttanscription of target
genes [14]. These findings provide strong evideghaethe liver is a primary site of the
inflammatory action that causes insulin resistanaed that NFR<B is a central
pathogenic factor underlying inflammation-inducedulin resistance.

Thiazolidinediones (TZDs) are a class of oral ambetic medication that
improves insulin resistance by acting as a selecigonist of the peroxisome
proliferator activated receptor gamma (PRAR15, 16]. Troglitazone, the first
generation TZD, has been withdrawn from the mardteé to its hepatotoxicity
[17], whereas rosiglitazone and pioglitazone areosd generation TZDs and are
currently available for clinical use [16, 18]. Theadistribute fat from muscle and the
liver to adipose tissue and thereby improve perghgskeletal muscle) and hepatic
insulin sensitivity [16].

In general, TZDs improve hepatic histology in patsewith NASH, although
their favorable effect on steatosis is more stgkihan on other histological variables
such as inflammation, ballooning or fibrosis. Thi@vorable effect on liver histology
and liver biochemistry disappears upon their difooation, suggesting that long-term
treatment is required to maintain their therapebgaoefits[19]. This is potentially a
significant issue as recent studies have questidhedlong-term safety of TZDs

(especially rosiglitazone) [20]. Since the majordly the participants in these studies
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were non-diabetic, it is not clear if TZDs are dbueffective in diabetics with NASH.
Furthermore, it is possible that TZDs alone, withidestyle modifications, may not be
as effective [21].

Existing treatment for liver diseases is limited atifferentiated, depending on
the etiology and / or persistence of the stimulagieneral, current therapies try to stop
or delay tissue injury, only managing to minimizenthge in the cells in order to reduce
the complications associated with the disease. Wthenapeutic measures are not
effective, patients may progress to cirrhosis [22liver transplant is the most effective
treatment available for patients with chronic livaiture [23]. Therefore, there is a need
for the development of new therapeutic strategeesniprove the liver function of
patients with chronic liver diseases.

In this context, our laboratory has already begiahogical assessment studies
with thiazolidine derivative LPSF/GQ-02 compound45€hloro-benzylidene)-3-(4-
methylbenzyl)-thiazolidine-2,4-dione, using biooheal, molecular, morphometric and
ultra-structural analysis. The results have demated that LPSF/GQ-02 was effective
in decreasing the risk factors associated withdineelopment of atherosclerosis, such
as insulin resistance and inflammation, and corsetiyy reducing atherosclerotic
plague in mice without the LDL receptor (LDLR-/4]. Molecular modeling studies
using nuclear PPAR-as molecular target available on the PDB datalaaséPRG,
suggested that LPSF/GQ-02 is a PRAdand [25].

In the present study, mice with NAFLD, induced blyigh-fat diet, were treated
with LPSF/GQ-02 and assessed in relation to theldpment of hepatic steatosis and

inflammation.
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Materials and Methods

Ethics Statement

This study was carried out in accordance with tthecal principles in animal
experimentation adopted by the Colégio Brasileire Hxperimentacdo Animal
(COBEA). The protocol was approved by the Commitbeethe Ethics of Animal

Experiments of the Fundag¢ao Oswaldo Cruz — FIOCRRR&mit Number: L-010/09).

Synthesis of Thiazolidine Derivative LPSF/GQ-02

LPSF/GQ-02 representing the compounds 5-(4-chlereyidene)-3-(4-
methyl-benzyl)-thiazolidine- 2,4-dione was syntkesi at the Department of
Antibiotics of the Universidade Federal de Pernacab (Brazil) following the

methodology described by Mourao et al. [26].

Study Design

Eighty mice were used, divided in 8 groups, aliwbiich were homozygous for
the absence of the LDL receptor gene (LDLR-/-), egyated in the C57BL6/J
background, obtained from Jackson Laboratories (\J8A bred in the vivarium of the
Centro de Pesquisas Aggeu Magalhdes. The statbeohealth of the mice was
determined and they were acclimated in a laboratawyronment with a temperature of
22°C (£1°) and artificial light from fluorescentntgs for a light/dark period of 12/12
hours. After weaning, the animals were submitte@ tstandard diet for eight days of
adaptation. After this period, they received areaifenic diet for 10 weeks [27] with
drugs and they were separated into groups (n=1@)abmitted to daily treatment by

gavage with pioglitazone and LPSF/GQ-02 for 15 dagdollows:



Amanda K.S. Silva Avaliacdo dos Mecanismos de Acéo.......... 68

Control15 — This group received a standard dietughout the entire experiment.
HFD15 — This group received the atherogenic didtiHconsisting of 21% milk fat
and 1.25% cholesterol [27].

P1015 — This group received HFD and was treatett @fimg/kg/day of pioglitazone
for 15 days [28].

LPSF/GQ-02-15 - This group received HFD and waatéce with 30mg/kg/day of
glitazone LPSF/GQ-02 for 15 days [26].

A second experiment assessed the glitazones fonget period of time. The
animals were submitted to the abovementioned @jtaithough they received the
atherogenic diet for 12 weeks [29] and the drugseveelministered during the last four
weeks of the experimental diet, totaling 30 days tfatment with glitazones
(Controle30/ HFD30/ PI0O30/ LPSF/GQ-02-30). The aibenic diet was acquired
commercially (PragSolucbes Biociéncias). The armsnald free access to water and
were kept in a controlled light cycle of 12 houight/darkness. At the end of the
therapy, the animals were anesthetized (Ketaminasiye) before blood collection by
cardiac puncture (without anticoagulant). The sewas separated and stored at -20°C
for biochemical measurements. The livers were disske and fixed for posterior
processing (morphological analysis) and frozen&2°C for posterior western blotting

analysis.

Biochemical Determinations

Serum levels of aspartate aminotransferase (A®13g| tholesterol (TC), high-
density lipoprotein (HDL), triglycerides (TGs), Leskensity lipoprotein (LDL) and
glucose were determined photometrically in the Golméegra 400 automatic analyzer

(Roche, Mannheim, Germany), using Roche kits.
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Histopathology

Liver fragments were fixed in 10% formalin for 24ours, before being
processed and embedded in paraffin. Sections pfm-ivere cut and mounted on glass
slides. The sections were stained with hematoxgtisin (HE) and assessed with an
inverted microscope (Observer Z1, Zeiss Microlmggi@mbH), equipped with a
camera and 4.7.4 image analysis software (Axion®HRm Zeiss), at a magnification

of 400 x.

Oil Red O Staining

In order to specifically detect lipids, samples hadpatic tissue were fixed in
paraformaldehyde at 4% for 2h and embedded O.Ci$s|&-Tek, Zoeterwoude,
Netherlands) in the presence of liquid nitrogerteAfiards, frozen cuts & thickness)
were made on a cryostat and the samples were tked With pure formaldehyde
solution for 15 minutes. Next, the slides werersdiwith hematoxylin for 30 seconds
to identify the nuclei of the cells. The cells wehen washed in distilled water and
stained with Oil Red O for 15 minutes. Five imagéghe same magnification were
quantitatively analyzed using Gimp 2.6 software (GMhage Manipulation Program,

UNIX platforms).

Determination of Liver Triglyceride Content

Livers were immediately collected and snap frozetiquid nitrogen. A 50-mg

piece of liver was homogenized in PBS. Folch’s essdCHCI3/MeOH, 2:1) (0.75 ml)
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was added to the homogenate. The nonaqueous plaaseollected, and 30ul of 200
mg/ml Triton X-100 in CHCI3 was added. Samples waried and triglycerides level
was performed using the Roche kit by photometrichoe in the analyzer Cobas

Integra 400Roche, Mannheim, Germany.

Picrosirius Red Staining

The cuts were stained with Sirius Red to assessiti@unt of collagen in the
liver. The slides were pre-treated with xylene émove paraffin and hydrated with a
decreasing amount of ethanol. Subsequently, thewete stained with 1% Sirius Red
solution in saturated picric acid for 2 hours andrtder-stained with a solution of Fast
green at 0.1% for 30 seconds. After this procdssstides were dehydrated in ethanol
at 100%, cleared in xylene and mounted. Five imajd¢he same magnification were
quantitatively analyzed using Gimp 2.6 software (GMhage Manipulation Program,

UNIX platforms).

Immunohistochemical Assays

Five sections (5 um in thickness) of each groupewoert and adhered to slides
treated with 3-amino-propyl-trietoxi-silane (APESigma, USA]). The sections were
deparaffinized with xylene and rehydrated in gradgdinol (100 to 70%). To increase
epitope exposure, the sections were heated for iBOtes in a sodium citrate buffer
(0.01 M, pH 6.0). To minimize endogenous peroxidastvity, the slides were treated
with 0.3% (v/v) HO; in water for five minutes. The sections were waswiéh 0.01M
PBS (pH 7.2) and then blocked with 1% BSA, 0.2% @we0 in PBS for 1h at room
temperature. The sections were then incubated Zohdurs at 4°C with antibodies

against IL-6 (1:100 eBioscience, San Diego, US)X€x)(1:400 Abcam, Cambridge,
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UK), INOS (1:100 Abcam, Cambridge, UK) and F4/86bQLAbcam, Cambridge, UK).
The antigen-antibody reaction was visualized withdia-biotin peroxidase (Dako
Universal LSAB + Kit, Peroxidase), using 3.3-diaptenzidine as the chromogen. The
slides were counterstained in hematoxylin. Pos#ibaiing resulted in a brown reaction
product. Negative controls were treated as aboue with the omission of the first
antibody. Five pictures at the same magnificati@remquantitatively analyzed using

Gimp 2.6 software (GNU Image Manipulation ProgramllX platforms).

Cytosolic and Nuclear Protein Extraction

Cytosolic and nuclear proteins from the liver weéselated using Cayman’s
Nuclear Extraction kit (Item No. 10009277, Caymdremical company, Ann Arbor,
Michigan, USA). The liver fragments were homogediz&n a hypotonic buffer
supplemented with DTT and Nonidet P-40 per gramtis$ue. The livers were
centrifuged and re-suspended by adding specifieshyageagents, following the
manufacturer’s instructions. The cytosolic and eaclfractions were stored in pre-
chilled vials at -80°C until further analysis. Liveytosols were used to determine the
quantity of kBa, IRS-1, CD-220, ABCAl, eNOS and NB p65 in the
immunoblotting, whereas nuclear fractions were uded PPAR. and PPAR

immunoblotting.

Measurement of Protein Levels

The total, cytosolic and nuclear extraction protewels were determined using
the Bradford method, with bovine serum albumin @sdard [30]. The samples were

read in a spectrophotometer at 660nm. All sample®wun in duplicate and the mean
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of the two absorbency levels was used to deteritiagoprotein quantity. The protein
concentration per sample amount was determined) tisenequation from a calibration
curve. The curve was generated using the same thethothe samples, with the

substitution of bovine serum albumin at five cortcation levels.

Western Blot Analysis

The proteins (40 pg) were separated to 12% RFp65, kBa, ABCA-1,
eNOS, PPAR, PPAR, IRS-1 and CD-220) sodium dodecyl sulfate—polyienide
by gel electrophoresis under reduced conditionsveare electrophoretically transferred
onto a nitrocellulose membranes (Bio Rad, CA, UBAf. 162-0115). After overnight
blocking at 4°C with 5% non-fat milk in TBS-T (T+imuffered saline 0.1% plus 0.05%
Tween 20, pH 7.4), the membranes were incubategdcah temperature for 3h with
antibodies against the following: NéB p65 (1:200, Santa Cruz Biotechnology, CA);
[kBa (1:500, Santa Cruz Biotechnology, CA); ABCA1l (1000 Abcam Cambridge,
UK); eNOS (1:1000, Abcam Cambridge, UK); PRARL:1000, Abcam Cambridge,
UK); PPARy (1:1000, Abcam Cambridge, UK); IRS-1 (1:1000, Alc&ambridge,
UK) and CD-220 (1:1000, Abcam Cambridge, UK), thlliin TBS-T buffer solution
containing 3% non-fat milk. After washing (six tis)el0 min each) in TBS-T, the
membranes were further reacted with horseradisbxmise-conjugated anti-rabbit
antibody (1:80000, Sigma, USA), diluted in TBS-TilwlL% nonfat milk, for 1h 30min
at room temperature. An enhanced chemiluminescezagent (Super Signal, Pierce,
Ref. 34080) was used to visualize the labeled probmnds and the blots were
developed on X-ray film (Fuji Medical, Kodak, RefZ358487-50EA). For

quantification, the density of pixels of each bamds determined by Image J 1.38
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software (available at http://rsbweb.nih.gov/ij/ddead.html; developed by Wayne
Rasband, NIH, Bethesda, MD). The results were ocmefil in three sets of experiments
for each protein investigated. Immunoblotting fleactin was performed as a control for
the above protein blots. After protein blot vismation with enhanced

chemiluminescence, the protein antibodies wer@mstd from the membranes, which
were reprobed with monoclonal aftiactin antibody (1:2000, Sigma, USA), and

protein densitometry was performed.

Statistical Analysis

GraphPad Prism software (version 5) was used msthtistical analysis. Data
were expressed as mean + standard deviation. Biffess between the control and
treated groups were analyzed using analysis ofaneei (ANOVA), prior to the
performance of Tukey’'s post hoc test or the Stusliériest. Probability values less than

0.05 were considered significant.

Results

Biochemical Determinations

After 15 and 30 days, the high-fat diet group shibwaesignificant increase in
total and LDL cholesterol and triglycerides comjgiate the control group. Similarly,
treatment pioglitazone and LPSF/GQ-02 did not redwtal and LDL cholesterol and
triglycerides levels (Fig. 1A-F), even treatmentthwipioglitazone for 30 days
significantly increased levels of total and LDL &dsierol compared with HFD group

(Fig. 1D)
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Treatment with pioglitazone and LPSF/GQ-02 did atier the HDL levels
compared with HFD group after 15 days (Fig. 1G)widweer, after 30 days of treatment,
pioglitazone and LPSF/GQ-02 induced a significactease in serum HDL, indicating
a time-dependent effect (Fig. 1H). Serum glucoseléewere evaluated after 15 and 30
days of treatment. There was a significant decrgaserum glucose levels after the use
of pioglitazone and LPSF/GQ-02 compared with théHffoup (Fig. 1I-J). Finally, in
relation to the serum AST, no significant differereas observed between groups (Fig.

1K-L).

Effects of LPSF/GQ-02 on the Hepatic Architecture

Histological analysis of the hepatic fragmentshia tontrol15 group exhibited well-
preserved architecture with characteristic hepaéscydistributed homogenously
throughout the hepatic parenchyma (Fig. 2A). Aftetuction to the high-fat diet, the
HFD15 group exhibited significant alterations, udihg tissue disorganization with
macro and microvesicular steatosis in the cytoplasitihe hepatocytes, as well as the
presence of multiple foci of inflammable infiltratéFig. 2B). The pioglitazone group
was not capable of reversing the alterations cabgethe high-fat diet and exhibited
severe tissue disorganization, macro and microuksic steatosis and many
inflammatory infiltrates throughout the hepaticstie (Fig. 2C). The group that received
the diet and was treated with LPSF/GQ-02 for 15 sdapowed a significant
improvement in the hepatic architecture, with sisiat reduction as well as
inflammation, which was confirmed by the reductadrfoci of inflammatory infiltrates
(Fig. 2D).

A second experiment, involving the administratioh drugs for 30 days,

assessed the time-dependant action of both pingh and LPSF/GQ-02. The
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histological analysis revealed patterns similath® groups that received the drug for
only 15 days. The control group maintained the sarharacteristics (Fig. 3A).

However, the HFD30 and P1O30 groups exhibited atgreseverity in the accumulation
of lipids in the cytoplasm of hepatocytes and iasezl inflammation, confirmed by the
greater presence of inflammatory infiltrates (R and 3C). The group that received
LPSF/GQ-02 reduced macro and microvesicular stsaséosl decreased the quantity of
inflammatory infiltrates, reestablishing a hepatichitecture similar to that found in the

control group (Fig. 3D).

LPSF/GQ-02 Decreased the Levels of Hepatic Fatr Afitguction

of a High Fat Diet

The accumulation of fat in the liver is the key mtoin the appearance of
NAFLD. Consequently, the quantity of lipids in thiger was analyzed using the
specific staining of Oil red O. The control groujpsm both the 15-day and 30-day
experiments exhibited a basal amount of lipidsrattarizing a normal pattern (Fig. 2A
and 3A). After the induction of the high-fat didtere was a significant increase in the
quantity of lipids, when compared to the contrag, in both the 15-day and 30-day
experiments (Fig. 2B and 3B). The pioglitazoneug (15 and 30 days) did not
decrease the quantity of fat in the liver when cared to the HFD group (Fig. 2C and
3C). However, the use of LPSF/GQ-02 brought abosigaificant decrease in the
quantity of fat in the hepatic tissue when compacethe HFD and pioglitazone groups
(Fig. 2D and 3D). Quantitative analysis was penfed using ANOVA and Tukey’s

post hoc tests (Fig. 2M and 3M).
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Additionally, liver triglyceride content was detamad. The results obtained
confirmed the specific staining of Oil red O analys Liver triglyceride content was
significantly elevated after the high fat diet, gndglitazone treatment had no effect on
liver triglycerides On the other hand, the LPSF/G&Qpromoted a significant decrease

compared to HFD groups and pioglitazone(Fig. 20 8Qyj.

Action of LPSF/GQ-02 on Hepatic Fibrosis

Sirius Red staining was used to analyze the ewarludf fibrosis since it interacts
strongly with the basic amino acids of moleculesrfrdifferent types of collagen [31].
Both the 15-day and 30-day control groups exhibitedmal patterns, with collagen
deposition in the perivenular region (Fig. 2A arRA). The HFD groups exhibited
significant collagen accumulation when comparedh® control group. There was an
increase in the amount of collagen in the perivaenahd sinusoidal regions, especially
in the 30-day group (Fig. 2B and 3B). The growgated with pioglitazone for 15 days
was not effective in decreasing the collagen cdntgmen compared with the HFD
group, exhibiting the same collagen depositiongoattHowever, in the group treated
with pioglitazone for 30 days, there was a redurciio collagen when compared with
the HFD group (Fig. 2C and 3C), indicating tha¢ tction of the drug, in terms of
decreasing fibrosis, occurs in a time-dependantneranLPSF/GQ-02 significantly
reduced collagen in the 15-day and 30-day groupsnwdompared with the HFD and
pioglitazone groups, exhibiting a pattern simitathe control group, with collagen only
found in the perivenular region ((Fig. 2D and 3Ruantitative analysis of the collagen
content was performed in all groups using ANOVA diutkey’s post hoc tests (Fig. 2N

and 3N).
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LPSF/GQ-02 Decreased the Levels of Inflammatory Kees in

Mice with NAFLD

IL-6 is a multifunctional cytokine that regulatesmune responses, as well as
acute phase reactions and hematopoiesis, and @gma gentral role in inflammation of
the host defense and tissue injuries [32]. The esgon of IL-6 in
immunohistochemistry was analyzed after treatmati pioglitazone and LPSF/GQ-
02. The control group exhibited a weak reactivityli-6 in both the 15-day and 30-day
groups (Fig. 4A and 5A). The use of a high-fatt dsegynificantly increased the
expression of this cytokine in the hepatic tissesehibiting immunoreactivity in the
cytoplasm of the Kupffer cells and in the membraokthe hepatocytes (Fig. 4B and
5B). After the administration of pioglitazone, aising pattern similar to the HFD
group was observed, indicating that the drug wast eftective in reducing the
expression of this inflammatory cytokine (Fig. 4@&1&C). However, in both the 15 and
30-day groups, LPSF/GQ-02 significantly decreadeel éxpression of IL-6 when
compared to the HFD and pioglitazone groups, etthipia labelling pattern similar to
the control (Fig. 4D and 5D).

After analyzing the expression of iINOS in the haptassue, the 15 and 30-day
control groups exhibited a low reactivity to iINOfsg( 4E and 5E). The HFD group
significantly increased reactivity to iINOS, withffdise marking in the cytoplasm of the
hepatocytes of animals treated for 15 and 30 dmdicating an increase in the
inflammatory process (fig. 4F and 5F). The groupated with pioglitazone for 15 and
30 days exhibited a strong reactivity to INOS, amto the HFD group, indicating an

intense labelling throughout the cytoplasm of teedtocytes, as well as in the Kupffer
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cells, suggesting that pioglitazone increases tiflamnmatory process in the hepatic
tissue (fig. 4 and 5G). After the administratidriL®SF/GQ-02 for 15 days, there was a
significant decrease in the staining of INOS inddlthe hepatic tissue, when compared
with the HFD and pioglitazone groups (fig. 4H). Tém@up treated with LPSF/GQ-02
for 30 days did not exhibit any specific stainingg fNOS (fig. 5H), suggesting that
LPSF/GQ-02 participates in the inflammatory process a beneficial manner,
decreasing the expression of INOS and contribuiingn improvement in the hepatic
tissue.

In an attempt to elucidate the anti-inflammatorychmisms of LPSF/GQ-02,
the expression of COX-2 was assessed through imhistochemistry after treatment
with pioglitazone and LPSF/GQ-02 in LDLR-/- animasbmitted to a high-fat diet.
Both the 15-day and 30-day control groups exhibiteadl reactivity to the enzyme
COX-2 (Fig. 41 and 5I). After exposure to a high-thet for 15 or 30 days, a strong
immunoreactivity to the enzyme COX-2 was recordepecially in the cytoplasm of
hepatocytes (Fig. 4Jand 5J), which indicates tiathigh-fat diet contributed to the
hepatic inflammation process. In the pioglitazomeug, reactivity to COX-2 was
similar to the HFD group, indicating that pioglitaee does not help to reduce
inflammation in this animal model (Fig. 4Kand 5Khlowever, after the use of
LPSF/GQ-02, a significant reduction in the immurateon for COX-2 was observed
when compared to the HFD and pioglitazone groupsh tbor 15 and 30 days (Fig.
4Land 5L). These findings strengthen the theorgt tthe thiazolidine derivative
LPSF/GQ-02 helps to reduce the inflammatory pracess

Since the involvement of Kupffer cells is importamtthe hepatic inflammatory
process, F4/80, a specific marker for Kupffer ¢cellas used to assess their expression

in hepatic tissue after treatment with LPSF/GQ®@&th the 15-day and 30-day control
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groups exhibited low positivity to F4/80 (Fig. 4Md 5M) in all of the hepatic tissue.
After the administration of the diet, increased iomoreactivity to F4/80 was recorded,
especially in the 15-day group, indicating an iase2in the population of Kupffer cells
in the hepatic tissue (Fig. 4Nand 5N). The adnmai®n of pioglitazone led to a
reduction in the positivity of cells to F4/80, esjadly in the 15-day group, although this
reactivity was not significant in either group, icating the presence of Kupffer cells
and possibly an inflammatory process (Fig. 40and). 2 PSF/GQ-02 exhibited less
immunoreactivity for F4/80. The 15-day and 30-dagups exhibited low reactivity in
all of the hepatic tissue, with a significant dese when compared with the HFD and
pioglitazone groups (Fig. 4P and 5P), which caoraktes previous results, indicating
that LPSF/GQ-02 decreases hepatic inflammation

All of the quantitative analysis was performed gsBimp 2.6 software.

Effects of LPSF/GQ-02 on the Protein ExpressionP&AR,

PPARy, IkBa, NFB p65, eNOS, CD-220, IRS-1 and ABCA1l

The protein levels of nuclear PPARwere assessed after treatment with
pioglitazone and LPSF/GQ-02. No significant diffeces were found in the PPAR
protein levels in the groups treated for 15 dayg.(Aand 6B). However, in the 30-day
experiment, the HFD group exhibited a significaatluction in the expression of
PPARx when compared to the control group (Fig. 6Dand. &ix)addition, treatment
with LPSF/GQ-02 was not capable of increasing thgression of PPAR similar to
the HFD group (Fig. 6Dand 6E).

After assessing the protein expression of nucRRARy, it is notable that

among the animals treated for 15 days, only theglpézone group exhibited a
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significant difference in relation to all of theher groups (Fig. 6A and 6C), thereby
confirming its action as an agonist of PPARIeanwhile, the animals that were treated
for 30 days with pioglitazone and LPSF/GQ-02 exbibithe following results: the
HFD group significantly decreased the levels of RiPAvhen compared to the control
and pioglitazone groups, with no alteration in tiela to the LPSF/GQ-02 group.
Furthermore, the LPSF/GQ-02 group exhibited leeélsxpression of PPARthat were
similar to the HFD group (Fig. 6D and 6F).

Expression of the proteikBa was analyzed through western blotting on the
hepatic tissue after treatment with pioglitazond BRSF/GQ-02. As a result, there was
no alteration in the levels of this protein afteeatment with pioglitazone and
LPSF/GQ-02 for 15 days (Fig. 7A and 7B). Howeviee, prolonged treatment (30 days)
led to a significant increase of the proteuBd in the group treated with LPSF/GQ-02
when compared to the HFD group (Fig. 7D and 7E).

It is known that NkB is involved in the hepatic inflammatory process,
activating different cytokines, and consequentljge tpresent study assessed the
cytosolic levels of this transcription factor inethepatic tissue after the administration
of pioglitazone and LPSF/GQ-02. The levels ofdBFp65 in the animals that were
treated for 15 days did not alter after the adnmai®n of the drug (Fig. 7A and 7C).
However, after using the drug for 30 days, it wasgible to observe a significant
increase in the expression of cytoplasmiacR¥65 in the pioglitazone and LPSF/GQ-
02 groups when compared with the HFD group (FiganD 7F).

The integrity of the hepatic sinusoidal endotheliilgrextremely important for
the maintenance of hepatic physiology and distwbanf the sinusoidal endothelium
function could play an important role in the physthology of the liver. The

expression of eNOS was assessed by western blatfiegtreatment with pioglitazone
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and LPSF/GQ-02. The HFD, pioglitazone and LPSF/@Q¢gboups exhibited a
significant reduction in the expression of eNO®matt5 days of treatment (Fig. 8A and
8B). However, after using the drugs for 30 daysigaificant increase in the expression
of eNOS was observed when compared to the HFD gfeigp 8F and 8G), indicating
that the increase in eNOS expression was time-digmenafter the administration of the
drugs.

Insulin resistance is directly associated with thevelopment of NAFLD.
Therefore, markers of the insulin signaling pathwagre assessed after treatment with
pioglitazone and LPSF/GQ-02. Although the proteivels of the insulin receptor (CD-
220) increased after treatment with pioglitazong BASF/GQ-02, this increase was not
significant after either 15 or 30 days of treatmemd there was no significant difference
between the groups (Fig. 8Aand 8D/ Fig. 8F and lBhwever, after treatment with
pioglitazone and LPSF/GQ-02 for 15 days, there wasignificant increase in the
protein levels of the insulin receptor substrat®Sd1l) when compared to the HFD
group (Fig. 8A and 8E). Furthermore, after 30 daymsninistering these drugs, only the
LPSF/GQ-02 group induced a significant increasethe levels of IRS-1 when
compared with the HFD (Fig. 8F and 8J), indicatamgimprovement in the signaling
cascade of insulin.

ATP-binding cassette transporter Al (ABCA1) is amteer of the ABC family
of transporters that are necessary for the formaifoHDL plasma. After treatment for
15 days, no significant differences were foundhe protein expression of ABCAL in
relation to all of the groups (Fig. 8A and 8C). 8arly, after treatment for 30 days,
although there was an increase in the expressi®&BafAl in the LPSF/GQ-02 group,
this increase was only significant when comparetthéopioglitazone group (Fig. 8F and

8H)
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Discussion

Disturbances in the lipid profile, such as an iaseein TGs and LDL and a
reduction in HDL, are associated with NAFLD [33}. the present study, Western diet
induced significant increases in the TGs, TC and. lidofiles, similar results were
achieved after treatment with pioglitazone and L&£p}-02, although pioglitazone
induced higher levels of LDL when compared to theDHgroup. These results are
according with the fact that PPARxgonists (TZDs) do not have favorable effects on
the lipid profile and are not considered a lipidving class of drugs [34, 35].
However, after 30 days of treatment with pioglitazoand LPSF/GQ-02 improved
plasmatic HDL was observed, possibly by promotirtplesterol efflux PPAR
dependent mechanism [36].

TZDs are considered blood glucose-lowering drugg] [By increasing the
uptake of insulin-mediated glucose in skeletal rneyssuppress the production of
hepatic glucose, and improve the secretion of insalf cells of the pancreas [38]. In
the present study, the animals treated with piagthe and LPSF/GQ-02 promoted an
accentuated decrease in glucose levels in compatisthe HFD group. These results
confirmed previous studies that demonstrated aflogglesffect on insulin sensibility of
LPSF/GQ-02 [24].

According to Yang et al. [39] the main histologicdlaracteristic of NAFLD is
excessive accumulation of triglycerides in hepategyln addition, obesity and insulin
resistance lead to an increase in the hepaticdiofinee fatty acids and the accumulation
of fat in the liver [40]. In the present study, thisgical sections were used to analyze
the hepatic architecture after the administratibpioglitazone and LPSF/GQ-02. The

results showed an improvement in all hepatic tisdter the use of LPSF/GQ-02, for 15
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or 30 days, as evidenced by decreased vacuolizatidninflammatory infiltrates, as
well as better organization in all of the hepatgnchyma. Controversially, the group
that received pioglitazone was not effective inu@dg hepatic damage, exhibiting
similar characteristics to the HFD group. Pioglitag is a drug classified as
thiazolidinedione and is considered an agonist BARy. It is known that PPARIs
elevated in murine models of diabetes and obedity43]. Furthermore, the deletion of
PPARy from hepatocytes protects mice against hepatatates induced by a high-fat
diet [44]. These results suggest a strong assouoi@ktween the accumulation of fat in
the liver and elevated levels of PPARRecently, Zhang, et al. [45] observed that the
administration of pioglitazone decreased hepagatsstis in rats with NASH, induced
by a high-fat diet. Based on all of these findingsemains controversial to confirm if
PPARy is the causal factor or a consequence of the adetion of fat in the liver.

Oil red O, a specific coloration for lipids, andethepatic triglyceride dosage
were used to confirm the reduction of fat in thetiof animals treated with LPSF/GQ-
02. As expected, there was a significant redudtiothe concentration of lipids in the
livers of animals treated with LPSF/GQ-02 in bolte t15-day and 30-day groups,
indicating that the thiazolidine derivative LPSF/®Q was effective in reducing fat in
the livers of animals fed with a high-fat diet. @@ other hand, the hepatic tissue of the
animals treated with pioglitazone maintained adamgcumulation of lipids, confirming
the results found in the histology, in which pitggione was not effective in decreasing
hepatic steatosis. Controversially, Wang et al] glowed that rosiglitazone reduced
the levels of hepatic lipids evidenced by the réidacin Oil red O staining in rats fed
with a high-fat diet. It is possible that the damggeffects exhibited by pioglitazone in

the present study are specific to this molecule dadnot represent a class effect.
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However, the determining mechanisms for the in@eashepatic steatosis associated
with TZDs remain unknown.

According to Ciupin’ska-Kajor et al [47], the filmie process in the liver is
considered the most important step in the prograssf NAFLD. Hepatic fibrosis
involves the disorganization of the architecture tbe hepatic tissue and the
accumulation of extracellular matrix in responsepathological insults [48]For this
reason, the quantity of collagen was assessed lapsnaf specific Sirius red staining.
Similar to the results found in the histology ahd staining of lipids, both the 15-day
and 30-day treatment groups with LPSF/GQ-02 sigaifily decreased the quantity of
collagen in comparison to the HFD group. On theeotiand, the pioglitazone group
exhibited a time-dependant response, with a smamti reduction of collagen only
found in the 30-day group. These results suggdsttefe action by LPSF/GQ-02 on
the morphological factors that endanger normal rlienction, leading to the
development of NAFLD.

In the inflammatory profile, IL - 6 is a key elenen the acute phase response,
mediating the synthesis of different proteins o #cute phase (such as protein C -
reactive and serum amyloid A) [49]. Furthermore,-16 is considered as a marker of
the prognostic of resistance to insulin and caralsoular diseases. Elevated serum
levels of IL-6 are present in animal models andpatients with NAFLD [50-52].
Similarly, Mas et al [53] demonstrated that diedtined NASH was reduced in IL-6
knockout mice, indicating that this cytokine hagp@-inflammatory action during
hepatic diseases. In the present study, LPSF/G8&e¢dHficantly reduced the expression
of IL-6, indicating a possible hepatic anti-inflaratary action. Controversially, in the
present study, pioglitazone increased the leveldLed after 15 and 30 days of

treatment. Esterson et al [54] studied biopsiethefadipose tissue of non-obese and
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obese individuals with type 2 diabetes and repotted pioglitazone was capable of
reducing the levels of IL-6 in obese individual$thaugh it was not effective in

reducing the levels of this cytokine in non-obesdividuals. Mohapatra et al. [55]
studied female db/db mice and concluded that gempine was effective in reducing the
plasma levels of IL-6 in mice that received a duérapeutic (3 mg/kg) or therapeutic
dose of pioglitazone (30 mg/kg). These differensutes related to the effect of
pioglitazone on the levels of IL-6 could be padlye to the experimental model used.

During inflammation, inducible nitric oxide syng&(iNOS) plays an important
role in the exacerbated production of nitric oxidentributing to tissue damage [56].
Nitric oxide (NO) is produced endogenously by iN@&d leads to the formation of
reactive oxygen species (ROS) and reactive nitrogmecies (RNS). NO can react
rapidly with superoxide anion and produce peroximeit leading to the nitration of
proteins [57]. In the present study, the expresseibiNOS was significantly reduced
after using LPSF/GQ-02 in LDLR-/- mice submittedatélFD. Similarly, Salamone and
collaborators administered silibinin and reported significant reduction in the
expression of INOS in db/db mice submitted to expental non-alcoholic
steatohepatitis [57]

Cicloxigenase-2 (COX-2) is a key enzyme in thevation of the inflammatory
response. Inflammation caused by the activatioB@XK-2 in the hepatic tissue plays an
important role in the development of insulin remmte and NAFLD [58]. According to
Yu et al. [59] the use of COX-2 inhibitors couldopgct against NASH in animal
models. In the present study, LPSF/GQ-02 effectivetiuced the expression of COX-2
in an animal model of NAFLD, strengthening the hymsis that this thiazolidine

derivative decreases inflammation in the hepatsue. Furthermore, these results
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corroborate the findings of Silva et al. [24], wheported that LPSF/GQ-02 was
effective in reducing insulin resistance.

Kupffer cells mediate the hepatic response intimiato the numerous
inflammatory stimuli and can play an important roleéhe progression from steatosis to
NAFLD [60]. In a model of NASH induced by a high-fdiet, Kupffer cells were
widely recruited and activated [61]. Rivera et[8R] used a murine model of NASH
and confirmed that the reduction in the number ofp#er cells can attenuate the
histological appearance of hepatic steatosis,nmflation and necrosis, suggesting that
this cellular type contributes to the pathogene§INASH/NAFLD. For this reason, the
expression of F4/80 in the hepatic tissue was asdesfter treatment with LPSF/GQ-
02. The thiazolidine derivative LPSF/GQ-02 was @ffee in reducing positive marking
for F4/80 in comparison to the HFD group, indicgtithe presence of a smaller
population of Kupffer cells n the hepatic tissu& @e other hand, pioglitazone did not
reduce the positive marking for macrophages, adeeced by the great reactivity of
F4/80 in the hepatic tissue. Similar to the restdund with LPSF/GQ-02, the use of
new agonists to PPAR such as Wy 14643, was effective in reducing gweuitment of
macrophages marked by F4/80, as evidenced by theumohistochemistry of female
foz/foz mice [63]. These results suggest that LEB®}F02 acts directly on the
inflammation, reducing the recruitment of Kupff&lls and consequently improving the
pathological process triggered by NAFLD.

Interestingly, in the present study, pioglitazond dot exhibit hepatic anti-
inflammatory effects when the markers IL-6, COXH20DS and F4/80 were assessed.
The anti-inflammatory activity of LPSF/GQ-02 may dhee to a possible action in other

molecular targets.
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In an attempt to understand the possible activeham@sm of LPSF/GQ-02 in
the improvement of hepatic pathological processss,expression ofkBo, PPARY,
PPARy, IRS-1, CD-220, ABCA1, eNOS and NB p65 was analyzed by western
blotting analysis.

PPARu is expressed metabolically in active tissues saglthe heart, kidneys,
intestinal mucous, skeletal mucous and liver, ragud genes involved in the lipid
metabolism, gluconeogenesis and amino acids [64]wAll as its effects on the lipid
metabolism, PPAR also acts on pro-inflammatory pathways and negbtiaffects
other signaling pathways, such as WBEF As a result of its effects on the lipid
metabolism and inflammation, PPARcan modulate physiopathological mechanisms
implicated in NAFLD and atherosclerosis [65]. Aftassessing the expression of
PPARu in the hepatic tissue, no significant alteratiorese found in the groups treated
with LPSF/GQ-02, suggesting that this thiazolididerivative does not affect the
expression of PPAIRR The reduction of lipid content, as well as thelusion of
inflammation after treatment with LPSF/GQ-02, coldd explained by a possible
PPARux agonist action. However, this was not confirmedha results obtained in the
present study.

PPARy is expressed in elevated levels in adipose tiasweplays an important
role in the increased sensitivity to insulin, adlwwe promoting the capture of fatty acids
for adipocytes and their differentiation. The cansant effect of these processes results
in increased storage of triglycerides in the adyes, reducing the delivery of fatty
acids to the liver [66]. On the other hand, it isd&y known that the increased
expression of PPARIn the hepatic tissue in a murine model plays rportant
deleterious role, increasing hepatic steatosis. [A¢¢ording to Costa-Leite et al. [25],

the molecular structure of LPSF/GQ-02 indicatesoasible role as an agonist of
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PPARy. For this reason, the expression of PRA#as analyzed after treatment with
pioglitazone and LPSF/GQ-02. Treatment with pi@gline increased the expression of
PPARy, although LPSF/GQ-02 was not capable of induciiggiicant alterations.
These results confirm the agonist action of piagline in relation to PPAR as
previously described [27, 34].

ThexB transcription factor (N&B) is located (although inactive) in the cellular
cytoplasm associated with regulatory proteins datl8 inhibitors (kB), such asiBa
[68]. The phosphorylation okBa is an important step in the activation of d-and,
thus, these proteins become targets for speciécafly, given that the activation of
NF«B is associated with the transcription of pro-inflaatory genes [69]. In the present
study, prolonged treatment with LPSF/GQ-02 for 39=dinduced a significant increase
in the expression ofkBa. In addition, there was a significant increasetha total
expression of cytoplasmic MB-65 in the LPSF/GQ-02 group, when compared with
the HFD group, indicating an anti-inflammatory aatthrough the inhibition of NéB-

65. By activating NkB, IkBo liberates NkB, thereby enabling the NB to be
translocated to the nucleus [70]. Therefore, ipassible to infer indirectly that the
greater the expression okBoa and NKB-65 in the cytoplasm, the lower the
translocation to the nucleus will be, with a conssag decrease in inflammatory gene
transcription. These results confirm the reducbbmepatic inflammation in the group
treated with LPSF/GQ-02, as evidenced by the deer@a the tissue levels of IL-6,
INOS, COX-2 and F4/80.

Endothelial sinusoidal dysfunction, with the dese@ the production of intra-
hepatic nitric oxide, has been considered for magars as a relevant pathogenic factor
in the progression of hepatic deleterious evenish sas cirrhosis [71]. Adequately

functioning endothelial sinusoidal cells produce,Nithibiting the activation of hepatic
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stellate cells (HSC) and thus, representing a plvanatural antifibrotic [72].
Moreover, NO produced by the enzyme endothelialcndxide synthase (eNOS), in
nanomolar concentrations, exhibits anti-inflammyateffects through the signaling
pathways of the GMPc and can inhibit the activify NFkB, among other things
[73,74]. After the administration of LPSF/GQ-02significant increase of eNOS was
observed in comparison to the control group, inthgathat LPSF/GQ-02 could
develop its anti-inflammatory and antifibrotic adties partly due to the activation of
this enzyme in the hepatic tissue. It is intergstio note that the treatment with
LPSF/GQ-02 was effective in decreasing the quamtitiiepatic collagen and thereby
reducing tissue fibrosis, as evidenced by the resilitained with eNOS.

Hepatic resistance to insulin is associated withFNB. and is an important
factor in the pathogenesis of type 2 diabetes aathlolic syndrome [75]. Although
there is a general consensus that insulin resstaaaused by defects in insulin
signaling, many causes have been proposed to expav these insulin signaling
defects appear in NAFLD. Inflammation, oxidativeess of the endoplasmic reticulum
and the accumulation of lipids in the liver haveemeandicated as causes for the
development of insulin resistance in animal mo@¢IS8IAFLD [76]. Furthermore, the
production of cytokines is known to activate ingtglar kinases capable of inhibiting
key elements of the insulin signaling route, inahgdproteins of the insulin receptor
substrate (IRS) and phosphatidylinositol 3-kinaBé3K) [77]. For this reason, the
expression of two important molecules of the imsgignaling route was analyzed after
the administration of LPSF/GQ-02: insulin recep(@D-220) and IRS-1. Although
there were no alterations in the levels of thelingeceptor, LPSF/GQ-02 significantly
increased the levels of IRS-1 in comparison toHik® group. These results possibly

indicates an improving of the insulin signalinghalugh it is necessary to be confirmed
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by analyzing Serine/Threonine or Tyrosine phosglation grade of IRS-1, akt/PKB
or GSK, since they reflect the real state of thpaltie insulin signaling. In a previous
study conducted in our laboratory, SILVA et al. [Dbserved that LPSF/GQ-02 was
capable of improving the sensitivity to insuliniBLR-/- mice fed with a high-fat diet.
Thus, the accumulation of hepatic fat and inflamaomaseem to be partly associated
with altered insulin signaling in animals fed wahhigh-fat diet, which is restored after
the treatment with LPSF/GQ-02.

ATP-binding cassette transporter Al (ABCA1) is atpaf the ABC family of
transporters. The fundamental role of ABCALl in fleemation of foam cells and
atherosclerosis has already been established: diates the active transport of
intracellular cholesterol and phospholipids to gmprotein Al, which is the main
lipoprotein of the HDL. Mutations of the ABCA1 gecause a decrease in the levels of
HDL cholesterol, with a consequent increase inragwerosis [78]. Although not yet
fully defined, it is known that the expression gjolpoprotein Al or ABCAL in
hepatocytes can reduce hepatic steatosis, deqjedlsen storage of lipids in the
hepatocytes by transporting the lipids and alsaduaucing the oxidative stress of the
endoplasmic reticulum, which further favors the iiishment of steatosis [79]. In the
present study, although there was an increaseerptbtein levels of ABCAL in the
hepatic tissue after treatment with LPSF/GQ-02s thcrease was not significant in
relation to the HFD group. According to Ozasa €Bél, pioglitazone was effective in
the efflux of cholesterol, based on the expressib®BCAL, in a manner that was
dependant on PPARN atherosclerotic plague. Contradictorily, in fhesent study, the
pioglitazone group also did not increase the pna@rels of ABCAL after the use of the

high-fat diet. These differences may be due talifferent cellular types studied.
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In summary, the present study demonstrated thathhenic consumption of a
high-fat diet developed NAFLD characteristics in LB»/- mice while also increasing
fat, hepatic fibrosis, inflammation and insulin istgance. The administration of
LPSF/GQ-02 inhibited the hepatic injury, decreasaflammatory markers and
increased sensitivity to insulin, suggesting an artgnt role in the improvement of
NAFLD. Therefore, LPSF/GQ-02 has become a poten#iatlidate for the treatment of
chronic hepatic pathologies triggered by the consion of a high-fat diet. New studies
are being conducted in our laboratory to inveséighe possible active mechanisms of

LPSF/GQ-02 on the hepatic lipid metabolism.
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FIGURE LEGENDS

Figure 1- Effect of treatment with Pioglitazone and LPSF/GQ-@ for 15 and 30 days on

biochemical blood parameters in LDLR-/- miceTC — total cholesterol, LDL - low-density lipoprate

cholesterol, TG - triglycerides, HDL - high-densitijpoprotein cholesterol, AST - aspartate
aminotransferase. Values were determined in plasaraples from nonfasting animals. Values
expressed as mean +S.D. Biochemical determinaperfermed with eight animals per group. Different

letters denote significant differences betweenttneats, P< 0.05.

Figure 2 —Effects of Pioglitazone and LPSF/GQ-02 for 15 daystepatic histopathological analyses

of LDLR-/- mice. Representative liver sections stained with H&E (A-I), oil red O (E—H) and Sirius
Red (I-L): (A) Control group. (B) HFD group exhibiting macend microvesicular steatosis and
inflammatory infiltrates (arrow). (C) Pioglitazorggoup showing steatosis and inflammatory infiltsate
(arrow). (D) LPSF/GQ-02 group showing normal hepatichitecture tissue organization, with few lipid
droplets. (E) Control group. (F) HFD group with riease in hepatic lipids. (G) Pioglitazone group
showing increase in lipids content (H) LPSF/GQ-@2spnting few lipid inclusions. (I) Control groud)
HFD group showing a great quantity of collagen e tperivenular and sinusoidal regions. (K)
Pioglitazone group exhibiting a great quantity oflagen. (L) LPSF/GQ-02 group exhibiting collagen
only in the perivenular region. Bars 20um. (M,N)a@tification of labelling for Oil Red O and collage
by Sirius Red (N=5), respectively. (O) Quantificattiof liver triglyceride (N=5). Different lettersedote

significant differences between treatments, P<D#&id P< 0.0001, respectively.

Figure 3 —Effects of Pioglitazone and LPSF/GQ-02 for 30 daystepatic histopathological analyses

of LDLR-/- mice. Representative liver sections stained with H&E (A-I), oil red O (E—H) and Sirius
Red (I-L): (A) Control group. (B) HFD group exhibiting macend microvesicular steatosis and
inflammatory infiltrates (arrow). (C) Pioglitazorgroup showing steatosis and inflammatory infiltsate
(arrow). (D) LPSF/GQ-02 group showing normal hepatichitecture tissue organization, with few lipid
droplets. (E) Control group. (F) HFD group with riease in hepatic lipids. (G) Pioglitazone group
showing increase in lipids content (H) LPSF/GQ-02spnting few lipid inclusions. (I) Control groug)

HFD group showing a great quantity of collagen e tperivenular and sinusoidal regions. (K)
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Pioglitazone group exhibiting a few quantity oflegen. (L) LPSF/GQ-02 group exhibiting collagenyonl
in the perivenular region. Bars 20um. (M,N) Quaacdfion of labelling for Oil Red O and collagen by
Sirius Red (N=5), respectively. (O) Quantificatioh liver triglyceride (N=5). Different letters det@

significant differences between treatments, P<D#&id P< 0.0001, respectively.

Figura 4 -Immunohistochemical analysis for interleukin 6 (IL-6), inducible nitric oxide synthase

(iNOS), cyclooxygenase 2 (COX-2) and F4/80 in LDLR- mice treated with Pioglitazone and
LPSF/GQ-02 for 15 days(A, E, I, M) Control group exhibited low reactivitg I1L-6, INOS, COX-2 and
F4/80. HFD group showed high reactivity (B, FN), Similarly, Pioglitazone group exhibited strong
reaction for IL-6, INOS, COX-2 and F4/80 (C, G, ®). (D, H, L, P). Conversely, LPSF/GQ-02 groups
exhibited reduced reactivity for IL-6, INOS, COXahd F4/80. Bars 50um. (Q,R,S,T) Quantification of
labeling for IL-6, INOS, COX-2 and F4/80 (N=5). Rifent letters denote significant differences betwe

treatments, P< 0.0001, P< 0.005, P< 0.005, P< @.68¢pectively.

Figura 5 -Immunohistochemical analysis for interleukin 6 (IL-6), inducible nitric oxide synthase

(iNOS), cyclooxygenase 2 (COX-2) and F4/80 in LDLR- mice treated with Pioglitazone and
LPSF/GQ-02 for 30 days(A, E, I, M) Control group exhibited low reactivitg I1L-6, INOS, COX-2 and
F4/80. HFD group showed high reactivity (B, FN), Similarly, Pioglitazone group exhibited strong
reaction for IL-6, INOS, COX-2 and F4/80 (C, G, ®). (D, H, L, P). Conversely, LPSF/GQ-02 groups
exhibited reduced reactivity for IL-6, INOS, COXahd F4/80. Bars 50um. (Q,R,S,T) Quantification of
labeling for IL-6, INOS, COX-2 and F4/80 (N=5). Rifent letters denote significant differences betwe

treatments, P< 0.0001, P< 0.005, P< 0.005, P< @.68¢pectively.

Figure6 - Western blotting analysis showing the effects of Bglitazone and LPSF/GQ-02 on the

expression of PPAR and PPARy in the liver of LDLR-/- mice. Treatment for 15 days did not alter the
expression of PPAR (A, B). However, in the 30-day experiment, the HRBd LPSF/GQ-02 groups
exhibited a decrease in the expression of P®ARen compared to the control groups (D, E). Treatm
for 15 days only increased the expression of PPARthe pioglitazone group in relation to all other

groups. (A, C) In the 30-day experiment, the HFD &R SF/GQ-02 groups exhibited a decrease in the
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expression of PPARwhen compared to the control and pioglitazone gsoyD, F) The data were
analyzed using the Student’s t-test. The columpsesent the mean + S.D. of the protein investigated
The results were confirmed in three different expents (n = 5). Different letters denote signifitan

differences between treatments, P< 0.05.

Figure 7- Western blotting analysis showing the effects dPioglitazone and LPSF/GQ-02 on the

expression of IkBx and NFkB p65 in the liver of LDLR-/- mice. Treatment for 15 days did not alter
the expression of the protein I&B(A, B). However, the prolonged treatment with LRS®-02
significantly increased the expression of tkishen compared to the control group (D, E). Treatnier

15 days did not alter the expression of the prokkB p65(A, C) However, the prolonged treatment
with pioglitazone and LPSF/GQ-02 significantly ieased the expression of NFkB p65 when compared
to the HFD group (D, F). The data was analyzedgufiire Student’s t-test. The columns represent the
mean + S.D. of the protein investigated. The resulire confirmed in three different experiments &).

Different letters denote significant difference$vien treatments, P< 0.05.

Figure 8 -western blotting analysis showing the effects of Bglitazone and LPSF/GQ-02 on the

expression of eNOS, ABCAL, CD-220 and IRS-1 in tHaver of LDLR-/- mice. Treatment for 15 days
reduced the concentration of eNOS in the piogltgzand LPSF/GQ-02 groups in comparison with the
control and HFD group§A,B) However, after 30 days, an increase was ofeskin the expression of
eNOS in the pioglitazone and LPSF/GQ-02 groupsoimgarison to the HFD group (F,G). The 15-day
treatment did not alter the levels of ABCAL in tala to all of the groups. (A,Chfter 30 days,
significant differences of ABCA1 were only foundtiveen the pioglitazone and LPSF/GQ-02 groups.
(F,H). Treatment for 15 or 30 days did not alter éxpression of the insulin receptor CD-220 iroathe
groups studiedA,D,F,l). The 15-day treatment with pioglitazonadaPSF/GQ-02 increased the protein
levels of IRS-1 when compared with the HFD groE() LPSF/GQ-02 increased the levels of IRS-1
after thirty days in comparison with the HFD gro(p,J). The data was analyzed using the Student'’s t
test. The columns represent the mean + S.D. optbtein investigated. The results were confirmed in
three different experiments (n = 5). Differentdest denote significant differences between treatsnétx

0.05.
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ABSTRACT

Background: Atherosclerosis is a complex disordeh & multifactorial pathogenesis.
We previously indicated that the new TZD LPSF/GQu@bits hepatic steatosis and
inflammation, which are reported as risk factonsdtherosclerosis development. Here,
we explored the effects of LPSF/GQ-02 on atherossis in LDLf’~ mice comparing
two treatment periods.

Methods and results: LDLF mice were fed a high-fat diet for 10 and 12 weakd
received oral treatment with LPSF/GQ-02 (30mg/kg)daor pioglitazone
(20mg/kg/day) for 15 and 30 days, respectively. hBoteatment protocols with
LPSF/GQ-02 resulted in lower collagen density ir thatherosclerotic lesions. In
addition, the treatment for 15 days also decreasBdNA levels of CD40, MCP-1,
ABCGL1 and upregulated PPARwhereas the 30-days treatment reduced the protein
levels of LOX-1, p-kBa and p-NKkB.

Conclusion: This study provides evidence thHREF/GQ-02 affects theomposition and
growth of atherosclerotic lesions in LDLF mice. Moreover, our data also support
previous findings showing anti-inflammatory propestof LPSF/GQ-02 and reinforce
the therapeutic potential of this TZD for treatiatherosclerosis and inflammation-

related disorders.

Keywords: Atherosclerosis, LPSF/GQ-02, anti-inflammatory, aalidinediones.
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INTRODUCTION

According to the World Health Organization, cardisgular diseases (CVD) are
responsible for the highest number of death contptyeany other pathology. In this
context, ischemic heart diseases and stroke arde#ting causes of heart disease.
Atherosclerosis, the underlying cause of most C¥[2 ichronic inflammatory disease
characterized by the accumulation of modified Kpig¢holesterol and inflammatory
cells in the walls of medium and large arteries I@ven et al., 2011). In addition,
atherosclerosis presents a multifactorial pathogiengith numerous risk factors,
including diabetes, dyslipidemia, smoking, hypesten and non-alcoholic fatty liver
disease (NAFLD) (Fruchart et al., 2004).

NAFLD refers to a wide spectrum of liver diseasaased by fat deposit in the
liver cells in the absence of excess alcohol compgiam. Compelling evidence has
demonstrated that NAFLD is not only an independesk factor for CVD, but also
might be a predictor of CVD (Targher et al., 20@med, et al. 2012). In fact,
previous studies have revealed that the severitywef histology in NAFLD patients
closely correlates with markers of early atherasdis (Alkhouri et al., 2010).
Moreover, atherosclerosis and NAFLD might share rmom metabolic and molecular
mediators. As a result, NAFLD plays a relevant rote the pathogenesis of
atherosclerosis (Than and Newsome, 2015).

Since atherosclerosis and NAFLD might share comma&chanisms, similar
therapeutic strategies could be employed in thatrtrent of both disorders. The
improvement in insulin resistance, thereby modotatcardiometabolic risk factors
comprises an effective treatment of NAFLD that nigihevent the development of
atherosclerosis (Brea and Puzo, 2013; Than and &fee,s2015). Thiazolidinediones

(TZDs), which served as high-affinity the peroxisomroliferator-activated receptor
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gamma (PPAR) agonists, are widely used as insulin-sensitizethe treatment of type
2 diabetes. In addition to their antidiabetic pmijes, recent evidence suggests that
TZDs also displayed potent antiatheroscleroticat$fand might improve steatosis and
hepatocyte ballooning described in NAFLD conditigRakoski et al., 2010).
LPSF/GQ-02, compound 5-(4-Chloro-benzylidene)-3n@thylbenzyl)-
thiazolidine-2,4-dione is a new TZD derivate. Poera results demonstrated that the
treatment with LPSF/GQ-02 for 15 days effectivedgikased the risk factors associated
with the development of atherosclerosis, such aslim resistance and inflammation,
consequently reducing atherosclerotic lesions it léceptor deficient (LDLY") mice
(Silva, et al., 2013). Interestingly, the treatmenth LPSF/GQ-02 for 15 days also
presented beneficial effects in a mouse model ofFN2, improving the hepatic
architecture, decreasing fat and collagen accumulas well as inflammatory marker
levels (Silva et al, 2015). It is also noteworthgtt prolonged treatment with LPSF/GQ-
02 leads to greater beneficial effects on mice hofiBIAFLD. In fact, besides similar
results observed with the short treatment, thertreat with LPSF/GQ-02 for 30 days
also improved the lipid profile of mice and model®8F«B signaling pathway. Since
only the effects of short treatment with LPSF/GQv@&e explored on atherogenesis,
the purpose of this study was to establish thectffef prolonged LPSF/GQ-02
treatment on atherosclerosis in LDLrmice and compare to those findings from short

LPSF/GQ-02 treatment.
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MATERIALS AND METHODS
Ethics Statement

This study was carried out in accordance with ttiecal principles in animal
experimentation adopted from the Colégio Brasileite Experimentacdo Animal
(COBEA). The protocol was approved by the Committeethe Ethics of Animal

Experiments of the Fundag¢ao Oswaldo Cruz — FIOCRRR&mit Number: L-010/09).

Synthesis of Thiazolidine Derivative LPSF/GQ-02
LPSF/GQ-02, 5-(4-chloro-benzylidene)-3-(4-methyinbd)-thiazolidine- 2,4-
dione was synthesized at the Department of Anitsadf the Universidade Federal de

Pernambuco (Brazil) following the methodology désed by Mouréo et al., 2005.

Study design

Homozygous LDLf male mice (C57BL/6 background) were obtained from
Jackson Laboratories (USA) and bred in the vivarairtheCentro de Pesquisas Aggeu
Magalhaes Prior to the protocol, the state of the healthmide was determined. After
weaning,sixty mice were fed a standard diet for eight days @péation. After this
period, mice received an atherogenic ditagSolucdes Biociéncip$or 10 weeks (Li
et al., 2000), were separated into three groupddnand submitted to daily treatment
by gavage with pioglitazone and LPSF/GQ-02 for agsj as follows:
HFD15 — This group received the atherogenic diet (HF@)ststing of 21% milk fat
and 1.25% cholesterol (Li et al., 2000).
P1015 - This group received HFD and was treated with @Bgiday of pioglitazone

(Actos®) for 15 days (Game et al., 2007)
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LPSF/GQ-02-15 This group received HFD and was treated with @Bigpday of
glitazone LPSF/GQ-02 for 15 days (Mourao et alQ%)0

A second experiment assessed the glitazones fonget period of time. The
animals were submitted to the above mentionedriajtalthough they received the
atherogenic diet for 12 weeks (Gupte et al., 2048 the drugs were administered
during the last four weeks of the experimental ,dietialing 30 days of treatment with
glitazones (HFD30/ PI030/ LPSF/GQ-02—-30Mice were maintained in plastic cages
at 22°C (x1°C) on a 12 h light-dark cycle and reedi water and chovad libitum
during all the experiment. At the end of the treatitn mice were anesthetized
(Ketamine/Xylasine). Blood was collected by cardmmcture and it was transferred
into dry tubes. The serum was separated and statee?0°C for biochemical
measurements. Aortas were dissected, fixed forepgostprocessing (morphological
analysis) and frozen at - 80°C for posterior Westblotting and real-time PCR

analysis.

Masson’s Trichrome Stain

The cuts were stained with Masson’s trichrome t®ss the amount of collagen
in the aorta. The slides were pre-treated with xgléo remove paraffin and hydrated
with a decreasing amount of ethanol. Subsequeiiycuts were stained with working
hematoxylin solution for 10 minutes. Next, the edvere immersed in Biebrich scarlet
for 5 minutes and Rinse in distilled water. Nexijdes were treated with
Phosphotungstic/phosphomolybdic acid solution fonother 10 minutes and
immediately transferred directly into Aniline blder 5 minutes, washed in running
water for 2 minutes and lastly treated with 1% igcatid solution for 1 minute. After

this process, the slides were dehydrated in ethahdl00%, cleared in xylene and
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mounted. Five images of the same magnification vegrantitatively analyzed using

Gimp 2.6 software (GNU Image Manipulation ProgramllX platforms).

Cytosolic and Nuclear protein extraction

Cytosolic and nuclear proteins from aortas werdated using Cayman’s
Nuclear Extraction kit (Cayman chemical companynAuabor, Michigan, USA). Aorta
fragments were homogenized in a hypotonic buffeppkemented with DTT and
Nonidet P-40 per gram of tissue. Aortas were themtrduged and re-suspended by
adding specified assay reagents, following the ramturer's instructions. The
cytosolic and nuclear fractions were stored in giviled vials at -80°C until further
analysis. Aorta cytosol proteins were used to deter the quantity LOX-1 and p-1kB

in the immunoblotting, whereas nuclear fractionsengsed for p-NFkB-p65.

Measurement of protein levels

The total, cytosolic and nuclear extraction protewels were determined using
the Bradford method, with bovine serum albumin @smdard (Bradford, 1970)he
optical density of samples was measured at 660 nnma cpectrophotometer. All
samples were run in duplicate and the mean ofwieeabsorbancé&vels was used to
determine protein quantification. The protein coricaion per sample amount was
determined using the equation from a calibratiorveuThe curve was generated using
the same method as the samples, with the substitofi bovine serum albumin at five

concentration levels.
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Western blot analysis

After protein quantification, 4Qug of total proteinwas loaded on 12% SDS-
polyacrylamide gels and blotted onto nitrocellulesembranes(Bio Rad, CA, USA,
Ref. 162-0115)The membranes were blockedernight at 4°C with 5% non-fat milk in
TBS-T (Tris-buffered saline 0.1% plus 0.05% Tweed, pH 7.4) followed by
incubation with antibodies against the following:LOX-1 (1:500, Santa Cruz
Biotechnology, CA), p-lkB (1:1000, Abcam Cambridge, UK) and p-NFkB-p65
(1:2000, Abcam Cambridge, UK) diluted in TBS-T lasfsolution containing 3% non-
fat milk for 3h at room temperature. After washiisg times, 10 min each) in TBS-T,
the membranes were incubated with horseradish pmE®s-conjugated anti-rabbit
antibody (1:80000, Sigma, USA), diluted in TBS-TilwlL% nonfat milk, for 1h 30min
at room temperature. An enhanced chemiluminescezagent (Super Signal, Pierce,
Ref. 34080) was used to visualize the labeled probmnds and the blots were
developed on X-ray film (Fuji Medical, Kodak, RefZ358487-50EA). For
quantification, the density of pixels of each bamds determined by Image J 1.38
software (available at http://rsbweb.nih.gov/ij/ddead.html; developed by Wayne
Rasband, NIH, Bethesda, MD). The results were cmefil in three sets of experiments
for each protein investigated. Immunoblotting fleactin was performed as a control for
the above protein blots. After protein blot vismation with enhanced
chemiluminescence, the protein antibodies wer@d from the membranes, which
were reprobed with monoclonal aftiactin antibody (1:2000, Sigma, USA), and

protein densitometry was performed.
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Quantitative real-time PCR analysis

Total RNA was isolated from cells of atherosclerdgsion areas using trizol
reagent (Life Technologies), andu® of RNA were reverse transcribed into cDNA
using a high-capacity cDNA reverse transcriptiofy &ccording to the manufacturer's
instructions (Life Technologies). Quantitative raale PCR was performed in an ABI
7500 Fast System (Applied Biosystems, Foster @, USA) using SYBR Green
PCR Master Mix (Life Technologies) and specificnper pairs for ABCA-1, ABCG-1,
MCP-1, CD-36, CD-40, LXR, PPARI, PPAR and GAPDH (table 1). The primers
were designed using Primer Express version 2.0 l{@gBiosystems). The cycling
program was 95 °C for 15 min, followed by 40 cyctd<95 °C for 15 s, 60 °C for 1
min, and single-cycle dissociation stage. Each $amyas run in triplicate. The
expression of each target gene was normalized GARDH relative expression as an
internal efficiency control. The mRNA fold changelative to the control was

calculated using the 2(—Delta Delta c(t)) methowdk and Schmittgen, 2001).

Table 1. Forward and reverse primers used for reatime PCR

Gene Forward primer Reverse primer

ABCA-1 5 -GGTTTGGAGATGGTTATACAATAGTTGT-3' 5 -TTCCCGGAAACGCAAGTC-3'

ABCG-1 5-CCTTCCTCAGCATCATGCG-3' 5-CCGATCCCAATGTGCGA-3'

CD-36 5- TTTCCTCTGACATTTGCAGGTCTA -3' 5- AAAGGCATTGGCTGGAAGAA -3'
CD-40 5 — CTGGACAAGCTGTGAGGATAAG -3’ 5" — TAGAGAAACACCCCGAAAATG -3’
GAPDH 5- TGCACCACCAACTGCTTAGC -3 5’-GCCCACGGCCATCA -3’

LXRa 5"-CAGAGAGGAAGCCAGGATGCC-3’ 5-GAGCGCCGGTTACACTGTTGC-3’
MCP-1 5-TGAGTAGGCTGGAGAGCTACAA-3’ 5-ATGTCTGGACCCATTCCTTC-3'
PPARr  5- TCAGGGTACCACTACGGAGT-3’ 5-CTTGGCATTCTTCCAAAGCG-3’
PPARy 5-CACAGAGATGCCATTCTGGC-3 5-GGCCTGTTGTAGAGCTGGGT-3’

Statistical analysis
GraphPad Prism software (version 5) was used fostatistical analysis. Data

were expressed as mean * standard deviation (PDi¢rences between the control
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and treated groups were analyzed using analysisaénce (ANOVA), prior to the
performance Tukey’'s post hoc test or the Stude+tést. Probability values less than

0.05 were considered significant.

RESULTS

Effects of LPSF/GQ-02 on the content collagen iriaao

Collagen and proteins that constitute the extrata@llmatrix are suggested to
play important roles in the progression of athderstic lesion. Therefore, we
evaluated the content of collagen in the aorta DL -/- mice after LPSF/GQ-02
treatment. As illustrated in Fig 1, collagen acclation was decreased by treatment
with LPSF/GQ-02. Although the reduction in the agkn accumulation induced by
LPSF/GQ-02 treatment for 15 days was significanemvicompared to HFD and PIO
groups (Fig. 1A-C), the treatment with LPSF/GQ-6230 days reduced the deposition
of collagen significantly only when compared to Ri@up (Fig. 1D-F). Quantitative
analysis of the collagen content was performed lingeoups using ANOVA and

Tukey's post hoc tes{&ig. 1G and 1H).

Influence oLPSF/GQ-02 on gene expression of protein involnedeverse cholesterol

transport

Both ABCA-1 and ABCG-1 play a pivotal role in themmoval of excess
intracellular cholesterol and phospholipids todipioor apolipoprotein acceptors in the
initial step of reverse cholesterol transport. Aswen in Fig. 2, only the treatment with

PIO for 30 days increased the mRNA levels of ABCaid ABCG1. On the other
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hand, expression of ABCA-1 mRNA was unchanged irnaaof LPSF/GQ-02reated
mice (Fig. 2A and B). In addition, the treatmentthwLPSF/GQ-02 for 15 days
suppressed ABCG1 mRNA whereas no effect was obdenvihe aorta of mice treated

with LPSF/GQ-02 for 30 days (Fig. 2C and D).

Action of LPSF/GQ-02 on expression of scavengesptees LOX-1 and CD-36

LOX-1 and CD-36 are receptors involved in the bigdand internalization of
oxidized low-density lipoprotein (ox-LDL) cholestérparticles, thereby playing an
essential role in pro-atherogenic mechanisms imetu@ndothelial dysfunction and
foam cell formation. In order to establish if LPG&REJ-02 treatment could modulate
levels of these receptors, we evaluated CD-36 mRNALOX-1 protein levels. As can
be seen in Fig. 3A, no significant difference wasedted on LOX-1 expression after 15
days of treatment with the TZDs (Fig. 3A). Convéysafter 30 days of treatment, the
LSF/GQ-02 downregulated the expression of LOX-1 garmg with the HFD and PI1O
groups, indicating a possible beneficial effectra@ducing atherosclerotic plaques. On
the other hand, treatment with PI1O for 15 and 3@sdgpregulated the mRNA levels of
CD-36 when compared to HFD and LPSF/GQ-02 groupg. (BC-D). Unlike PIO,

treatment with LPSF/GQ-02 did not affect the mRN#dl of CD-36.

LPSF/GQ-02 treatment induces anti-inflammatoryafén mice with atherosclerosis
Atherosclerosis is a chronic inflammatory diseasaratterized by lipid and
cholesterol accumulation within the walls of largad medium arteries. Thus, we
investigated the anti-inflammatory properties of SEPGQ-02 on mice after
development of atherosclerosis. The pdkB the active form of the inhibitory protein

of NFkB. The cytoplasmic p-lkB expression was evaluated after 15 and 30 days of
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treatment with TZDs. As showed in the Fig 4, neefffivas observed after 15 days of
treatment with LPSF/GQ-02 (Fig. 4A). By contrase3F/GQ-02 treatment for 30 days
decreased the p-lkBlevels (Fig. 4B). Consistently, the expressiomotlear p-NkB
was unchanged by the treatment with LPSF/GQ-02.%0days whereas the treatment
for 30 days suppressed p-RB-expression.

Monocyte chemoattractant protein-1 (MCP-1/CCL23 igotent chemoattractant
for mononuclear cell fundamental in the developmentinflammatory diseases
(Inoshima et al., 2004). In atherosclerosis, MCfiht affect monocyte recruitment,
thereby contributing to the progression of athderstic lesiongGu et al., 1998)Also,
CD40, a trimeric transmembrane glycoprotein stnadhy related to TNFe: is described
as an relevant marker of atherogenesis (Henn et1888; Aukrust et al., 1999).
Therefore, to verify the impact of LPSF/GQ-02 treaht on important markers of
atherosclerosis, the mRNA levels of MCP-1 and CDa#0e evaluated. As depicted in
Figure 4, MCP-1 and CD-40 mRNA levels were foundb¢éodecreased after 15 days of
treatment with LPSF/GQ-02 (Figs. 4E and 4D). Ontiaogy, no effect was observed
after the treatment with LPSF/GQ-02 for 30 dayg.(BiF e 4H). Interestingly, after 30
days of treatment with P10, aortic tissue showexvaied expression of MCP-1 e CD-

40 (Fig. 4F e 4H).

Effect of LPSF/GQ-02 on genic expression of PEAPAR e LXRx

To determine whether LPSF/GQ-02 treatment could utade also the gene
expression of its potential targets, the mRNA Isvéiree transcriptional factors
(PPARy, PPARy e LXRa.), were analysed.

After 15 days of treatment, the TZDs treatment gplated the expression of

PPARy when compared to HFD group (Fig. 5A). On the othand, after 30 days of
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treatment, only PIO treatment increased the mRNyelte of PPAR (Fig. 5B).
Interestingly, treatment with P10 induced PPAgene expression after 15 and 30 days
of treatment when compared with the HFD group waemo effect wes observed with
LPSF/GQ-02 treatment (Fig. 5C-D).

The liver X receptor (LXR)x is a member of the nuclear receptor family of
transcription factors. These transcription factfngn heterodimers with retinoic acid
receptor (RXR) and regulate the expression of gemeslved in lipid metabolism,
glucose and reverse cholesterol transport (Im astzbfe, 2011), while increasing high
density lipoprotein (HDL) levels (Miao et al, 2004hus, LXRs decrease the risk of
development of cardiovascular disorders includitigersclerosis. After 15 days of
treatment, PIO enhances L¥Rexpression when compared to HFD group (Fig. 5E).
Unexpectedly, treatment with LPSF/GQ-02 for 30 ddgsreased LXR mRNA levels

when compared with the other groups (Fig. 5F).
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DISCUSSION

This study provides evidence that the new TZD LRES}F02 affects
atherosclerotic lesion composition in LDLr -/- micCEhe treatment with LPSF/GQ-02
for 15 days decreases collagen accumulation andmdgulated the mRNA levels of
CD40, MCP-1 and ABCG1 in aorta. Importantly, theatment with LPSF/GQ-02 for
30 days not only reduced total collagen contenthenplaque, but also decreased the
protein levels of LOX-1, pdBa and p-NkB. However, no effect was detected on the
MRNA levels of ABC transporters, CD-40 and MCP-Ihwihe prolonged treatment.
Overall, although both treatment protocols with BRSQ-02 leads to beneficial effects
preventing atherosclerosis progression, the duradiotreatment is also correlates to
particular findings.

An important observation derived from our data hattthe treatment with
LPSF/GQ-02 for 30 days modulates the expressiom@X-1. There is increasing
evidence that LOX-1, a versatile scavenger receibtair is ubiquitously expressed in
vascular cells (ECs, SMCs and macrophages), mggttaiverse cellular events, such
as endothelial dysfunction, foam-cell formation (¥ual., 2013) as well as modulate
collagen accumulation in atherosclerotic plaguas €Hal., 2008). As a result, LOX-1 is
critical for the pathogenesis of atheroscleros®iie et al., 2005; Mehta et al., 2007,
White et al., 2011).

It is interesting to note that LPSF/GQ-02 treatmfentl5 and 30 days reduced
the collagen accumulation in the atherosclerosmies. Collagen consists in one of the
components of the extracellular matrix (ECM), whisleritical for the plaques stability.
However, it is worth to point out that total coléagcontent in atherosclerotic lesions
results from the balance between its synthesis P)CS and its degradation by

macrophage-derived matrix metalloproteinase (MMRX)nsistently, in a previous
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report, LPSF/GQ-02 suppressed the expression of MM#hich degrades collagen by-
products after initial cleavage by collagenasel/§Sst al, 2013). Remarkably, MMP-9
deficiency has been associated not only with lavedliagen content on plaques, but also
with smaller lesions in a mouse model of atheraossis (Luttun et al., 2004). Thus, it
may be reasonable to suppose that the modulatiki©dF1 and MMP-9 induced by
LPSF/GQ-02 may contribute to the decreased collagenmulation, thereby altering
composition and growth of atherosclerotic lesions.

Inflammation has been implicated in every stagedlwdrasclerosis, ranging from
onset of plaque to its rupture (Wong et al., 20itZ)as been proposed that the interplay
between insulin resistance and inflammation caacatitherogenesis. On this basis, the
clinical use of insulin sensitizers, such as thiidawediones (TZDs), has been proposed
as a therapeutic alternative to improve aspecéda@lto atherosclerosis. In this context,
experimental studies have shown that beyond theliabetic effect of TZDs, these
compounds can attenuate inflammation by decreasflagrimatory markers such as C-
reactive protein (CRP) and MMP-9 and inhibit preddtion of macrophages (Loke et
al., 2011; He et al., 2006). A previous work hamdestrated that LPSF/GQ-02 could
decrease inflammation by reducing IL-6, INOS, COX#&1 F4/80, and increasing the
protein expression ofkBa and cytoplasmic NEB-65 in a mouse model of NAFLD
(Silva et al, 2015). NEB activation is associated with atherosclerosis imvdlves a
complex series of signaling events that begins with activation of the inhibitokB
(IkB) kinase complex, which, in turn, phosphorylateB (Karin and Delhase, 2000;
Hayden and Ghosh, 2004). As a resultxRFegulates the expression of several genes
related to the atherogenesis. Corroborating previmdings in NAFLD, our data have
shown that the treatment with LPSF/GQ-02 for 15 sdayppressed mRNA of

inflammatory markers, CD-40 and MCP-1 whereas 3@deeatment reduced gBa
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and p-NkB protein levels. These results reinforce the anft&mmatory properties of
LPSF/GQ-02.

Previously, we have also shown that LPSF/GQ-02trtreat for 30 days
increases HDL levels in high-fat fed LDIrmice (Silva et al, 2015). Although reverse
cholesterol transport (RCT) from macrophage-deriiedm cells present in the
atherosclerotic lesions only provides a small amairthe cholesterol content to the
HDL particles, this process is relevant during atigenesis (Rosenson et al., 2012). In
this regard, RCT from macrophage-derived foam amlstributes not only to the total
content of HDL patrticles, but also decreases cheiels concentration in plaques.
Important pathways for RCT macrophage-derived fozetis involve ABCA1l and
ABCGL1 transporters. ABCA1 mediates cholesterolugfflo lipid-free apolipoproteins
such as apoA-l and apoE whereas ABCG1l mediatesestieobl efflux from
macrophages through interactions to HDL partigléennedy et al., 2005; Wang et al.,
2004). Thus, ABCA1 and ABCG1 have complementarggoh mediating cholesterol
efflux to HDL (Gelissen et al., 2006). Surprisinglye show here only the short period
treatment with LPSF/GQ-02 downregulated ABCG1 ssggg that RCT from
macrophage-derived foam cells might be not esdetttiddDL increase induced by
treatment with LPSF/GQ-02 for 30 days. In contrasijne with a previous work, the
treatment with pioglitazone for 30 days increasemegexpression of ABCAl and
ABCG1 (Ozasa et al., 2011).

There is evidence suggesting thilie molecular structure of LPSF/GQ-02
indicates a possible role as an agonist of PPARite et al., 2007). IndeedZDs are
described as synthetic PPARgands. However, some TZDs, including pioglitazone
might also demonstrate PPARIependent effects (Orasanu et al., 2008). RPAR

expressed in tissues such as the heart, kidnagstimal mucous, skeletal mucous and
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liver, regulating genes involved in the lipid metabm, gluconeogenesis and amino
acids (Gonzalez et al.,, 2008). In addition, PRA&Sso acts on pro-inflammatory
pathways and negatively affects other signalingnways, such as NdB (Lalloyer et
al., 2011). As a result of its effects on the lipigtabolism and inflammation, PPAR

plays a fundamental role on the progression ofratiéerosis irLDLr

“mice(Li et al.,
2004). In this study, we report that similar to glitazone, the treatment with
LPSF/GQ-02 increased the mRNA levels of PBARNn contrast, LPSF/GQ-02
treatment has no effect on the mRNA expressionRAR whereas pioglitazone also
upregulated the mRNA levels of PP aorta. It is tempting to speculate that the
anti-inflammatory effects of LPSF/GQ-02 describegtenand in our previous work
(Silva et al, 2015jnight be resulting of PPAdRactivation. However, further studies are
necessary to address whether LPSF/GQ-02-inducedtefardikely to be mediated by
PPARx andor PPAR/ dependent-mechanisms.

Taken together, our results demonstrate that tiegattmith LPSF/GQ-02 affects
the composition and growth of atherosclerotic lesin LDLr  mice. Moreover, we
demonstrate that LPSF/GQ-02 presents anti-inflarmamateffects that seen to be
probable consequent to PPARactivation. These observations, together with mece
findings that LPSF/GQ-02 inhibits the developmenit lwepatic steatosis and

inflammation suggest this new TZD as a remarkahlg dandidate.
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FIGURE LEGENDS

Figure 2- Action of LPSF/GQ-02 on thedeposition of collagen in the aorta of LDLr-/- mice (A,D)
HFD groups showing a great quantity of collagemdiventitial and medium layers. (B,E) Pioglitazone
groups did not reverse the conditions caused bitjtefat diet, exhibiting a great quantity of @agen in
adventitial and medium layers. (C,F) LPSF/GQ-02ugsexhibiting reduced collagen deposition in the
aorta (G,H) Quantification of labelling for collageby Masson’s Trichrome (N=5). Bars 20um. a=
adventitia, m= media, i= intima. Results are expedsas mean = SD. p < 0.05, ANOVA with Tukey post
hoc test. a=HFD group, b= PIO group, c= LPSF/GQHaip.

Figure 3— Effects of LPSF/GQ-02 on gene expressiaf the cholesterol reverse transport, ABCA-1
and ABCG-1. Male mice were treated as described, and the esipresevels of genes that might be
involved in the atherosclerotic process were evatliy real-time PCR. Results are expressed as tnhean
SD. p < 0.05, ANOVA with Tukey post hoc test. asH§roup, b= PIO group, c= LPSF/GQ-02 group.

Figure 4 — Effects of LPSF/GQ-02 on protein expresm of LOX-1 and gene expression of CD-36 in
the aorta of LDLr-/- mice after induced atheroscleptic lesion.(A) LOX-1 expression after 15 days of
treatment with LPSF/GQ-02. (B) LOX-1 expressioreafB0 days of treatment with LPSF/GQ-02. (C)
CD-36 gene expression after 15 of treatment witBEMQ-02. (D) CD-36 gene expression after 15 of
treatment with LPSF/GQ-02. Results are expressedean £ SD. p < 0.05, ANOVA with Tukey post
hoc test. a=HFD group, b= PIO group, c= LPSF/GQHaip.

Figure 5 — Anti-inflammatory effects of LPSF/GQ-02in LDLr-/- mice. (A, C) western blot of pidBa

and p-NKkB after 15 days of treatment with LPSF/GQ-02. (B,vizzstern blot of p¥Ba and p-NkB

after 30 days of treatment with LPSF/GQ-02. (E,R&al-time PCR mRNA expression of MCP-1 and
CD-40 after 15 days of treatment with LPSF/GQ-02.H) Real-time PCR mRNA expression of MCP-1
and CD-40 after 30 days of treatment with LPSF/GQResults are expressed as mean + SD. p < 0.05,
ANOVA with Tukey post hoc test. a=HFD group, b= Ri®up, c= LPSF/GQ-02 group.

Figure 6 — action of LPSF/GQ-02 on gene expressimf PPARa, PPARy and LXRa in LDLr-/-
mice. (A, C, E) Real-time PCR mRNA expression BPARi1, PPAR and LXRu, respectivelyafter 15
days of treatment with LPSF/GQ-02. (B, D, F). Réiale PCR mRNA expression 8PARy, PPAR and
LXRa, respectivelyafter 30 days of treatment with LPSF/GQ-02. Resalésexpressed as mean + SD. p
< 0.05, ANOVA with Tukey post hoc test. a=HFD grobg PIO group, c= LPSF/GQ-02 group.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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6. CONCLUSAO

Os camundongos LDLr-/- apresentaram acumulo déugare inflamag&do no
figado e aorta apds ingestdo crénica de uma dateem gordura. A LPSF/GQ-02 foi
capaz de atuar sobre os fatores de afetam a irf@meesisténcia a insulina e acamulo
de gordura no figado. Na aorta, a LPSF/GQ-02 asatwe a composicdo, crescimento
e inflamagéo nas lesBes aterosclerdticas dos camgod LDLr-/-. Esses dados
sugerem que a LPSF/GQ-02 exerce efeitos modulatéabre o metabolismo lipidico,
inflamacéo e resisténcia a insulina, sugerindoayu®SF/GQ-02 pode ser considerada
como uma molécula promissora para o tratamentecederdens como a aterosclerose e
NAFLD.
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Animal adotado pelo Colégio Brasileiro de Experimentagio Animal ( COBEA )
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FIOCRUZ ). Na presente formatacio, este projeto estd licenciado e tem
validade até 21 de janeiro de 2013,

Rio de Janeiro, 21/01/2009

Dra. Norma VéﬁTn'gr/Labﬁ‘éhe
Coordenadora da CEUA
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Toxicology and Applied Pharmacology publishes original scientific research of relevance to animals or
humans pertaining to the action of chemicals, drugs, or chemically-defined natural products.

Reqgular articles address mechanistic approaches to physiological, pharmacologic, biochemical,
cellular, or molecular understanding of toxicologic/pathologic lesions and to methods used to describe
these responses. Safety Science articles address outstanding state-of-the-art preclinical and human
translational characterization of drug and chemical safety employing cutting-edge science. Highly
significant Regulatory Safety Science articles will also be considered in this category. Papers concerned
with alternatives to the use of experimental animals are encouraged.

Short articles report on high impact studies of broad interest to readers of TAAP that would benefit
from rapid publication. These articles should contain no more than a combined total of four figures
and tables. Authors should include in their cover letter the justification for consideration of their
manuscript as a short article.

TAAP also issues a standing call for outstanding Invited Review Articles . Potential authors should
contact the Editor-In-Chief and complete an Invited Review Proposal Form before preparing or
submitting their Review Article.

The following types of articles will be considered for publication: Research Paper, Safety Science
Articles, Short High Impact Articles, and Invited Reviews.

Research Paper address mechanistic approaches to physiological, pharmacologic, biochemical,
cellular, or molecular understanding of toxicologic/pathologic lesions and to methods used to describe
these responses. Regular Articles should be approximately 25 to 35 pages with double line spacing
including references but not including figures. Safety Science articles address outstanding state-of-
the-art preclinical and human translational characterization of drug and chemical safety employing
cutting-edge science. Highly significant Regulatory Safety Science articles will also be considered in
this category. Papers concerned with alternatives to the use of experimental animals are encouraged.

Short articles report on high impact(Short Communication) studies of broad interest to readers
of Toxicology and Applied Pharmacology that would benefit from rapid publication. These articles
should contain no more than a combined total of four figures and tables and should be approximately
12 to 15 pages with double line spacing including references. Authors should include in their cover
letter the justification for consideration of their manuscript as a short article and mention that this
belongs to the article type Short articles report on high impact.

Invited Review Toxicology and Applied Pharmacology also issues a standing call for outstanding
Invited Review Articles. Potential authors should contact the Editorial Office (tox@elsevier.com) and
complete an Invited Review Proposal Form before preparing or submitting their Review Article.

Data in Brief: Authors are welcome to convert any or all parts of their supplementary data into one
or multiple Data in Brief articles, a new kind of article that houses and describes their data. Data in
Brief articles ensure that your data, which is normally buried in supplementary material, is actively
reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon publication. You
can submit your Data in Brief directly alongside your research article submission (either initially or
at the revision stage). If your research article is accepted, your Data in Brief article will be editorially
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reviewed and published in the new, Open Access journal, Data in Brief. Your Data in Brief and research
article will directly cite and link to each other (see published examples). The open access fees will be
waived if your article is submitted by December 31, 2014.

Please use the following template to write your Data in Brief.

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/journal-authors/ethics.

Use of Animals in Experimental Studies

1. All studies involving the use of animals must contain language and, if necessary, support
documentation indicating that the studies were conducted in accordance with the laws and regulations
of governing authorities. A clear statement regarding approval by the local Institutional Animal Care
and Use Committee (IACUC) or equivalent must be made in the Methods Section.

2. Itis the policy of TAAP that no pictures of dead or moribund animals will be published in the journal.

Use of humans, human tissues, and clinical trials

1. All studies involving humans or human tissues must be approved by the appropriate Institutional
Review Boards (IRB) in accordance with laws and policies of governing authorities. A clear statement
regarding the use of humans in studies and the source of human tissues must be made in the Methods
Section with appropriate references to Informed Consent and Research Protections, if required by the
IRB. Support documentation may also be request by the journal or its editorial board.

Toxicology and Applied Pharmacology follows the ICMIE recommendations regarding conflict of
interest disclosures. All authors are required to report the following information with each submission:
All third-party financial support for the work in the submitted manuscript. All financial relationships
with any entities that could be viewed as relevant to the general area of the submitted manuscript.
All sources of revenue with relevance to the submitted work who made payments to you, or to your
institution on your behalf, in the 36 months prior to submission. Any other interactions with the
sponsor of outside of the submitted work should also be reported. Any relevant patents or copyrights
(planned, pending, or issued). Any other relationships or affiliations that may be perceived by readers
to have influenced, or give the appearance of potentially influencing, what you wrote in the submitted
work.

As a general guideline, it is usually better to disclose a relationship than not. This information will
be acknowledged at publication in a Transparency Document. Additional information on the ICMIJE
recommendations can be found at: http://www.icmje.org. The form for conflict of interest disclosure
can be downloaded here, or at http://www.icmje.org/coi_disclosure.pdf (if this link does not display
properly in your browser, please right-click the link and select "Save Target As..." or "Save Link as..."
from the popup menu.)

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/sharingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

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 be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
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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 by
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 Editor-
In-Chief of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been resolved to the satisfaction of the Editor-In-Chief.

After the accepted manuscript is published: TAAP will not accept any requests to add, delete, or
rearrange author names in an article.

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is more
suitable in one of our other participating journals, then you may be asked to consider transferring the
article to one of those. If you agree, your article will be transferred automatically on your behalf with
no need to reformat. Please note that your article will be reviewed again by the new journal. More
information about this can be found here: http://www.elsevier.com/authors/article-transfer-service.

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

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

For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see http://www.elsevier.com/copyright.

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

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some authors may also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
http://www.elsevier.com/fundingbodies.

US National Institutes of Health (NIH) voluntary posting (" Public Access") policy.

Elsevier facilitates author response to the NIH voluntary posting request (referred to as the NIH
"Public Access Policy"; see http://www.nih.gov/about/publicaccess/index.htm)by posting the peer-
reviewed author's manuscript directly to PubMed Central on request from the author, 12 months after
formal publication. Upon notification from Elsevier of acceptance, we will ask you to confirm via e-
mail (by e-mailing us at NIHauthorrequest@elsevier.com ) that your work has received NIH funding
and that you intend to respond to the NIH policy request, along with your NIH award number to
facilitate processing. Upon such confirmation, Elsevier will submit to PubMed Central on your behalf
a version of your manuscript that will include peer-review comments, for posting 12 months after
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formal publication. This will ensure that you will have responded fully to the NIH request policy. There
will be no need for you to post your manuscript directly with PubMed Central, and any such posting
is prohibited.

This journal offers authors a choice in publishing their research:

Open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse

* An open access publication fee is payable by authors or on their behalf e.g. by their research funder
or institution

Subscription

» Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (http://www.elsevier.com/access).

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

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

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

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Articles that in the opinion of Editor-In-Chief, Associate Editors and/or Reviewers do not
meet a high English language standard will be rejected on this technical basis. Manuscripts rejected
for language issues may be reconsidered and resubmitted after the author has demonstrated in
a cover letter that the manuscript has now met the English language standard. Authors who feel
their English language manuscript may require editing to eliminate possible grammatical or spelling
errors and to conform to correct scientific English may wish to use the English Language Editing
service available from Elsevier's WebShop (http://webshop.elsevier.com/languageediting/) or visit
our customer support site (http://support.elsevier.com) for more information.

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

Should you be unable to provide an electronic version, please contact the editorial office prior to
submission at e-mail: tox@elsevier.com; telephone: +1 (619) 699-6275; or fax: +1 (619) 699-6211.

All animal experiments should be carried out in accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guidelines, the European Communities Council Directive of
24 November 1986 (86/609/EEC) or the National Institutes of Health guide for the care and
use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
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clearly indicate in the manuscript that such guidelines have been followed. All animal studies
need to ensure they comply with the ARRIVE guidelines. More information can be found at
http://www.nc3rs.org.uk/page.asp?id=1357.

PREPARATION

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 your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced and has consecutive line numbering- this is
an essential peer review requirement.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. 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). See also the section on Electronic artwork.

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

Preparation of Manuscript.
Manuscripts text should have double line spacing and references should be single-spaced. Pages
should be numbered consecutively and organized as follows:

The title Page (p. 1) should contain the article title, authors' names and complete affiliations, footnotes
to the title, and the address for manuscript correspondence (including e-mail address and telephone
and fax numbers). The article title should be comprehensive and descriptive: proprietary names must
not be used in titles, but may be identified in footnotes.
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Page 2 should contain an abstract. The abstract should be limited to 250 words but must contain
a concise summary of what was done, the results obtained, and valid conclusions which are drawn
therefrom. It must mention the compounds or families of compounds studied, their actions, and the
species of animals. It must contain important words which are used as index terms, but not proprietary
names. Keywords should be listed immediately after the abstract.

Format. The following text sections should be used. Introduction. State why the investigation was
carried out, note any relevant published work, and delineate the objective of the investigation.

Methods. New methods or significant improvements of methods or changes in old methods must
be described. Methods for which adequate reference can be cited are not to be described. In the
Methods section, authors should draw attention to any particular chemical or biological hazards that
may be involved in carrying out the experiments described. Any relevant safety precautions should
be described: if an accepted code of practice has been followed, a reference to the relevant standards
should be given. Details regarding animal housing conditions should be given.

Results. Duplication between the text of this section and material presented in tables and figures
should be avoided. Tabular presentation of masses of negative data must be avoided and replaced
with a statement in the text whenever possible. The statement must include (a) what was done, (b)
how it was done, (c) how the data were analyzed, (d) a measure of variability, and (e) the significance
of the result.

Discussion. This section must relate to the significance of the work to existing knowledge in the field
and indicate the importance of the contribution of this study. Needless detailed recapitulation of the
results must be avoided. Unsupported hypotheses and speculation should be omitted.

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.

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

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.

Authors should draw attention to any particular chemical or biological hazards that may be involved
in carrying out the experiments described. Any relevant safety precautions should be described: if an
accepted code of practice has been followed, a reference to the relevant standards should be given.
Details regarding animal housing should also be notated.

Results
Results should be clear and concise.

Duplication between the text of this section and material presented in tables and figures should be
avoided and replaced with a statement in the text whenever possible. The statement must include (a)
what was done, (b) how it was done, (¢ ) how the data were analyzed, (d) a measure of variability,
and (e) the significance of the result.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is sometmes appropriate. Avoid extensive citations and discussion of published
literature.

Needless detailed recapitulation of the results must be avoided. Unsupported hypotheses and
speculation should also be omitted.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.
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s Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

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

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

s 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 uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

The abstract should be limited to 250 words. It must mention the compounds or families
of coumpounds studied, their actions, and the species of animals, but must not contain
proprietary names.

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. 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. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). See http://www.elsevier.com/highlights
for examples.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling 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.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

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.).
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Units will be in general accordance with the International System (SI) as adopted by the 11the General
Conference on Weights and Measures. Common abbreviations to be used in this journal are:

m meter

ppm parts per million

cm centimeter

cpm counts per minute

mm millimeter

dpm disintegrations per minute
um micrometer

sc subcutaneous

nm nanometer

ic intracutaneous

kg kilogram

im intramuscular

g gram

ip intraperitoneal

mg milligram iv intravenous
ug microgram

po oral

ng nanogram

LD50 medial lethal dose

ml milliliter

LC50 medial lethal concentration
>ul microliter

Hz hertz mol mole

s seconds

M molar

min minutes

mM millimolar

h hours

uM micromolar

SD standard deviation

N normal

SE standard error

Ci Curie TLV threshold limit value
X mean

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

Proprietary names of substances and names and addresses of suppliers should be identified in
footnotes. If the paper has been presented orally in whole or part, the date, and occasion should
be included in a footnote.

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build 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.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
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or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

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

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

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

* Use a logical naming convention for your artwork files.

» Indicate per figure if it is a single, 1.5 or 2-column fitting image.

¢ For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

» Please note that individual figure files larger than 10 MB must be provided in separate source files.
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

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

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

« Submit graphics that are disproportionately large for the content.

Color artwork

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

Please note: Because of technical complications that 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.

Figure captions

Ensure that each illustration has a caption. 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.

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

Unpublished results or personal communications should be cited as such in the text.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
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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 and a copy of the title page of the relevant article must be submitted.

Reference links

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

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

Most Elsevier journals have a standard template available in key reference
management packages. This covers packages using the Citation Style Language,
such as Mendeley (http://www.mendeley.com/features/reference-manager) and also others
like EndNote  (http://www.endnote.com/support/enstyles.asp) and Reference  Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages which are
available from the above sites, 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 as described in this Guide. The process of including templates in these packages
is constantly ongoing. If the journal you are looking for does not have a template available yet,
please see the list of sample references and citations provided in this Guide to help you format these
according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the reference style for
this journal by clicking the link below:
http://open.mendeley.com/use-citation-style/toxicology-and-applied-pharmacology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice. For more information about the Citation Style Language, visit
http://citationstyles.org.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

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

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

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

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ....'
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List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

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

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

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

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: 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 both the electronic and the print version
for the portions of the article that refer to this content.

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

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.

Alternatively, authors may convert any or all parts of their supplementary data into one or multiple
Data in Brief articles, a new kind of article that houses and describes their data. Data in Brief articles
ensure that your data, which is normally buried in supplementary material, is actively reviewed,
curated, formatted, indexed, given a DOI and publicly available to all upon publication. You can submit
your Data in Brief directly alongside your research article submission (either initially or at the revision
stage). If your research article is accepted, your Data in Brief article will be editorially reviewed and
published in the new, Open Access journal, Data in Brief. Your Data in Brief and research article will
directly cite and link to each other (see published examples). The open access fees will be waived if
your article is submitted by December 31, 2014.

AUTHOR INFORMATION PACK 7 Jun 2015 www.elsevier.com/locate/taap 15



Amanda K.S. Silva Avaliacdo dos Mecanismos de Acéo.......

Please use the following template to write your Data in Brief."

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

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 E-mail address

e Full postal address

All necessary files have been uploaded, and contain:

* Keywords

» All figure captions

» All tables (including title, description, footnotes)

Further considerations

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

* All references mentioned in the Reference list are cited in the text, and vice versa

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

Printed version of figures (if applicable) in color or black-and-white

¢ Indicate clearly whether or not color or black-and-white in print is required.

¢ For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 9 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We
will do everything possible to get your article published quickly and accurately. It is important to
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ensure that all corrections are sent back to us in one communication: please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely
your responsibility.

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://www.elsevier.com/track-submission. You can track your
accepted article at http://www.elsevier.com/trackarticle. You are also welcome to contact Customer
Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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ANEXO D: Artigos Publicados no Periodo de 2011-2015

Santos Rocha, Sura Wanessa ; Santos Silva, BrBaatps Gomes, Fabiana Oliveira
dos ; Soares e Silva, Amanda KarofiRaposo, Catarina; Sousa Barbosa, Karla Patricia
; Cipriano Torres, Dilénia de Oliveira ; Oliveir@sl Santos, Ana Célia ; Alves Peixoto,
Christina . Effect of diethylcarbamazine on chroh@patic inflammation induced by
alcohol in C57BL/6 mice. European Journal of Phawiagy, v. 689, p. 194-203, 2012.

Dilénia de Oliveira Cipriano Torres; Ana Célia Glika Santos; Silva, A. K. SMoura,
P.M.M.F; Eduardo Isidoro Carneiro Beltrdo ; Peixd@A . Influence of fatty acids in
maternal diet on atherogenesis in offspring of LDeceptor-deficient mice.
International Journal of Clinical and Experimeni¥dicine, v. 5, p. 56-63, 2012.

Soares e Silva, Amanda Karoljiae Oliveira Cipriano Torres, Dilénia; Santos Rach
Sura Wanessa ; dos Santos Gomes, Fabiana OlivdmsaSantos Silva, Bruna ; Donato,
Mariana Aragdo Matos ; Raposo, Catarina ; Santng, @élia oliveira ; de Lima, Maria
do Carmo Alves ; Galdino, Suely Lins ; da RochdaRitvan ; De Souza, José Roberto
Botelho ; Peixoto, Christina Alves . Effect of néwazolidine derivatives LPSF/GQ-02
and LPSF/GQ-16 on atherosclerotic lesions in LDteor-deficient mice (LDLR—/-).
Cardiovascular Pathology, v. 22, p. 81-90, 2013.

Dos Santos, Laise Aline Martins ; Ribeiro, Edlenm ; Barbosa, Karla Patricia Sousa
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