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RESUMO

O sobrepeso e a obesidade tém sido identificados como os fatores de risco
mais importantes para muitas doencas, incluindo doencas cardiovasculares,
diabetes tipo 2 e disturbios lipidicos como a doenca do figado gorduroso nao-
alcodlica (NAFLD). Atualmente, a NAFLD é considerada como a manifestacédo
hepética da sindrome metabdlica, sendo uma das doencas hepéticas mais
prevalentes em todo o mundo. Evidéncias crescentes sugerem que o AMPK e
SREBP sé&o reguladores criticos do metabolismo de lipidios no figado. As
tiazolidinadionas (TZDs) sdo comumente utilizadas para o tratamento de diabetes
tipo 2 e outras condi¢cdes que oferecam resisténcia a insulina como a NAFLD. No
presente estudo, foi avaliada a atividade biolégica do derivado tiazolidinico
(LPSF/GQ-02) sobre a via metabolica de lipidios na patogénese da NAFLD. Foram
utilizados camundongos deficientes do receptor de LDL (LDLr-/-) dividido em trés
grupos: 1- Dieta hipercaldrica (HFD); 2- HFD + Pioglitazona (20 mg/kg/dia); 3-
HFD+LPSF/GQ-02 (30mg/kg/dia). O experimento foi realizado por 12 semanas
sendo que nas ultimas 4 semanas as drogas em estudo (PIO e LPSF/GQ-02) foram
administradas via gavagem. Os resultados obtidos indicaram que a LPSF/GQ-02 foi
eficaz em melhorar a arquitetura hepatica diminuindo a acumulacdo de gordura no
figado, através da inibicdo da via da lipogénese (LXR/SREBP-1C/ACC/FAS), bem
como através da ativacdo da via lipolitica (AMPK/FoxO1/ATGL). Estes resultados
sugerem uma acdo direta da LPSF/GQ-02 sobre o metabolismo lipidico e
consequentemente na esteatose hepdética, devido a diminuicdo de gordura nos
hepatdcitos por meio da inativacdo da via de sintese de lipidios e aumento da (-
oxidacdo dos acidos graxos e lipolise. Sendo assim, esses dados apoiam o0s
resultados anteriormente publicado pelo Laboratorio de Ultraestrutura do Aggeu
Magalhdes, que mostraram a propriedade hipolipemiante da LPSF/GQ-02, ao
reduzir o acumulo de triglicerideo no figado, bem como confirma o potencial desta
TZD para o tratamento na NAFLD.

Palavras Chaves: Sindrome Metabdlica, NAFLD, Tiazolidinadionas, LPSF/GQ-02.



ABSTRACT

Overweight and obesity have been identified as the more important risk factors for
many diseases, including cardiovascular disease, type 2 diabetes and lipid disorders
as the disease. Nonalcoholic fatty liver disease (NAFLD). Actually, NAFLD is
considered as the hepatic manifestation of metabolic syndrome is one of the most
prevalent liver disease worldwide. Growing evidences suggests that AMPK and
SREBP are critical regulators of lipid metabolism in the liver. The thiazolidinediones
(TZDs) are commonly used for the treatment of type 2 diabetes and other conditions
that provide insulin resistance and NAFLD. In the present study, we evaluated the
biological activity of LPSF / GQ-02 on the metabolic pathway of lipids in the
pathogenesis of NAFLD. We used mice deficient in LDL receptor (LDLr - / -) divided
into three groups: 1 hypercaloric diet (HFD); 2- HFD + pioglitazone (20 mg / kg / day);
3- HFD + LPSF / GQ-02 (30mg / kg / day). The experiment was conducted for 12
weeks and in the last four weeks the drugs were administered daily by gavage. The
results indicated that LPSF / GQ-02 was effective in improving liver architecture by
decreased the accumulation of fat in the liver, by inhibiting the lipogenic via (LXR /
SREBP-1C / ACC / FAS), as well as activating the lipolytic pathway (AMPK / FoxO1
/ ATGL). These results suggest a direct action of LPSF / GQ-02 on lipid metabolism
in hepatic steatosis and, consequently, due to the decrease of fat in hepatocytes
through the inactivation of lipid synthesis pathway and increase the (-oxidation of
fatty acids and lipolysis. Thus, these data support the results previously published by
Ultrastructure Laboratory Aggeu Magalhdes, who showed lipid-lowering property of
LPSF / QA-02 by reducing triglyceride accumulation in the liver, and confirms the
potential of this TZD for treatment in NAFLD.

Key words: Metabolic syndrome, NAFLD, thiazolidinediones, LPSF / GQ-02, lipid-

lowering.



LISTA DE ILUSTRACOES

Figura 1 - Aspectos Macroscopicos e Microscopicos (A) figado normal, (B) Figado

COM eSteatoSe NEPALICA. ......cceeeeiii e 20
Figura 2 - Esquema do desenvolvimento e progresséo da NAFLD. ...................... 21
Figura 3 - Mecanismo de regulac¢do do acumulo de TG hepético. ..............cc...... 22
Figura 4: Esquema dos genes regulados por SREBPS..........ccccceeiiiiiiiiiieeciieiiiiiins 24

Figura 5: Esquema representativo das subunidades do AMPK e sua regulacéo... 26
Figura 6: Acédo de cada isoforma do receptores PPARs na NAFLD. ..................... 28
Figura 7: Acéo regulatoria do PPARa na oxidacao dos acidos graxos. ................ 29

Figura 8: Mecanismos pelos quais o tratamento com TZD melhora a esteatose
hepatica. No figado, TZDs regulam positivamente a adiponectina e/ou sirtulin, que
consequentemente, alteram reguladores hepaticos, levando ao aumento da

oxidacao dos acidos graxos e diminuindo a acumulacado de gordura. .................... 31

Figura 9: Estrutura quimica do novo derivado tiazolidinico. ..........c.cccccvveeeennnee. 33



LISTA DE ABREVIATURAS E SIGLAS

ACC Acetil CoA carboxilase

ADP Adenosina difosfato

ALT Alanina transaminase

AMPK Proteina quinase ativada por 5’AMP
AST Aspartato aminotransferase

ATGL Lipase de triglicerideo do tecido adiposo
ATP Adenosina trifosfato

CaMKK Quinase Célcio/calmodulina dependente da proteina quinase
COX-2 Ciclo-coxigenase-2

DM2 Diabetes mellitus tipo 2

eNOS Sintase de 6xido nitrico endontelial

FAS Sintase de acido graxo

FAs Acidos graxos livres

FFAs Acidos graxos livres

FoxO1 Proteina “forkhead box O1”

IL-6 Interleucina-6

INOS Sintase de 6xido nitrico induzivel

IRS-1 Substrato 1 do receptor de insulina
LDLr Receptor de LDL

LKB1 Quinase B1 do figado

LXR Receptor X do figado

MMP-9 Metaloproteinase de matriz-9

NAFLD Doenca do figado gorduroso néo alcodlico

NASH Esteatohepatite ndo-alcodlica



NF-kB Fator nuclear kapa B

PPARs Receptores ativados por proliferadores de peroxissomos
RI Resisténcia a insulina

RXR Receptor X retindide (RXR)

SCD1 Esteroil-CoA dessaturase

SM Sindrome Metabdlica

SREBP-1c Proteina de Ligacdo ao Elemento Regulatério de Esterol
TG Triglicerideo

TNFa Fator de necrose tumoral a

TZDs Tiazolidinadionas

VLDL Lipoproteina de muito baixa densidade



SUMARIO

1 INTRODUCAO

2 JUSTIFICATIVA

3 OBJETIVOS

3.1 OBJETIVO GERAL

3.2 OBJETIVOS ESPECIFICOS
CAPITULO |

4 REVISAO BIBLIOGRAFICA

4.1 FISIOPATOLOGIA DA NAFLD

4.2 METABOLISMO LIPIDICO E NAFLD

4.3 LIPOGENESE “DE NOVO”

4.3.1 LXR

4.3.2 SREBP-1C

4.3.3 ACC e FAS

4.4 PROTEINA QUINASE ATIVADA POR AMP-AMPK

4.5 RECEPTORES ATIVADOS POR PROLIFERADORES
DE PEROXISSOMOS (PPARS) E NAFLD

4.5.1 PPARa

4.5.2 PPAR-O/IB

4.5.3 PPAR-y

4.6 TZDS E NAFLD

4.7 NOVOS LIGANTES DO PPAR-y (LPSF/GQ-02)

5 REFERENCIAS

CAPITULO II
ARTIGO: Effects of LPSF / GQ-02 on hepatic lipid metabolism

pathways in non-alcoholic fatty liver disease (NAFLD)
6 CONCLUSAO

ANEXOS
Anexo 01: Parecer do comité de ética

Anexo 02: Normas da revista do Artigo

12
15
16

18
18
20
21
22
22
24
24

26
27
28
29
29
31

33

42

70

72
73



12

1 INTRODUCAO

A Sindrome Metabdlica (SM) é caracterizada pela combinacdo de varias
condicbes metabdlicas, como a obesidade, dislipidemia, aumento da pressao
sanguinea, resisténcia a insulina e uma condicao proé-inflamatéria (REAVEN, 2002).
A doenca do figado gorduroso nao alcodlico (NAFLD) é considerada como a
manifestacdo mais comum da sindrome metabdlica e uma das doencas do figado
mais prevalente do mundo (KANURI & BERGHEIM, 2013), e tem se tornado um
problema de saude publica devido a incidéncia cada vez maior de obesidade em
criancas e adultos (STANKOVIC et al., 2014).

A NAFLD é caracterizada pelo acamulo de gordura em mais de 5% dos
hepatécitos na forma de macro e/ou microvesiculas lipidicas (STANKOVIC et al.,
2014). Esse excesso de triglicerideos nas células do figado se da por um
desequilibrio de sua aquisicdo e/ou remocdo na célula. Essa disfuncdo pode ser
resultado da interag&o entre diversos fatores tais como: dieta hipercaldrica e/ou dieta
desequilibrada, o aumento da lipogénese “de novo” ou maior lipdlise no tecido
adiposo, um menor gasto de energia devido ao estilo de vida sedentaria, ou ainda
uma susceptibilidade genética (KANURI & BERGHEIM, 2013; TILG & MOSCHEN,
2010).

A Proteina de Ligacdo ao Elemento Regulatério de Esterol (SREBP) € um
fator de transcricdo lipogénico que € regulado nutricionalmente por glicose e
insulina. SREBP1 preferencialmente regula o processo lipogénico por atuar em
genes envolvidos na sintese de triglicerideos e acidos graxos como a acetil CoA
carboxilase (ACC) e a sintase de acido graxo (FAS) (QUAN et al., 2013), e encontra-
se ativado durante o processo patoldgico da NAFLD (TESSARI et al., 2009).

A Proteina quinase ativada por 5’AMP (AMPK) é uma serina/treonina quinase
gque medeia a adaptacdo celular aos fatores de estresse nutricional, metabolismo
celular e/ou resisténcia a insulina. Quando ativado, o AMPK inibe vias biossintéticas
de producédo de acidos graxos e esterdis, e ativa, simultaneamente, vias catabdlicas
produzindo ATP, como oxidacdo de acidos graxos, atraveés da regulacdo em curto
prazo de enzimas especificas e expressdo de genes (HARDIE, 2004). Evidéncias
crescentes sugerem que o AMPK e SREBP-1c sdo reguladores criticos do
metabolismo de lipidios no figado (LEE et al., 2010). O AMPK inativa o0 SREBP-1c e
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inibe a esteatose hepatica induzida por dieta rica em gordura em modelos
experimentais (KIM et al., 2009). Além disso, foi demonstrado que o AMPK regula a
atividade transcricional da proteina “forkhead box O1” (FoxO1) apresentando papel
critico na regulacéo da gluconeogénese e metabolismo lipidico. A ativacdo do AMPK
pode aumentar a expressdo da enzima lipase do triglicerideo do tecido adiposo
(ATGL), a B-oxidacdo do acido graxo, o transporte de glicose, gerando assim uma
maior produgéo de ATP (CHEN et al., 2011).

Por sua vez, os receptores ativados por proliferadores de peroxissomos
(PPARS) séo receptores nucleares ativados por ligantes que estdo envolvidos na
regulacdo transcricional do metabolismo lipidico, balanco energético, inflamacéo e
aterosclerose. Atualmente sao conhecidos trés isotipos PPAR-a, PPAR-6/3 e PPAR-
Yy (AHMED et al., 2007).

O PPAR-q, é predominantemente expresso no figado e em menor intensidade
no coracdo, musculo esquelético, intestino e rim onde exerce um papel importante
no controle da oxidacdo dos acidos graxos, metabolismos lipidicos e inflamacao
(LEFEBVRE et al.,, 2006; AHMED etal., 2007).0 PPAR-O/B possui expressao
significativa em tecidos responsaveis em controlar o metabolismo lipidico, como os
adipdcitos, intestino delgado, coracdo, musculo esquelético e macréfagos (GROSS
& STAELS, 2007). O PPAR-y é o isotipo mais estudado e esta relacionado com a
adipogénese e efeitos de sensibilizacdo a insulina através do desvio de acidos
graxos para o armazenamento de tecido adiposo, sendo presente em adipdcitos,
macrofagos, mondcitos, hepatécitos, células musculares e endoteliais (SOUZA-
MELLO, 2015).

As Tiazolidinadionas (TZDs) sédo agonistas sintéticos do PPAR-y utilizadas
clinicamente para tratar pacientes com diabetes tipo 2 (MIYAZAKI et al., 2002). S&o
agentes antidiabéticos orais, os quais atuam principalmente através do aumento da
sensibilidade a insulina do tecido adiposo. Estudos mostram que as TZDs
(rosiglitazona e pioglitazona) diminuem os niveis séricos de glicose, a resisténcia a
insulina, e a acumulacéo de acidos graxos livres no tecido hepatico (CHANG et al.,
2013). Apesar de existirem diversos estudos mostrando os efeitos benéficos dos
agonistas de PPAR-y, os efeitos colaterais cardiovasculares das TZDS tornaram-se
alvo de discussdo. Desse modo, é necesséria uma investigacdo de novos derivados

tiazolidinicos que desenvolvam efeitos colaterais menores.
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Recentes estudos demonstraram que o derivado tiazolidinico LPSF/GQ-02 (5-
(4-Cloro-benzilideno)-3-(4-metil-benzil)-thiazolidina-2,4-diona) foi eficaz em diminuir
a resisténcia a insulina e o acumulo de gordura hepatica, bem como reduzir a
aterosclerose, além de apresentar efeitos anti-inflamatorios importantes (SOARES &
SILVA et al., 2013, 2015). No presente estudo, as vias de sinalizacdo AMPK / LXR /
SREBP1 / ACC /| FAS e AMPK / FoxO1 / ATGL envolvidas no desenvolvimento de
esteatose hepatica foram avaliadas em modelo de NAFLD tratados com LPSF/GQ-
02.
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2 JUSTIFICATIVA

A doenca do figado gorduroso nao-alcoodlica é a causa mais comum de lesdes
hepéticas cronicas em todo o mundo. Varias evidéncias sugerem que multiplos
mecanismos, incluindo a resisténcia a insulina, estresse oxidativo, inflamacéo e
fatores genéticos interagem para iniciar o desenvolvimento da esteatose hepatica.
Entretanto, ainda ndo existe nenhuma terapia farmacoldgica aprovada para tratar a
NAFLD e seus fatores de risco associados. Estudos recentes realizados no
laboratorio de Ultraestrutura do Aggeu Magalhaes/FIOCRUZ-PE demonstram que o
derivado tiazolidinico LPSF/GQ-02 exerce efeitos benéficos sobre a resisténcia a
insulina, diminuicdo de aterosclerose e inflamagéo em animais LDLR-/- alimentados
com uma dieta rica em gordura, além de reduzir o conteudo lipidico hepatico.

Pesquisadores em todo o mundo tém investido na busca por novas moléculas
com o intuito de se obter alternativas terapéuticas mais seletivas e com menos efeitos
adversos contra a patogénese da NAFLD. Como resultados, esperamos caracterizar a
acdo da LPSF/GQ-02 para que possa ser utilizada como farmaco util na terapéutica
da NAFLD. Pretende-se ainda contribuir com as politicas de saude, ciéncia e
tecnologia brasileira através da identificacdo de moléculas com potencial
farmacolégico relevante para a saude, atuando, portanto, dentro de um segmento

estratégico para o desenvolvimento social e econdémico.
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3 OBJETIVOS

3.1 - OBJETIVO GERAL

Analisar o efeito do tratamento in vivo do derivado tiazolidinico LPSF/GQ-02,
comparativamente com a Pioglitazona, sobre o metabolismo lipidico hepéatico em

camundongos LDLr-/- induzidos com uma dieta rica em gordura.

3.2 - OBJETIVOS ESPECIFICOS

a) Avaliar a acdo da LPSF/GQ-02 sobre as modifica¢des histopatolégicas do
figado por coloracdo de hematoxilina-eosina;

b) Avaliar a acdo da LPSF/GQ-02 sobre o acumulo de lipidios no tecido

hepético pela coloracdo de Oil Red O;

c) Caracterizar imunohistologicamente o0s marcadores envolvidos na
lipogénese (SREBP-1c e ACC) e na lipdlise (ATGL);

d) Avaliar a acdo da LPSF/GQ-02 na expressdo de marcadores lipogénicos
(LXRa, SREBP-1c, ACC, p-ACC e FAS) e marcadores da lipolise (AMPK, p-AMPK,
FoxO1 e ATGL) pela técnica de Western Blotting;



Capitulo |
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4 REVISAO BIBLIOGRAFICA

4.1 FISIOPATOLOGIA DA NAFLD

A obesidade é resultado de um desequilibrio na relagdo da ingestdo e gasto
calorico, gerando um excesso de energia, que € armazenado sob a forma de
gordura no tecido adiposo (CHUGH & SHARMA, 2012; MCKENNEY & SHORT,
2011). Essa condicdo aumenta os riscos de desenvolvimento das doencas
cardiovasculares e diabetes mellitus tipo 2 (KOPELMAN, 2000). A SM é uma das
principais causas de mortalidade e morbidade em paises industrializados (SIMONS
et al., 2011) e se caracteriza pela combinacao de varias caracteristicas metabdlicas,
incluindo a obesidade, dislipidemia, aumento da pressado sanguinea, resisténcia a
insulina e um estado proé-inflamatério (REAVEN, 2002). A prevaléncia de sindrome
metabdlica se correlaciona com a epidemia global de obesidade e esta crescendo a
um ritmo alarmante, afetando mais de 20% da populacdo mundial adulta (ONAT,
2011). A crescente epidemia de sindrome metabdlica e suas complicacdes tais
como doencas cardiovasculares, tém sido acompanhadas por um aumento em
alteracdes hepdticas, incluindo a NAFLD. Essa patologia também se tornou uma
doenca hepética significativa, em criancas, devido ao aumento prevaléncia de
obesidade infantil (TAKAHASHI & FUKUSATO, 2012).

A NAFLD é a manifestacdo patolégica mais comum referente a doencas do
figado, sendo caracterizada por um acumulo de Triglicerideo (TG) macro e/ou micro
vesicular nos hepatdcitos (Figura 1), excedendo 5% do peso do figado e com
alteracdes persistentes nos niveis plasmaticos das enzimas hepaticas como
aspartato aminotransferase (AST) e alanina aminotransferase (ALT) (TESSARI,
2008; SONSUZ et al, 2000). De acordo com Donnelly et al (2005),
aproximadamente 60% dos TG no figado €& derivado de acidos graxos livres
oriundos da lipolise do tecido adiposo, 26% tém origem da lipogénese de novo e,
15% derivam da dieta. A maioria dos pacientes com NAFLD sdo assintomaticos, e
para um possivel diagnostico sdo utilizados testes para as enzimas hepaticas no
sangue e exames de imagem, como o ultra-som (BERLANGA et al., 2014).

A prevaléncia da NAFLD na populacdo de um modo geral esta associada com
a incidéncia da obesidade e de resisténcia a insulina (RI). Sua prevaléncia aumenta

de 10-24% para 25-75% quando associados a obesidade e diabetes mellitus tipo 2
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(CHATKIN et al., 2008). Essa patologia € compreendida em um amplo espectro de
danos no figado, variando de esteatose macrovesicular simples a esteatohepatite
n&o alcoolica (NASH), fibrose avancada e cirrose (ANGULO, 2002).

Figura 1: Aspectos Macroscoépicos e Microscopicos (A) figado normal, (B) Figado com esteatose

hepética.

Fonte: https://corticoides97unb.wordpress.com/2013/06/14/corticoides-e-esteatose/

A patogénese da NAFLD ndo é claramente bem descrita bem como os
mecanismos envolvidos na progressdo da esteatose para NASH. E sabido que a
resisténcia a insulina, o estresse oxidativo e a inflamacéo tem um papel importante
no desenvolvimento da NAFLD, bem como na sua progressdo (ALKHOURI &
MCULLOUGH, 2012). A teoria dos “dois hits” tem sido proposta para a fisiopatologia
da NAFLD. O primeiro “hit” refere-se ao acumulo de TG e acidos graxos livres
(FFAs) nos hepatocitos como uma consequéncia da RI. Em associacdo a Rl
promove a quebra de gordura do tecido adiposo liberando mais FFA na circulacao
gue serdo armazenados no figado, resultando na esteatose. O segundo “hit” envolve
a peroxidacao lipidica, a disfuncdo mitocondrial, mediadores inflamatérios e uma
série de interacbes complexas entre os hepatdécitos, células de Kupffer e adipocitos
resultando na NASH (THAN & NEWSOM, 2015; PAPANDREOU & ANDREOU,
2015) (Figura 2). A inflamacé&o crénica contribui para a progresséo da lesdo hepatica
e, em longo prazo, para o desenvolvimento de fibrose e cirrose. Por outro lado,
fatores dietéticos podem modular a esteatose hepatica, de forma que uma dieta rica
em gordura saturada promove uma maior elevacao de lipidios no figado e dos niveis
de insulina no plasma, induzindo a resisténcia a insulina e por consequéncia
afetando a funcédo mitocondrial (TESSARI, 2008).
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Figura 2: Esquema do desenvolvimento e progressédo da NAFLD.
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Fonte: Adaptada de ALKHOURIA & MCULLOUGH, 2012.

4.2 METABOLISMO LIPIDICO E NAFLD

O figado desempenha um papel importante no metabolismo lipidico, como na
importacdo e sintese de FFAs, armazenamento e exportacdo de lipidios; um
desequilibrio em algum desses processos pode levar ao desenvolvimento da NAFLD
(MUSSO et al., 2009). O aumento crénico de FFAs pode perturbar diversas vias
metabdlicas e induzir a Rl em véarios orgaos (PETTA et al., 2009). Por outro lado,
FFAs abundantes causam lipotoxicidade por meio da producdo de ROS, causando
inflamac&o, apoptose, induzindo a progressao para a NASH e fibrogénese (MALHI et
al., 2008).

O TG é a forma de armazenamento do excesso de FFAs em condicGes
fisiologicas. Os TG podem ser armazenados na forma de goticulas de lipidios dentro
dos hepatécitos ou distribuidos para o sangue na forma de Lipoproteina de muito
baixa densidade (VLDL). O acumulo excessivo de TGs hepaticos estd associado
com um aumento do fornecimento de FFAs do tecido adiposo periférico para o
figado e da lipogénese de novo através da via lipogénica. Por outro lado, a
eliminacdo de lipidios hepaticos, que ocorrem pela B-oxidagdo e exportacdo de
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VLDL, sdo moderadamente afetados (LEWIS et al.,, 2002). Os TG e o colesterol
quando acumulados na mitocéndria, sdo considerados agressivos, por conduzirem o
dano no figado mediada por Fator de necrose tumoral a (TNF-a) e por meio da
formacao de espécies reativas de oxigénio (MARI et al., 2006).

Em suma, a acumulacdo de TG nos hepatécitos € resultado de um
desequilibrio entre as vias de aquisi¢cao de lipidios, a absor¢do de acidos graxos e a
lipogénese de novo, e 0s mecanismos de remocdo, a oxidacdo mitocondrial e
exportacdo de particulas de VLDL. A fim de controlar a progressado da esteatose
hepatica, € importante compreender os mecanismos de regulacdo da acumulacao

dos lipidios no figado (BERLANGA et al., 2014) (Figura 3).

Figura 3: Mecanismo de regulagdo do acumulo de TG hepatico.
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Fonte: http://www.asaudeebemestar.com/2013/02/sindrome-metabolica.html

4.3 LIPOGENESE “DE NOVO”

Compreende o processo de sintese enddgena de acidos graxos (FAS) no
figado, e consiste na conversao da glicose em acetil-CoA, seguida da sua conversao
a malonil-CoA pela enzima ACC. Finalmente, a enzima FAS catalisa a formacéo de
acido palmitico a partir do malonil-CoA. Dependendo do estado metabdlico, FAs séo
entdo processados em TG e armazenados ou rapidamente metabolizados
(BECHMANN et al., 2012; KAWANO et al., 2013).
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Em um estado de jejum, uma diminuicdo dos niveis de insulina estimula a
hidrolase de TG nos adipdcitos, liberando os FFAs que séo transportados para o
figado. No figado os FFAs recém chegados podem ser utilizados para a producéo de
energia mitocondrial através da [p-oxidacdo, ou podem ser esterificados e
armazenados como goticulas lipidicas, ou empacotadas com a apoliproteina B em
VLDL, que é secretada para a circulacdo (KAWANO et al., 2013; FUCHS,2012) . Na
NAFLD a aquisicdo de FAs através da absorcdo e da lipogénese de novo séo
aumentados e compensados pela oxidacdo de FAs ou pela producédo de particulas
de VLDL (BERLANGA et al, 2014).

A regulacéo da via lipogénica ocorre no nivel da transcricdo de varios fatores
nucleares, como o Receptor X do figado (LXR), proteina 1c ligadora do elemento
regulado por esterdis (SREBP-1c), e das enzimas (ACC, FAS, Esteroil-CoA
dessaturase-1 [SCD1]). A esteatose hepéatica nos seres humanos tem sido
ultimamente associada com o aumento da expresséo de varios genes envolvidos na
lipogénese de novo (MITSUYOSHI et al., 2009).

4.3.1 LXR

Sao fatores de transcri¢cdo ativados por ligantes que pertencem a superfamilia
de receptores nucleares (BARANOWSKI, 2008). Apresentam-se em duas isoformas
a e B. LXRa tem sua expressao predominantemente no figado, no tecido adiposo e
no intestino. LXRP esta distribuido de forma homogénea nos tecidos (FAULDS et al.,
2010). A sua ativacdo estd associada com o aumento da lipogénese,
hipertrigliceremia e acumulacéo de lipidios no figado por meio da lipogénese de
novo e na progressao da esteatose (KIM et al., 2009). Esse acumulo de gordura no
figado por meio dessa ativacao do LXR é devido a inducéo dos genes envolvidos na
sintese de acidos graxos, como a ACC, FAS, SCD-1 e o fator de transcricdo nuclear
SREBP-1c (HAN et al., 2014).

4.3.2 SREBP-1c

SREBPs sdo uma familia de fatores de transcricdo ligados & membrana.

SREBPSs, sintetizadas como precursores inativos ligados as membranas do reticulo
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endoplasmatico e, portanto, devem ser submetidos a clivagem proteolitica para
liberacdo do seu dominio N-terminal, que constitui o fator de transcricdo maduro
(FERRE & FOUFELLE, 2010)

O SREBP apresenta-se sob diferentes isoformas: SREBP-1c e SREBP-2 e
SREBP-1a, esta ultima expressa em niveis muito baixos no figado (HORTON et al.,
2002). O SREBP-1c, a isoforma predominante no figado, é responsavel
preferencialmente pela transcricdo de genes envolvidos na regulacao da lipogénese
de novo, enquanto a isoforma SREBP-2 regula os genes envolvidos na biossintese
de colesterol e no metabolismo (Figura 4). A isoforma SREBP-1a, apesar de seus
niveis muito baixos no figado, ativa os genes das vias lipogénicas e colesterol
(BERLANGA et al., 2014).

Figura 4. Esquema dos genes regulados por SREBPs. In vivo 0 SREBP-2 ativa preferencialmente os
genes do metabolismo do colesterol, enquanto que SREBP-1c tem preferencia em ativar os genes do

metabolismo do acido graxo e triglicerideos.
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A regulacdo do SREBP-1c ocorre principalmente no nivel transcricional
(FERRE & FOUFELLE, 2010). Essa transcri¢édo € induzida por dois estimulos muito

diferentes: a insulina, um horménio liberado em resposta a ingestdo de hidrato de
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carbono e que conduz a um aumento paralelo tanto do precursor de SREBP-1c
ligado a membrana do reticulo endoplasmatico, quanto da sua translocagéo para o
nacleo; e o LXRa que também tem um papel importante na transcricdo de genes
relacionados a lipogénese. Em resposta a alimentacdo, SREBP-1c liga aos seus
genes lipogénicos, tais como ACC1, FAS, e de SCD1, e para o seu proprio gene,

estimulando a lipogénese hepética (BERLANGA et al., 2014).

4.3.3 ACC e FAS

No processo de sintese dos acidos graxos, a enzima ACC converte o acetil-
CoA a malonil-CoA. Em seguida, a enzima FAS, utiliza tanto a acetil-CoA e o
malonil-CoA para formar o acido palmitico. Ambas as enzimas séo reguladas por
SREBP-1c, e passam a desempenhar um papel importante no metabolismo
energético dos acidos graxos livres. Atualmente essas enzimas sdo consideradas
como possiveis alvos para a regulacdo da obesidade, diabetes, céncer e
complicagbes cardiovasculares e apresentaram uma maior expressao na NAFLD,
sugerindo suas acbdes como possiveis marcadores de diagnostico ou alvo
terapéutico para NAFLD (DORN et al., 2010; BERLANGA et al., 2014).

4.4 PROTEINA QUINASE ATIVADA POR AMP — AMPK

A AMPK é uma enzima que induz uma cascata de eventos intracelulares em
resposta a mudanca da carga energética celular e possuem o papel de manutencao
da homeostasia energética no metabolismo celular (HARDIE et al., 2003; CARLING
et al., 2004). Todas as ceélulas para sobreviver devem diariamente manter a relacédo
entre adenosina trifosfato (ATP) e adenosina difosfato (ADP) alta. Isso é obtido por
intermédio do catabolismo que aumenta a energia celular convertendo ADP e fosfato
em ATP, enquanto o anabolismo diminui 0 componente energético celular, por
converter ATP em ADP e fosfato. Convém ressaltar o fato de que a relacdo ATP—
ADP nas células geralmente permanece quase constante, indicando que o
mecanismo que regula esse processo é muito eficiente. A AMPK é um componente-
chave para a manutencdo desse equilibrio fisiologico (CARLING et al., 2004,
SCHIMMACK et al., 2006).
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AMPK é ativado por meio da fosforilagdo no residuo de treonina 172,
localizado no dominio catalitico da subunidade a. A ativacdo do APMK ocorre por
meio da quinase B1 do figado (LKB1), pela quinase calcio/calmodulina dependente
da proteina quinase (CaMKK) (SEO et al.,, 2014) (Figura 5), ou, por qualquer
estresse que cause aumento na relacéao intracelular AMP-ATP, tanto aqueles que
interferem com a producdo de ATP quanto também aqueles que aumentam o
consumo de ATP (HARDIE et al., 2003) e através de ativadores quimicos como a
Metformina e Tiazolidinedionas (TZDs) (ZHOU et al., 2001).

Figura 5: Esquema representativo das subunidades do AMPK e sua regulacdo. O AMPK torna-se
ativado em condi¢cBes de alta relacdo AMP/ATP. Nessas circunstancias, o AMP liga-se ao AMPK,

facilitando a sua ativacdo por meio da fosforilagcdo na Thr172, catalisada por LKB1 e CaMKK.
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Fonte: SID et al., 2013.

Uma vez ativada, AMPK exerce efeitos sobre o metabolismo da glicose e dos
lipidios, sobre expressdo génica e sobre sintese protéica. Essa enzima atua em
diversos 6rgéos, incluindo figado, musculo esquelético, coracao, tecido adiposo e
pancreas (ZHOU et al., 2001). No figado, a ativacdo do AMPK por fosforilacdo
inativa as enzimas associadas a lipogénese, tais como ACC (SEO et al., 2014). Com
a inativacdo da ACC nao h& concentracdes de malonil CoA suficientes para inibir a
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carnitina acil transferase e, portanto, ha uma predominancia da B-oxidacdo sobre a
sintese de acidos graxos, permitindo que a producdo de energia prevaleca sobre o
gasto (ZHOU et al., 2001). Mais ainda, de acordo com estudo publicado por Li et al
(2011), a ativacdo do AMPK inibe a clivagem e consequentemente a ativacado da
transcricdo do SREBP-1c por meio da fosforilacdo direta. SREBP-1c quando
inativado por consequéncia ira impedir a transcricdo dos genes responsaveis da
lipogénese.

Em contrapartida, a ativacdo do AMPK regula positivamente a enzima lipase
ATGL, que é responsavel pelo passo inicial do catabolismo em TG, e a sua
deficiéncia provoca uma acumulacdo de TG em diversos 6rgéos, incluindo o figado
(FUCHS et al., 2012). Por outro lado, a proteina ATGL também tem sua expressao
regulada por FoxO1 que é uma classe de proteinas “forkhead”. A falta de nutrientes
pode estimular a translocacédo do FoxO1 do citoplasma para o ndcleo, podendo se
ligar a uma regiao promotora do gene ATGL aumentando a sua transcricdo (CHEN
et al.,, 2012). Em resumo, a AMPK atua no figado diminuindo a sintese de lipidios e
estimulando a queima de gordura, além de bloquear a producdo hepatica de glicose
(ZANG et al., 2004).

Os efeitos da ativacdo da AMPK no metabolismo em geral sdo benéficos para
pacientes com NAFLD, sendo um potencial alvo para futuros agentes terapéuticos

no tratamento da sindrome metabdlica.

4.5 RECEPTORES ATIVADOS POR PROLIFERADORES DE PEROXISSOMOS
(PPARS) E NAFLD

Os PPARs possuem uma organizagcdo estrutural semelhante a outros
membros da superfamilia de receptores nucleares, como o receptor do acido
retindico e vitamina D. De modo geral, contém um dominio C que se liga ao DNA,
uma regido N-terminal que apresenta uma regido de ativacdo do PPAR e uma regiao
C-terminal a qual apresenta uma regido de ligacdo ao ligante TZD (FEIGE et al.,
2006). Ha trés is6topos em mamiferos de PPARs: PPARa, PPAR® e PPARYy, e
desempenham um papel chave na modulacdo da acumulacdo de TGs hepaticos.

PPARa regula a B-oxidacdo do &cido graxo, enquanto que o PPARy aumenta a
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sensibilidade a insulina bem como a regulacédo do armazenamento de TG no tecido
adiposo (KALLWITZ et al., 2008) (Figura 6).

Figura 6: Acdo de cada isoforma do receptores PPARs na NAFLD.
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Fonte: SOUZA-MELLO, 2015.

45.1 PPARa

E expresso no figado e em outros tecidos metabolicamente ativos, incluindo
musculo estriado, rim e pancreas (KALLWITZ et al.,, 2008). Sua ativacdo esti
relacionada com a transcricdo de aproximadamente 80-100 genes, atuando sobre a
oxidacdo dos acidos graxos, metabolismo lipidico e inflamacdo (AHMED et al.,
2007). Séo responsaveis pelo transporte de acido graxos e B-oxidacao, diminuindo o
acumulo de lipidios. Estudos mostraram que quando os camundongos tem o gene
do PPARa silenciados e expostos a condicdes de aumento do metabolismo de
acidos graxos no figado, resultam na esteatose hepatica do animal (KALLWITZ et
al., 2008). Em contra partida, animais que receberam uma dieta deficiente de colina
e metionina associado com a administracdo de uma agonista de PPAR, apresentou
uma diminui¢cdo na esteatose hepatica (NAGASAWA et al., 2006).

Outros fatores podem interagir com o PPARa regulando o contetudo de
triglicerideos hepaticos. Estes incluem a adiponectina, que € um horménio de origem

peptidica produzido em adipdcitos que limita a acumulacédo de gordura no figado por
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diversos mecanismos, incluindo a ativacdo de PPARa para aumentar a oxidacao dos
acidos graxos hepéaticos (YAMAUCHI et al., 2003). Em modelos de cultura celular, o
tratamento com adiponectina resultou em maior atividade de PPARaq, e
consequentemente os genes envolvidos na oxidacdo dos acidos graxos (YOON et
al., 2006). Por outro lado, a adiponectina é regulada positivamente também pelo
PPARYy, fornecendo uma ligacdo entre os dois isotipos (NESCHEN et al., 2006)
(Figura 7). Estudos observaram que uma ativagao parcial do PPARy juntamente com
uma ativacado seletiva do PPARa no figado por Telmisarfan, mostrou efeitos
positivos na arquitetura dos hepatocitos e na ultraestrutura em camundongos
alimentados com dietas com alto nivel de gordura, apresentaram uma reducédo da
expressdo do SREBP-1c e nos niveis de insulina, e uma maior densidade numérica
mitocondrial (SOUZA-MELLO et al., 2010; KUDO et al., 2009).

Figura 7: Acao regulatdria do PPARa na oxidacdo dos acidos graxos.
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Fonte: Adaptada de BERLANGA et al., 2014.

4.5.2 PPAR-6/

E o menos estudado entre os isotipos de PPARS, embora possua expressio
significativa em tecidos responséveis por controlar o metabolismo lipidico, como os
adipdcitos, intestino delgado, coracdo, musculo esquelético e macréfagos (GROSS

& STALES, 2007). Essa isoforma € importante ndo sé para a regulacdo metabdlica
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como para o desenvolvimento do organismo (GRIMALDI, 2007). Encontra-se
envolvido em muitos mecanismos bioldgicos, principalmente nas vias envolvidas na
gliconeogénese e do metabolismo lipidico, sugerindo que ag¢bes farmacologicas
dessa isoforma podem ser benéficas sobre a sindrome metabdlica (GRAHAM et al.,
2005).

4.5.3 PPAR-y

E expresso em niveis elevados no tecido adiposo e desempenha um papel
importante no aumento da sensibilidade a insulina, bem como na promocdo da
absorcdo de 4cidos graxos em adipdcitos e diferenciacdo de adipécitos. Pettinelli et
al (2011) mostraram que pacientes com NASH exibiram uma elevada expresséo
PPAR-y no figado, e que coincidia com uma super-expressdo de SREBP-1c, e por
consequéncia aumento da lipogénese hepatica. Em modelos murinos de NAFLD, a
ativacao total do PPAR-y por Rosiglitazona nao foi eficiente em reduzir a esteatose
hepética. Portanto, a ativacdo completa do PPAR-y favorece a transcri¢cdo de fatores
envolvidos na lipogénese, aumentando o acumulo de TG hepatico garantindo a
manutencdo da NAFLD (FRAULOB et al., 2012; FERNANDES-SANTOS et al., 2009;
SOUZA-MELLO, 2015).

Em contrapartida, outros estudos mostraram que camundongos deficientes
para 0 gene PPAR-y sdo protegidos contra o desenvolvimento da esteatose
hepatica, sugerindo um papel benéfico, evitando o acumulo de TG no figado
(MATSUSUE et al.,, 2003; GAVRILOVA et al.,, 2003). Devido a existéncia de
resultados controversos a respeito do mecanismo de acdo dessas moléculas, sao

necessarios estudos mais detalhados para um melhor esclarecimento.

4.6 TZDS E NAFLD

TZDs sédo agonistas de PPAR-y e melhoram o controle glicémico em
pacientes com diabetes mellitus tipo 2, aumentando a sensibilidade a insulina
(MIYAZAKI et al., 2002). As TZDs promovem aumento na sensibilidade & insulina no
tecido adiposo, figado e musculo esquelético (PROMRAT et al., 2004).
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Essas moléculas possuem como caracteristicas principais a presenca de um
anel tiazolidinico. A Ciglitazona, o primeiro agonista do PPAR-y apresentou bons
resultados em melhorar a glicemia em modelo de resisténcia a insulina, entretanto
nao foi comercializada por causar hepatotoxicidade. Troglitazona foi o primeiro
agonista de PPAR-y aprovada pela US food and drugAdministration (FDA) para o
tratamento da diabetes tipo 2 (WATKINS & WHITCOMB, 1998), porém quando
registrado graves hepatotoxicidades e morte foi retirada do mercado (ISLEY, 2003).
Rosiglitazona e Pioglitazona, aprovadas para uso pela FDA em 1999, séao
consideradas a segunda geracéo de agonistas do PPAR-y.

A terapia com TZD aumenta os niveis de adiponectina, que estdo associados
com o aumento da sensibilidade a insulina (MAEDA et al., 2001). Da mesma forma,
o aumento da adiponectina estimula a oxidacdo de acidos graxos por meio da
ativacdo do AMPK, inibindo o acumulo de lipidios no tecido hepatico (CHANG et al.,
2013) (Figura 8).

Figura 8: Mecanismos pelos quais o tratamento com TZD melhora a esteatose hepatica. No figado,
TZDs regulam positivamente a adiponectina e/ou sirtulin, que consequentemente, alteram
reguladores hepdticos, levando ao aumento da oxidacdo dos acidos graxos e diminuindo a

acumulacéo de gordura.
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As TZDs também aumentam a expressdo da proteina AMPK (SAHA et al.,
2004). O AMPK como dito anteriormente atua na regulagdo da oxidag¢do dos acidos
graxos, bem como diminui a lipogénese (HARDIE, 2003). A reducao na lipogénese €
mediada através de fosforilagcdo e inibicdo da ACC, o que diminui a formacdo de
malonil-CoA, inativando o SREBP (BROWNING & HORTON, 2004). Finalmente,
TZDs tém propriedades anti-inflamatorias e anti-fibroticas que podem ser benéficas
na NASH.

Apesar de existirem diversos estudos mostrando os efeitos vasculares
favoraveis dos agonistas de PPAR-y, os efeitos cardiovasculares das TZDs tornam-
se alvo de intensa discussdo. Em um estudo de metanalise, o tratamento com
Rosiglitazona foi associado a um aumento dos riscos de infarto do miocardio e
mortalidade por causas cardiovasculares (NISSEN & WOLSKI, 2007). De forma
controversa, o0 tratamento com Pioglitazona foi associado a reducdo do risco
combinado de infarto agudo do miocardio, acidente vascular cerebral e mortalidade
em 16%, entre pacientes diabéticos de alto risco cardiovascular (DORMANDY et al.,
2005). E possivel que os efeitos danosos apresentados pela Rosiglitazona sejam
especificos dessa molécula, ndo representando um efeito de classe. Entretanto, os
mecanismos determinantes do aumento de risco cardiovascular associado as TZDs

ainda ndo sdo conhecidos.

4.7 NOVO DERIVADO DO PPAR-I" (LPSF/GQ-02)

O envolvimento do PPAR-y em diversos processos bioldgicos, principalmente
na modulagdo do metabolismo lipidico e resposta inflamatdria torna esse receptor
nuclear um importante alvo para o desenvolvimento de novas moléculas. As TZDs
utilizadas clinicamente para tratar pacientes com DM2, sdo moléculas que possuem
interacdo especifica com o PPAR-y e por essa razdo sao consideradas potentes
agonistas desse receptor nuclear. Entretanto, a utilizagdo das TZDs esté relacionada
com diversos efeitos colaterais, como ganho de peso, retencdo de fluido e
hepatotoxicidade (YKI-JARVINEN, 2004), os quais podem ser responsaveis pelos
riscos cardiacos associados com a utilizacdo desses farmacos (NISSEN & WOLSKI,

2007). Dessa forma, diversas pesquisas estdo sendo realizadas para encontrar bons
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candidatos a farmacos, que possibilite o tratamento dessas patologias sem causar
efeitos colaterais t&o severos.

O novo derivado tiazolidinico LPSF/GQ-02 (5-(4-Cloro-benzilideno)-3-(4-metil-
benzil)-thiazolidina-2,4-diona) (Figura 9) sintetizado pelo Departamento de
Antibidticos da Universidade Federal de Pernambuco foi eficaz em melhorar a
resisténcia a insulina, reduzir a area de lesdes ateroscleréticas oferecendo um efeito
protetor ao endotélio, além de exercer efeitos anti-inflamatérios aumentando a
expressao do Oxido nitrico sintase endotelial (eNOS) e reduzindo a expressdo da
matriz metaloproteinase 9 (MMP-9) (SOARES & SILVA et al., 2013). Recentemente,
resultados obtidos com camundongos deficiente do receptor de LDL (LDLr-/-) em
modelo para NAFLD mostraram que a LPSF/GQ-02 foi eficaz em reduzir o acumulo
de gordura e colageno, bem como diminuiu os efeitos dos marcadores inflamatérios
como interleucina 6 (IL-6), de oOxido nitrico sintase (INOS), a ciclo-coxigenase -2
(COX-2) e F4/80 e aumentou a expressao da proteina IkBa, Fator nuclear kapa B
citoplasmatica (NFkB-65), sintase de éxido nitrico endotelial (eNOS) e do substrato 1
do receptor de insulina (IRS-1), sugerindo uma acdo direta desse novo derivado
tiazolidinico sobre os fatores que afetam a inflamacéo, resisténcia a insulina e
acumulo de gordura no figado destes animais (SOARES & SILVA et al., 2015).

Figura 9: Estrutura quimica do novo derivado tiazolidinico.

C” "s” ™0

cl LPSF/GQ-02

Fonte: Soares & Silva et al., 2013.

Visto os resultados promissores da LPSF/GQ-02 sobre a aterosclerose e a
inflamacéo hepética, o presente estudo propde avaliar a agdo da LPSF/GQ-02 sobre
a as vias lipogénicas e lipoliticas hepaticas em modelo de NAFLD.
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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is considered the more common
manifestation of metabolic syndrome. One of its most important features is the
accumulation of triglycerides in the hepatocyte cells. Thiazolidinediones (TZDs) act
as insulin sensitizers and are used to treat patients with type 2 diabetes and other
conditions that are resistant to insulin, such as hepatic steatosis. Controversially,
TZDs are also associated with the development of cardiovascular events and liver
problems. For this reason, new therapeutic strategies are necessary to improve liver
function in patients with chronic liver diseases. The aim of the present study was to
evaluate the effects of LPSF/GQ-02 on the liver lipid metabolism in a murine model
of NAFLD. Eighty male LDLR-/- mice were divided into 3 groups: 1-fed with a high-
fat diet (HFD); 2-HFD+pioglitazone (20 mg/kg/day); 3-HFD+LPSF/GQ-02
(30mg/kg/day). The experiments lasted 12 weeks and drugs were administered daily
by gavage in the final four weeks. The liver was processed for optical microscopy, Oll
Red O, immunohistochemistry and western blot analysis. LPSF/GQ-02 effectively
decreased fat accumulation, increased the hepatic levels of p-AMPK, FoxO1, ATGL
and p-ACC, and reduced the expression of LXRa, SREBP-1c and ACC. These
results suggest that LPSF/GQ-02 acts directly on the hepatic lipid metabolism
through the activation of the PPAR-a/AMPK/FoxO1/ATGL lipolytic pathway, and the

inhibition of the AMPK/LXR/SREBP-1C/ACC/FAS lipogenic pathway.
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INTRODUCTION

Overweight and obesity have been identified as the most important risk factors
of many diseases, including cardiovascular disease, type 2 diabetes and lipid
disorders such as metabolic syndrome. Non-alcoholic fatty liver disease (NAFLD) is
considered the most common manifestation of metabolic syndrome, is one of the
most prevalent liver diseases in the world (Kanuri & Bergheim, 2013) and has
become a major public health problem due to the impact of increasing obesity among

children and adults (Stankovl et al., 2014).

NAFLD is characterized by the accumulation of fat in more than 5% of
hepatocytes in the form of macro and/or micro lipid vesicles in the cytoplasm
(Stankovi et al., 2014). This excess of triglycerides in the liver cells occurs through an
imbalance in the acquisition and/or removal of the cell. This dysfunction may be the
result of interaction between various factors such as a high calorie and/or
unbalanced diet, increased lipogenesis or greater lipolysis in the adipose tissue,
inadequate energy expenditure due to a sedentary lifestyle, or a genetic susceptibility

(Kanuri & Bergheim, 2013; Tilg & Moschen, 2010).

Sterol regulatory element-binding protein 1 (SREBP-1c) is a lipogenic
transcription factor regulated by insulin and glucose, responsible for the regulation of
key genes involved in hepatic lipogenesis, such as fatty acid synthase (FAS) and
acetyl-CoA carboxylase (ACC), and lipoprotein cholesterol carriers (Quan et al.,
2013; Kim et al., 2009). SREBP-1c is upregulated by the Liver X receptor (LXR)
(Higuchi et al., 2008), and is activated during the pathological process of NAFLD

(Tessari et al., 2009).
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The 5'-AMP-activated protein kinase (AMPK) is a serine/threonine kinase that
mediates cell adaptation to nutritional stress factors, cell metabolism and/or insulin
resistance. When activated, AMPK inhibits the biosynthetic pathways from producing
fatty acids and sterols, and simultaneously activates the catabolic pathways that
produce ATP, such as the oxidation of fatty acids, by regulating specific short-term
enzymes and gene expression (Hardie, 2004). Mounting evidence suggests that
AMPK and SREBP-1c are critical regulators of lipid metabolism in the liver (Lee et al.,
2010). The AMPK inactivates the SREBP-1c and inhibits hepatic steatosis induced
by a high fat diet in experimental models (Kim et al., 2009). Therefore, AMPK and
SREBP-1c are promising therapeutic targets for the prevention of liver diseases
related to lipid accumulation. Furthermore, it has been shown that the AMPK
regulates the transcriptional activity of the forkhead box protein O1 (FoxO1), playing
a critical role in the regulation of gluconeogenesis and lipid metabolism. The
activation of AMPK can increase expression of adipose triglyceride lipase (ATGL),
the B-oxidation of fatty acids, and glucose transport, thereby generating greater ATP
production (Chen et al.,, 2011). Therefore, the AMPK/FoxO1/ATGL pathway is a

possible therapeutic target for dyslipidemia and fat in the liver (Chen et al., 2012).

Thiazolidinediones (TZDs) are oral antidiabetic agents, which act primarily by
increasing the insulin sensitivity of adipose tissue. Studies have shown that
thiazolidinediones (rosiglitazone and pioglitazone) decrease serum glucose levels,
insulin resistance, and the accumulation of free fatty acids in liver tissue (Chang et
al., 2013). Recently, results obtained with a murine model of NAFLD indicated that a
new thiazolidione derivative LPSF/GQ-02 was effective in decreasing fat
accumulation and the amount of collagen, as well as decreasing inflammation by

reducing IL-6, INOS, COX-2 and F4/80, and increasing the protein expression of
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IkBa, cytoplasmic NFkB-65, eNOS and IRS-1 in LDLr -/- mice. These results
suggest a direct action by LPSF/GQ-02 on the factors that affect inflammation, insulin
resistance and fat accumulation in the liver of these animals (Soares and Silva et al.,

2015)

In the present study, mice with NAFLD induced by a high-fat diet, were treated
with LPSF/GQ-02 and the signaling pathways PPRAa/AMPK/LXR/SREBP-
1c/ACC/FAS and PPARa/AMPK/FoxO1/ATGL were assessed for the development of

hepatic steatosis.

MATERIALS AND METHODS

Synthesis of Thiazolidine Derivative LPSF/GQ-02

LPSF/GQ-02 representing the compounds 5-(4-chloro-benzylidene)-3-(4-
methyl-benzyl)-thiazolidine-2,4-dione was synthesized at the Department of
Antibiotics of the Universidade Federal de Pernambuco (Brazil) in accordance with

the methodology described by Mouréo et al (2005).

Study Design

Eighty mice were divided into 3 groups, all of which were homozygous for the
absence of the LDL receptor gene (LDLr-/-), generated from C57BL6/J genetic
background mice, obtained from Jackson Laboratories (USA) and bred in the
vivarium of the Centro de Pesquisas Aggeu Magalhdes. The state of health of the
mice was determined and they were acclimated in a laboratory environment with a
temperature of 22°C (x1°) and artificial light from fluorescent lamps for a light/dark

period of 12/12 hours. After weaning, the animals were submitted to a standard diet
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for eight days of adaptation. After this period, they received an fat diet for 12 weeks
(Gupte et al., 2001) and the drugs were administered during the last four weeks of
the experimental diet, totaling 30 days of treatment with LPSF/GQ-02.

HFD — This group received an fat diet (HFD) consisting of 21% milk fat and 1.25%
cholesterol.

P1O — This group received HFD and was treated with 20 mg/kg/day of pioglitazone
for 30 days.

LPSF/GQ-02- This group received HFD and was treated with 30 mg/kg/day of
LPSF/GQ-02 for 30 days.

The fat diet was acquired commercially (PragSolucdes Biociéncias). The
animals had free access to water and were kept in a controlled light cycle of 12 hours
light/darkness. At the end of the treatment, the animals were anesthetized
(Ketamine/Xylazine) before blood collection by cardiac puncture (without
anticoagulant). The serum was separated and stored at -20°C for biochemical
analyses. The livers were dissected and fixed for posterior processing (morphological

analysis) and frozen at - 80°C for posterior western blotting analysis.

Histopathology

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

magnification of 400 x.
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Oil Red O Staining

In order to specifically detect lipids, samples of hepatic tissue were fixed in
paraformaldehyde at 4% for 2 hours and embedded in O.C.T (Tissue-Tek,
Zoeterwoude, Netherlands) in the presence of liquid nitrogen. Afterwards, frozen cuts
(8um thickness) were made on a cryostat and the samples were fixed with pure
formaldehyde solution for 15 minutes. Next, the slides were stained with hematoxylin
for 30 seconds to identify the nuclei of the cells. The cells were then washed in
distilled water and stained with Oil Red O for 15 minutes. Five images of the same
magnification were quantitatively analyzed using Gimp 2.6 software (GNU Image

Manipulation Program, UNIX platforms).

Immunohistochemical Assays

Five sections (5 um in thickness) of each group were cut and adhered to slides
treated with 3-amino-propyl-trietoxi-silane (APES [Sigma, USA]). The sections were
deparaffinized with xylene and rehydrated in graded ethanol (100 to 70%). To
increase epitope exposure, the sections were heated for 30 minutes in a sodium
citrate buffer (0.01 M, pH 6.0). To minimize endogenous peroxidase activity, the
slides were treated with 0.3% (v/v) H,O, in water for five minutes. The sections were
washed with 0.01M PBS (pH 7.2) and then blocked with 1% BSA, 0.2% Tween 20 in
PBS for 1 hours at room temperature. The sections were then incubated for 12 hours
at 4°C with antibodies against SREBP-1c (1:50 Santa Cruz Biotechnology, CA),
ATGL (1:50 Abcam, Cambridge, UK) and ACC (1:50 Cell signaling, Danvers, MA).
The antigen-antibody reaction was visualized with avidin-biotin peroxidase (Dako

Universal LSAB ® + Kit, Peroxidase), using 3.3-diaminobenzidine as the chromogen.
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The slides were counterstained in hematoxylin. Positive staining resulted in a brown
reaction product. Negative controls were treated as above, but with the omission of
the first antibody. Five pictures at the same magnification were quantitatively
analyzed using Gimp 2.6 software (GNU Image Manipulation Program, UNIX

platforms).

Cytosolic and Nuclear Protein Extraction

Cytosolic and nuclear proteins from the liver were isolated using Cayman’s
Nuclear Extraction kit (Item No. 10009277, Cayman chemical company, Ann Arbor,
Michigan, USA). The liver fragments were homogenized in a hypotonic buffer
supplemented with DTT and Nonidet P-40 per gram of tissue. The livers were
centrifuged and re-suspended by adding specified assay reagents, following the
manufacturer’s instructions. The cytosolic and nuclear fractions were stored in pre-
chilled vials at -80°C until further analysis. Liver cytosols were used to determine the
guantity of AMPK, p-AMPK, ACC, p-ACC, FAS, ATGL, FoxO1, SREBP-1c and B-
actin in immunoblotting, whereas nuclear fractions were used for SREBP-1c, FoxO1,

LXR and Lamin immunoblotting.

Measurement of Protein Levels

The total, cytosolic and nuclear extraction protein levels were determined
using the Bradford method, with bovine serum albumin as standard (Bradford, 1970).
The samples were read in a spectrophotometer at 660 nm. All samples were run in

duplicate and the mean of the two absorbance levels was used to determine the
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protein quantity. The protein concentration per sample amount was determined using
the equation from a calibration curve. The curve was generated using the same
method as the samples, with the substitution of bovine serum albumin at five

concentration levels.

Western Blot Analysis

The proteins (40 pg) were separated to 10% (p-AMPK, AMPK, ATGL, LXR,
SREBP-1c and FoxO1) and to 8% (ACC, p-ACC and FAS) sodium dodecyl sulfate—
polyacrylamide by gel electrophoresis under reduced conditions and were
electrophoretically transferred onto nitrocellulose membranes (Bio Rad, CA, USA,
Ref. 162-0115). After overnight blocking at 4°C with 5% non-fat milk in TBS-T (Tris-
buffered saline 0.1% plus 0.05% Tween 20, pH 7.4), the membranes were incubated
at room temperature for 3 hours with antibodies against the following: p-AMPK
(1:1000, Danvers, MA); AMPK (1:1000, Abcam Cambridge, UK); ATGL (1:1000,
Abcam Cambridge, UK); LXR (1:100, Santa Cruz Biotechnology, CA); SREBP-1c
(1:200, Santa Cruz Biotechnology, CA); FoxO1 (1:200, Santa Cruz Biotechnology,
CA); ACC (1:1000, Abcam Cambridge, UK); p-ACC (1:1000, Abcam Cambridge, UK);
and FAS (1:100, Santa Cruz Biotechnology, CA), diluted in TBS-T buffer solution
containing 3% non-fat milk. After washing (six times, 10 min each) in TBS-T, the
membranes were further reacted with horseradish peroxidase-conjugated anti-rabbit
antibody (1:3000, Sigma, USA) and anti-mouse antibody (1:8000, Sigma, USA)
diluted in TBS-T with 1% nonfat milk, for 1 hours 30 min at room temperature. An
enhanced chemiluminescence reagent (Super Signal, Pierce, Ref. 34080) was used

to visualize the labeled protein bands and the blots were developed on X-ray film
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(Fuji Medical, Kodak, Ref. Z358487-50EA). For quantification, the density of pixels of
each band was determined by Image J 1.38 software (available at
http://rsbweb.nih.gov/ij/download.html; developed by Wayne Rasband, NIH,
Bethesda, MD). The results were confirmed in three sets of experiments for each
protein investigated. Immunoblotting for B-actin was performed as a control for the
above protein blots. After protein blot visualization with enhanced
chemiluminescence, the protein antibodies were stripped from the membranes,
which were reprobed with monoclonal anti-B-actin antibody (1:2000, Sigma, USA),

and protein densitometry was performed.

Statistical Analysis

GraphPad Prism software (version 5) was used for statistical analysis. Data
was expressed as mean * standard deviation. Differences between the control and
treated groups were analyzed using analysis of variance (ANOVA), prior to the
performance of Tukey’s post hoc test or the Student's t-test. Probability values below

0.05 were considered significant.

RESULTS

LPSF/GQ-02 action in liver histopathology

Histopathological analysis revealed a structural disorganization of hepatocytes
in the HFD group, with the hexagonal shape being replaced with a ballooning form,
as well as the presence of steatosis and micro and macro vesicular and inflammatory

infiltrates (Figure 1A). The PIO group displayed even more severe cell structure
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disorganization with a significant presence of lipid inclusions and infiltrated
inflammatory foci (Figure 1B). Contrastingly, the structural organization of
hepatocytes was preserved in the group treated with LPSF/GQ-02, and there was a

reduced presence of vesicles in the liver fat and fewer inflammatory cells (Figure 1C).

LPSF/GQ-02 decreased hepatocyte lipids in the NAFDL model

Oil Red staining was used to quantify lipids in the liver tissue. The HFD group
showed many lipid inclusions distributed in the liver parenchyma (Figure 1D).
Treatment with pioglitazone, meanwhile, did not reduce the accumulation of hepatic
lipids in comparison with the HFD group (Figure 1D). Treatment with LPSF/GQ-02,
however, promoted a significant reduction in lipid droplets in the tissue (Figure 1F).
Quantitative analysis was performed using ANOVA and Tukey's post hoc tests

(Figure 1G).

Immunolocalization markers of lipogenic pathways (SREBP1/ACC/) and lipolysis

pathway (ATGL) acted on by LPSF/GQ-02

SREBP-1c is an important transcription factor that regulates the metabolism of
fatty acids and cholesterol in the liver (Nakatani, 2005). Immunohistochemical
analysis of tissue specimens from the HFD group and the PIO group showed
cytoplasmic labeling characteristic of SREBP-1c, mainly around the lipid inclusions
(Figure 2A-B). On the other hand, the group treated with LPSF/GQ-02 revealed a
significant decrease in SREBP-1c expression when compared to the HFD and PIO

groups (Figure 2C).



53

The ACC enzyme has an important role in the metabolism of fatty acid
synthesis in most living organisms (Tong et al., 2005). The PIO group revealed
intense staining around the lipid inclusions, in comparison to the HFD and LPSF
/GQ-02 groups. LPSF/GQ-02 did not reduce the immunoreactivity of ACC compared
to the HFD group, however, it was able to significantly reduce ACC expression when

compared to the PIO group (Figure 2E-G)

The ATGL is responsible for TG hydrolysis, turning them into free fatty acids
and glycerol (Chen et al., 2011). The LPSF/GQ-02 group revealed an increase in
ATGL immunostaining compared to the HFD and PIO groups (Figure 21-K), therefore

suggesting the possible lipolytic activity of this drug.

Quantitative analysis was performed using ANOVA and Tukey's post hoc tests

(Figures 2D, H, L).

LPSF/GQ-02 action on the lipogenic (LXR/SREBP-1c/ACC/FAS) and lipolysis

pathway (AMPK/FoxO1/ATGL).

The activation of the LXR receptor is associated with increased lipogenesis,
and with the accumulation of fat by lipid synthesis, whereas LXR induces increased
expression of the lipogenic genes, such as SREBP-1c, FAS and ACC (Han et al.,
2014). Treatment with LPSF/GQ-02 significantly decreased LXR expression in

comparison with the group that received Pioglitazone (Figure 3A, C).

For analysis of SREBP-1c expression nuclear (active) and cytosolic (inactive)
fractions were prepared. In the cytoplasmic fraction there was significantly greater

expression in the LPSF/GQ-02 group when compared to the HFD and PIO groups
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(Figure 3B, C), while there was a significant decrease of SREBP-1c expression in the
nuclear fraction in the LPSF/GQ-02 groups compared to the HFD and PIO groups

(Figure 3A, C).

The ACC enzyme is responsible for the synthesis of malonyl-CoA, which is the
substrate for the biosynthesis of fatty acids. For analysis of the expression of this
enzyme its active (ACC) and inactive (p-ACC) forms were used. ACC expression was
higher in the PIO group than in the HFD and LPSF/GQ-02 groups. On the other
hand, expression in the LPSF/GQ-02 group was significantly lower than in the PIO
group (Figure 3B, C). In turn, the LPSF/GQ-02 group revealed an increase in p -ACC

expression compared to the HFD group (Figure 3B, C).

Fatty acid synthase (FAS) is another enzyme involved in lipid synthesis in the
lipogenic pathway. The PIO group had a greater expression of FAS than the HFD
and LPSF/GQ-02 groups. The LPSF/GQ-02 group had FAS levels similar to the

control group (Figure 3B, C).

AMPK inactivates enzymes involved in lipogenesis, such as the acetyl-CoA
carboxylase and activators of the nuclear transcriber SREBP-1c, preventing the
development of hepatic steatosis (Seo et al., 2015). AMPK positively regulates
FoxO1 and ATGL, which play an important role in the activation of lipolysis. For
analysis of the expression of this enzyme its inactive (AMPK), and active form (p-
AMPK) were used. The present study found that treatment with PIO and LPSF/GQ-
02 induced increased expression of AMPK when compared to the HFD group (Figure
4A, B). Moreover, only the LPSF/GQ-02 group showed a significant increase in p-

AMPK expression when compared to the HFD group (Figure 4A, B).
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FoxO1 is a transcription factor that plays important roles in the regulation of
the genes responsible for lipid and glucose metabolism by insulin and AMPK
signaling. The phosphorylation and translocation of FoxO1 from the cytoplasm to the
nucleus is the primary regulatory mechanism of the action of insulin (Deng et al,
2012). For this analysis the nuclear and cytosolic forms of FoxO1 were assessed.
The LPSF/GQ-02 groups revealed a higher expression of the cytosolic FoxO1 protein
compared to the HFD groups and the Pioglitazone group (Figure 4A, B).
Furthermore, mices treated with pioglitazone and LPSF/GQ-02 displayed a higher

nuclear expression of FoxO1 than the HFD group (Figure 4A, B).

Adipose triglyceride lipase is an enzyme that catalyzes the rate-limiting
hydrolysis step of triglycerides in the triacylglycerol lipolysis cascade. Treatment with
LPSF/GQ-02 induced a higher expression of ATGL than the HFD and pioglitazone
groups. Therefore, the new thiazolidine derivative LPSF/GQ-02 displayed possible
lipase activity in  hepatocytes, confirmed by histopathological and

immunohistochemical analysis (Figure 4A, B).

DISCUSSION

Thiazolidinediones (TZDs) are a class of oral anti-diabetic medication that
improves insulin resistance by acting as a selective agonist of the peroxisome
proliferator activated receptor (PPARs) (Girard, 2001; Yki-jarvinen, 2004). In the
present study, the effects of the thiazolidine derivative LPSF/GQ-02 on hepatic lipid
metabolism among LDLr -/- mice was assessed and compared with the effects of
pioglitazone, a sensitizer of insulin action that has been used to treat patients with

type 2 diabetes and other insulin resistant conditions, including NAFLD.



56

NAFLD is the most common manifestation of chronic liver disease and is
closely linked to the diabetes mellitus type 2, obesity and insulin resistance (Ferré
and Foufelle, 2010). The main characteristic of NAFLD is the accumulation of
triglycerides (TG) in the liver due to the influx of FFA from the adipose tissue, new
lipogenesis and ingested through the diet (Seo et al., 2015). From our group showed
that mice with an HFD diet displayed an increase in serum cholesterol, LDL and TG.
Treatment with LPSF/GQ-02 for 30 days, while not altering serum levels of
cholesterol, LDL and TG, did increase the serum level of HDL, a fraction considered
important as it is responsible for the reverse transport of cholesterol (Soares and

Silva et al., 2015).

Histopathological examination has described the accumulation of TG as
hepatic steatosis, in the form of macro and/or micro bubbles in the majority of
hepatocytes (Kanuri and Bergheim, 2013). In the present study, Oil red O staining
was used to confirm the presence and distribution of lipids in the liver. Mice with a
high-calorie diet had only macro and microvesicular hepatocyte steatosis. Moreover,
after administration of LPSF/GQ-02 there was a significant reduction in hepatic lipid
content, indicating that LPSF/GQ-02 was effective in decreasing hepatic steatosis. It
is well known that PPARa can modulate physiopathological mechanisms implicated
in NAFLD and atherosclerosis (Larter et al., 2012). Huang et al (2013) showed that
PPARa directly regulates the genes necessary for the oxidation of fatty acids and the
enzymes that act in ketogenesis, thereby promoting the use of fat as an energy
source. The reduction of lipid content after treatment with LPSF/GQ-02 could be
explained by a possible PPARa agonist action. Yet although this Thiazolidine
derivative did not affect the expression of PPARa in a mice model of NAFLD by

western blot analysis (Soares e Silva et al.,, 2015), further studies on gene
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expression are necessary to confirm this data. In contrast, the group that received
pioglitazone, a drug considered an agonist of PPARYy, did not present a reduction in
hepatic lipid content, but exhibited a large accumulation of lipids, similar to the HFD
group. The accumulation of lipids is strongly associated with heightened levels of
PPARy (Varas-Lorenzo et al., 2014). Therefore, pioglitazone may promote the
accumulation of fat through the activation of genes of the lipogenic pathway by
PPARYy, contributing to the development of steatosis (Huang et al, 2013). The data of
the present study in relation to the action of LPSF/GQ-02 on lipidic content in a
murine model of NAFLD confirmed the results observed by Soares and Silva et al

(2015).

AMP-activated kinase (AMPK) is an energetic sensor of increased levels of
AMP and ADP originating from ATP depletion, and is a crucial requirement of cellular
homeostasis. The activation of AMPK has a wide variety of metabolic effects,
including glucose uptake by the skeletal muscles and increased fatty acid oxidation,
and may play an important role not only in the prevention of diabetes mellitus type 2

but also in the context of the metabolic syndrome.

According to Chen et al (2012), fenofibrate, a possible PPAR-a agonist,
increases the phosphorylation of AMPK with a subsequent increase in B-oxidation of
fatty acids. On the other hand, the GW9662, an inhibitor of PPARa, inhibited the
oxidation of fatty acids through AMPK regulation. Treatment with LPSF/GQ-02
promoted increased expression of p-AMPK, suggesting possible regulation via

PPARa. In contrast, such effects were not observed in treatment with Pioglitazone.

FoxO1 is a transcription factor with an important action for the metabolic

pathways, as it regulates the expression of genes involved in glycogenolysis,
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gluconeogenesis and in lipid metabolism. Its regulation occurs through deacetylation
allowing its translocation to the nucleus, and thus inducing the transcription of
enzymes involved in lipolysis. AMPK signaling is intimately involved in the regulation
of FoxO1 by decreasing its acetylation and increasing transcriptional activity (Wang
et al., 2011; Yang et al., 2014). In the present study it was observed that the action of
LPSF/GQ-02 increased the expression of cytosolic and nuclear forms of FoxO1.
These results confirm the data obtained by Chen et al (2012), who demonstrated that
Fenofibrate stimulated lipolysis through the AMPK/FoxO1l pathway. Similarly,

LPSF/GQ-02 may exert an inhibitory effect on hepatic steatosis.

The ATGL enzyme transforms TG into free fatty acids and glycerol. Yang et al
(2014) showed that the lipid-lowering action of Alpha-lipoic acid was mediated via the
SIRT1/LKB1/AMPK pathway activating the FoxO1l/ATGL signaling pathway. The
activation of AMPK results in the enhancement the expression of ATGL through
FoxO1, causing a decrease in intracellular triglycerides and ATP generation (Chen et
al., 2011). Similarly, LPSF/GQ-02 significantly increased the expression of ATGL in
liver tissue, indicating a possible lipid-lowering action through the AMPK/ATGL

pathway.

LXRs are important regulators of cholesterol and lipid metabolism (Huang et
al., 2013). In the liver function, LXRs stimulate new lipogenesis, positively inducing
SREBP-1c, which is a transcription factor responsible for activating genes of the
lipogenic enzymes ACC, FAS and SCD1 (Berlanga et al, 2014). Previous studies
have shown an inverse correlation between the activity of AMPK and LXR/SREBP-1c
in hepatocytes, leading to the suppression of the genes of the lipogenic pathway

(Quan et al., 2013, YANG et al., 2009). Similarly, Kim et al (2009) observed that
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animals with a hypercaloric diet, when treated with the bioactive compound
Sauchinone, displayed reduced lipogenesis due to the inhibition of phosphorylation of
LXR by AMPK. Treatment with LPSF/GQ-02 promoted the increase of
phosphorylated AMPK well as reducing expression of LXRa and nuclear levels of
SREBP-1c, confirming that LPSF/GQ-02 acts on the AMPK/LXR/ SREBP-1c

pathway.

Besides the inhibition of transcription of the lipogenic pathway genes, AMPK
phosphorylates and inactivates the ACC enzyme, resulting in decreased production
of malonyl-CoA and increased carnitine palmitoyltransferase activity, stimulating the
B-oxidation of the fatty acids (Zhang et al., 2015). Similar results were obtained by
the group treated with LPSF/GQ-02, which had higher levels of phosphorylated ACC.
Pioglitazone, however, increased the levels of both the ACC and FAS enzymes,

confirming its lipogenic action.

Chen et al (2012) demonstrated that the lipid-lowering effects of fenofibrate, a
potential agonist of PPAR-a, were due to the activation of PPAR-
a/AMPK/FoxO1/ATGL signaling, resulting in an increase of lipolysis and -oxidation
of fatty acids. Similarly, the new thiazolidine derivative LPSF-GQO02, reduced the
hepatic lipid content, possibly through the activation of the PPAR-a
IAMPK/FoxO1/ATGL lipolytic pathway, and inhibition of the AMPK/LXR/SREBP-
1C/ACC/FAS lipogenic pathway. However further studies are needed to further clarify

the beneficial action of LPSF/GQ-02 in reducing hepatic steatosis.
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FIGURE LEGENDS

Figure 1: Histopathological analysis of the effect of Pioglitazone and LPSF/GQ-02 on liver

tissue in LDLR-/- mice. Representative images of HE (A-C) and Qil red (D-F). (A) HFD Group
displaying macro and micro lipid vesicles and inflammatory infiltration (arrow). (B) Pioglitazone group
had higher steatosis and inflammatory cell infiltration (arrow). (C) LPSF/GQ-02 group showed a more
organized hepatic architecture and a reduction of lipid inclusions in hepatocytes. (D) HFD Group. (E)
Pioglitazone group had a very similar lipid content in hepatocytes to the HFD group. (F) LPSF /GQ-02
group showed a decrease of lipid inclusions. Bars 20 um. (G) Graph of Oil Red quantification (N=5).

Letters represent significant differences in the graph (a) HFD, (b) PIO, (c) LPSF/GQ-02, p <0.05.

Figure 2: Immunohistochemistry Analysis for Sterol regulatory element-binding protein 1c

(SREBP-1c), Acetyl-CoA carboxylase (ACC) and Adipos e triglyceride lipase (ATGL) in LDLR-/-

mice treated with Pioglitazone and LPSF/GQ-02. The LPSF/GQ-02 group (C) reduced the
immunostaining of SREBP-1c when compared to the HFD (A) and PIO (B) groups. Pioglitazone was
not effective in reducing ACC enzyme marking when compared to the HFD (E) and LPSF/GQ-02 (L)
groups. The LPSF /GQ-02 (K) group exhibited an increase in ATGL immunoreactivity compared to the
HFD (1) and PIO (J) groups. Bars 20 um. (D, H, L) Graph quantifying SREBP-1c, ACC and ATGL
(N=10). Letters represent significant differences in the graph: (a) HFD, (b) PIO, (c) LPSF/GQ-02, p

<0.05.

Figure 3: Western blotting analysis for expression of LXR, SREBP-1c, ACC, p-ACC and FAS in

LDLR-/- mice treated with Pioglitazone and LPSF/GQ- 02. Treatment with LPSF/GQ-02 decreased
LXR expression compared with treatment with Pioglitazone (A, C). The expression of SREBP-1c
cytosolic was increased when compared to the HFD and PIO (B, C) groups, while LPSF/QF-02
decreased the expression of nuclear SREBP-1c compared with the HFD and PIO groups (A, C).
Treatment with Pioglitazone increases expression of the ACC enzyme when compared to the HFD
and LPSF/GQ-02. On the other hand LPSF/GQ-02 was able to decrease the expression of ACC
compared to the PIO group (B, C). The group treated with LPSF/GQ-02 showed an increase in the
expression of the p-ACC enzyme compared to the HFD group (B, C). Expression of the FAS enzyme
increased in the group treated with Pioglitazone compared to the HFD and LPSF/GQ-02 groups (B,

C). Data was analyzed using ANOVA and Tukey's post hoc tests. The columns represent the mean +
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SD of the protein investigated. The results were confirmed in three different experiments (n = 5).

Letters represent significant differences in the graph (a) HFD, (b) PIO, (c) LPSF/GQ-02, p<0.05.

Figure 4. Western blotting analysis for the expression of AMP K, p-AMPK, and FoxO1 and ATGL

in LDLR-/- mice treated with Pioglitazone and LPSF/ GQ-02. The groups treated with Pioglitazone
and LPSF/GQ-02, respectively, had higher expressions of AMPK than the HFD group (A, B). However,
only LPSF/GQ-02 was able to show a significant increase in p-AMPK compared to the HFD group (A,
B). The group treated with LPSF/GQ-02 had an increased expression in the cytosol and nuclear forms
of FOXO1a. By contrast, the group treated with Pioglitazone displayed an increase in the nuclear
expression of FoxO1 only (A, B). The group LPSF/GQ-02 had a higher expression of ATGL than the
HFD and Pioglitazone groups. The data was analyzed using ANOVA and Tukey's post hoc tests. The
columns represent the mean £S.D. of the investigated protein. The results were confirmed in three
different experiments (n = 5). Letters represent significant differences in the graph: (a) HFD, (b) PIO,

(c) LPSF/GQ-02, p<0.05.
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6 CONCLUSAO

O tratamento com a molécula LPSF/GQ-02 foi eficaz em reduzir a esteatose
hepética através da inibicdo da via lipogénica LXR/SRBP-1c/ACC/FAS, bem como
através da ativacdo da lipolitca AMPK/FoxO1/ATGL, indicando uma maior [-
oxidacdo de acidos graxos e uma maior geracdo de ATP. Portanto, o presente
estudo sugere uma possivel acao hipolipemiante da LPSF/GQ-02, podendo esta ser

considerada uma molécula promissora para o tratamento NAFLD.
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ANEXO 01: Parecer do comité de Etica

MINISTERIO DA SAUDE / FUNDAGAO OSWALDO CRUZ
VICE-PRESIDENCIA DE PESQUISA E DESENVOLVIMENTO TECNOLOGICO
Comissio de Etica no Uso de Animais
CEUA-FIOCRUZ

CERTIFICADO

C ertificamos que o protocolo intitulado :
" Estudo comparativo de tratamentos com glitazonas sobre o processo
aterosclerético em camundongos C57BL/6J. "

namero P-510/08, proposto por Christina Alves Peixoto, foi licenciado pelo
N° L-010/09.

Sua licenga de N° L-010/09 autoriza o uso anual de :

-120 Mué musculus "

Esse protocolo esta de acordo com os Principios Eticos na Experimentacdo

Animal adotado pelo Colégio Brasileiro de Experimentagdo Animal ( COBEA)
e foi APROVADO pela COMISSAO DE ETICA NO USO DE ANIMAIS ( CEUA -
FIOCRUZ). Na presente formatagdo, este projeto esta licenciado e tem
validade até 21 de janeiro de 2013,

Rio de Janeiro, 21/01/2009

Dra. Norma Vollmer Laéhe

Coordenadora da CEUA
FIOCRUZ
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preprint, see http:/www.elsevier.com,/sharingpolicy), that it is not under consideration for publication
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Changes to Autharship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
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Before the accepted manuscript is published in an online issue: Reguests to add or remowve an author,
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Article transfer service
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Copyright
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more |nformation on this and copyright, see http://www.elsevier.com/fcopyright). An e-mail will be
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Publishing Agreement' form or a link to the online version of this agreement.
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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). 1If excerpts from other copyrighted works are
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For open access articles: Upon acceptance of an article, authors will be asked to complete an "Exclusive
License Agreement’ (for more information see httpl//www.elseviercom/Oaauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see http:/fwww.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:/fwww.elsevier.com/copyright.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
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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
ar 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,

Regardiess 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 Commuons 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.

Language (usage and editing services)

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 whao feel
their English language manuscript may reguire 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.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and reguests 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=rail; tox@elsevier.com; telephone: +1 {619) 699-56275; or fax: +1 (619) 699-6211.

Experimental procedures

All animal experiments should be carried out in accordance with the WK, Animals (Scientific
Procedures) Act, 1986 and associated guidelines, the European Communities Council Directive of
24 Movember 1986 (86/609/EEC) or the National Institutes of Health guide for the care and
use of Laboratory animals (NIH Publications Mo. 8023, revised 1978) and the authors should

AUTHOR INFORMATION PACK 7 Jun 2015 www.elsevier.com/locate/taap 8

78



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
htkp:/fwwwi.nc3rs. org.uk/page.asprid=1357,

PREPARATION

NEW SUBMISSIONS

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 POF 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 POF 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 guality
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 farger than 10 MB must be uploaded
separately.

References

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 tittesarticle 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.

Formatting requirements

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.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the criginal 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 téxt 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.

Article structure

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 cbtained, 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 wark, and delineate the objective of the investigation,

Methods. Mew 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
e described: if an accepted code of practice has been foillowed, 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 tabies 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, (¢) how the data were analyzed, (d) a measure of variability, and (&) the significance
of the resuit.

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: enly relevant modifications shouid 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.

Resulls
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 recapitutation of the results must be avolded. Unsupported hypotheses and
speculation should also be omitted.

Appendices

If there is mare than one appendix, they should be identified as A, B, etc. Formulae and eguations in
appendices should be given separate numbering: Eq. (A.1), Eg. [A.2), etc.; In & subseguent appendix,
Eq. {(B.1) and so on. Similarly for tables and figures: Tabfe A.1; Fig. A.1, etc.
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Essential title page information

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

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

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

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,
Abstract

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

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.

Graphical abstract

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 8 minimum
of 531 » 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 hitp:/fwww.elseviercom/fgraphicalabstracts for examples.,

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

Highlights

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,

Keywords

Immediately after the abstract, provide a maximum of & keywords, using American spelliing and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

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.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article befare the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals wha provided help during the research (e.g., 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. Monlinear adjustments {e.q. changes to gamma settings) must be disciosed
in the figure legend.

Electronic artwork

General points

+ Make sure you use uniform lettering and sizing of your ariginal artworl.

» Preferred fonts: Arial (or Helvetica), Times Mew 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 Ward 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:

nttp fwww elsevier.comyartworkinstructions.

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

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

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

TIFF (or IPG); Color or grayscale photographs (halftones): always use 2 minimum of 300 dpi.

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

TIFF {or JPG): Combinations bitmapped line/half-tone {cofor 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.
+ Supply files that are too low in resclution.

» Submit graphics that are disproportionately large for the content.

Cofor artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
M5 Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will eansure, at no additional charge, that these figures will appear
in color online (e.g., Sciencelirect and other sites) regardiess 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 onling only, For further information on the pregaration
of electronic artwork, please see http://www.elsevier.comy/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to "gray
scale’ (for the printed version should yvou mot opt for cofor in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that sach illustration has a caption. A caption should comprise a brief title {not on the figure
itself) and a description of the [llustration, Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on seéparate 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
spating in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules,

References

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 preseént in the reference list (and vice

versa), Any references cited in the abstract must be given in full. Unpublished results and personal
cormmunications 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 itermn has been accepted
for publication and & 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 vear and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DO 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 (DQI, author names, dates, reference to a scurce publication, ete.),
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.

Referance management software

Most  Elsevier jJournals 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 EndiMote  (hitp://www.endnote,com/support/enstyies.asp) and Reference Manager
(http:/frefman. comifsupport/rmstyles.asp). Using plug-ins to word processing packages which are
avallable from the abowe 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 fermatted according
to the journal style as described in this Guide, The process of including templates in these packages
is constantly ongeoing. 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, yvou can easily install the reference style far
this journal by clicking the link below:
http://open.mendeiey.comjfuse-citation-styleftoxicology-and-applied-pharmacoiogy

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 Styie Language, visit
nttps/citationstyles.org.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or farmat as long as the style is consistent. Where applicable, author{s) name(s), journal title/book
title, chapter titlefarticle 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
alphabeticaily, then chronologically.

Examples: ‘as demonstrated (Allan, 2000a, 20000, 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 chrongloglcally if
necessary. More than one reference from the same author{s) in the same year must be identified by
the letters 'a’, 'p', 'c’, etc., placed after the vear of publication.

Examples:

Reference to-a journal publication:

Van der Geer, 1., Hanraads, 1A, Lupton, R.A., 2010. The art of writing a scientific article. ), Sci.
Commun. 163, 51-59.

Reference to a boolk:

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

Reference to a8 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 i/ fwwivissn. arg/services/ onling-services/accass-to-tha-ltwa/,

Video data

Elsavier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have videg 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 shouid 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 anline In the electronic version
of wour 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 videos data, For more detailed instructions please wvisit our video instruction pages at
httpffwwwelsevier.com/artwerkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text far both the electronic and the print version
for the portions of the article that refer to this content.

Audioslides

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

Supplementary material

Elsevier accepts electronic supplementary material to support and enhance yvour 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: Rttp:/fwww.sciencedirect.com. In order to ensuré 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, authiors may convert any or gil parts of their supplemeantary data into one or multipleé
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 upen publication, You can submiit
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 2ach other (see published examples). The open access fees will be waived if
your articlé is submitted by December 31, 2014,
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Please use the following template to write your Data in Brief,”

Database linking

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer
to relevant database identifiers using the following format in your article: Database; xxxx (e.g., TAIR;
ATIGDI0Z20; CCDC: 734053; PDB: 1XFN}. See http://www.elsevier.com/databaselinking for mare
information and a full list of supported databases.

Submission checklist

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

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

» Full postal address

All necessary files have been uploaded, and contain:

v 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 cbtained for use of copyrighted material from other sources {including the
Internet) )

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

+ [ndicate 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.comm,

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unigue alpha-numeric charactar string which is assigned to a document by the publisher
upon the jnitial electronic publication. The assigned DOI never changes. Therefare, 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 fermat; here an article in the
journal Phisics Letters B):

http://dx.doi.org/10.1016/j. physieth. 2010.09 059

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

Proofs

One set of page proofs (as PDF fites) will be sent by e-mail to the corresponding author (if we do
not have an e-mall 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/freader. Instructions on how to annotate POF files
will accompany the proofs {also given onling). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html,

If you do not wish te 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 ather
comments (including replies to the Query Farm) an a printout of vour proof and return by fax, or scan
the pages and e-mail, or by post. Flease 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 articie published guickly 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 subsegquent corrections cannot be guaranteed. Proofreading is solely
your responsibility,

Offprints

The corresponding author, at no cost, will be provided with a persenalized link providing 50
days free access to the final published wversion 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 cnce 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:/fwww.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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