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artigo cientifico com os experimentos realizados, resultados e discusséo, além da

concluséo sintetizando os achados do mesmo.



RESUMO

O consumo abusivo de alcool é umas das principais causas das doencas
hepaticas, como a esteatose hepatica alcdolica (EHA), a qual pode evoluir
clinicamente para cirrose e hepatocarcinoma. O comprometimento hepatico ocorre
porque o alcool é metabolizado no figado, preferencialmente pela enzima alcool
desidrogenase, ou pela citocromo P450 2E1, com formacdo de acetaldeido, um
produto menos toxico. O metabolismo do etanol altera vias bioquimicas hepéaticas,
0 que leva a uma alteracdo nos lipideos hepaticos, carboidratos, proteinas, lactato
e acido arico. Concomitantemente, o metabolismo do etanol favorece o acimulo de
espécies reativas de oxigénio, que contribuem, por sua vez, para 0 aumento de
espécies pré-oxidantes, que tém grande potencial lesivo para 0s hepatdcitos,
favorecendo, assim, a instalacdo de doencas hepaticas como a EHA. Esta doenca,
fisiopatologicamente, é a primeira mudanca morfolégica no figado e caracteriza-se
pelo acumulo intracelular de lipidios e aumento do volume do 6rgao. Considerando
que ainda nado ha tratamentos farmacolégicos eficientes para esta doenca, modelos
de estudo sdo necessarios para que a patogenia e a terapéutica da EHA sejam
melhores estudadas. Este trabalho objetivou estabelecer um modelo de estudo de
EHA de baixo custo, através da associacdo de etanol com sementes de girassol
(Helianthus annuus) na dieta de ratos. Material e métodos: Ratos machos (Wistar)
(Rattus norvegicus) foram separados em gaiolas individuais com agua e racédo ad
libitum. Os animais receberam agua ou etanol 10%, e como dieta solida receberam:
racao regular; dieta rica em lipideos (DRL), representada unicamente por sementes
de girassol; ou estes dois alimentos combinados. Durante 30 dias de dieta, o
consumo de liquido, de alimento e o peso corporal foram monitorizados. Ao final
deste periodo, os animais foram anestesiados e amostras de figado e sangue
foram colhidas para analise histologica hepatica, estresse oxidativo hepatico,
atividade enzimatica mitocondrial e para bioquimica plasmética. Resultados: A
associacdo de etanol 10% e DRL induziu ao acumulo de lipideos hepaticos
(macroesteatose e microesteatose), tumefacdo de hepatocitos, reducdo do nivel de
glutationa e a atividade glutationa-S-transferase, e ao aumento da taxa de
peroxidacdo lipidica e da atividade da enzima superéxido dismutase. Ainda, a
oxidacdo mitocondrial do NADH e do succinato foi parcialmente inibida.
Conclusbes: A combinagéo de etanol 10% e sementes de girassol na dieta de
ratos produziu um modelo de estudo de EHA interessante e de baixo custo,
culminando com a instalacdo desta doenca com sucesso apds quatro semanas da
dieta. A funcdo hepatica foi alterada, sendo detectada através de analises
morfoldgicas, nos biomarcadores de estresse oxidativo e no transporte de elétrons
mitocondriais (complexos | e I1).

Palavras Chave: etanol, dieta hiperlipidica, semente de girassol, esteatose
hepética alcodlica, estresse oxidativo, mitocdndria, cadeia respiratoria, figado.



ABSTRACT

The alcohol abuse is one of the main causes of liver disease, such as alcoholic
hepatic steatosis (AHS), which can clinically progress to cirrhosis and hepatocellular
carcinoma. The liver impairment occurs because the alcohol is metabolized in the
liver, preferably by the enzyme alcohol dehydrogenase or by the cytochrome P450
2E1, with formation of acetaldehyde, a less toxic product. The metabolism of
ethanol alters hepatic biochemical pathways, which leads to an alteration in hepatic
lipids, carbohydrates, proteins, lactate and uric acid. Concomitantly, the metabolism
of ethanol favors the accumulation of reactive oxygen species, which contribute for
increased pro-oxidant species. These reactive molecules have great harmful
potential for the hepatocytes, thus favoring the installation of liver diseases. This
disease, is the first morphological change in liver and is characterized by the
accumulation of intracellular lipids and enlargement of the organ. Whereas there are
no effective pharmacological treatments for this disease, study models are required
for the establishment of the pathogenesis and the treatment of AHS. This study
aimed to establish and characterize an inexpensive animal model of AHS, through
the association of ethanol with sunflower seeds (Helianthus annuus) in the diet of
rats. Material and methods: Male Wistar rats (Rattus norvegicus) were kept in a
single cage with food and liquid ad libitum The rats were fed to water or 10%
ethanol and regular chow diet and/or high fat diet (HFD), represented by sunflower
seeds. Throughout thirty days on diets, the food consumption, liquid intake and the
body weight were monitored. After this period, the animals were anesthetized and
blood and liver samples were collected for evaluation of liver histology, hepatic
oxidative stress, hepatic mitochondria enzymes activity, and plasma biochemistry.
Results: The association of 10% ethanol and HFD induced hepatic lipid
accumulation (macrostetosis and microsteatosis), hepatocytes tumefaction,
decreased levels of glutathione and reduction of glutathione-S-transferase, and
increased the level of lipoperoxidation and the activity of superoxide dismutase.
Also, the mitochondrial oxidation of NADH and succinate were partially inhibited.
Conclusions: The combination of 10% ethanol with sunflower seeds as the diet for
rats produced an interesting and cheap model to study AHS. The installation of liver
steatosis was successfully obtained after 4 weeks of diet. The liver function was
modified and the alterations were found in the morphological analysis, oxidative
stress biomarkers and in the mitochondrial electron transport (complexes | and I1).

Key Words: ethanol, high-fat diet, sunflower seed, alcoholic hepatic steatosis,
oxidative stress, mitochondria, respiratory chain, liver.
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1. INTRODUCAO

1.1 Consumo de Alcool e Epidemiologia Brasileira

O abuso no consumo de alcool e a sua dependéncia afetam milhdes de
brasileiros e representam um dos maiores problemas de saude publica, tanto no
Brasil como no resto do mundo (CARLINI et al. 2007). As consequéncias diretas e
indiretas do consumo de alcool, como acidentes, violéncia e perda de produtividade,
geram grandes prejuizos econémicos (WHO, 2002). O alcool € a substancia
psicoativa de maior uso no Brasil, devido a varios fatores, principalmente ao fato de
ser uma droga licita, socialmente aceita, ser de facil acesso e baixo pre¢co. Em nosso
pais sdo observados mais dependentes de alcool no sexo masculino, via de regra
em idade produtiva, de 12 a 65 anos (CARLINI et al. 2007).

De acordo com a Organizacdo Mundial de Saude (WHO, 2001), cerca de
10% das populacdes dos centros urbanos de todo o mundo consomem
abusivamente substancias psicoativas, independentemente da idade, sexo, nivel de
instrucdo e poder aquisitivo. Dados fornecidos por estudos realizados pela
Universidade de Harvard indicam que, das dez doengas mais incapacitantes em
todo o mundo, cinco séo de origem psiquiatrica, sendo uma delas o alcoolismo, além
de depresséo, transtorno afetivo bipolar, esquizofrenia e transtorno obsessivo-
compulsivo (MURRAY & LOPEZ, 1996; BRASIL, 2003).

Uma ampla pesquisa foi realizada pelo Instituto Brasileiro de Geografia e
Estatistica (IBGE, acesso em 16/08/11), intitulada Pesquisa Nacional da Saude do
Escolar (Pense), apresentando informagdes sobre as condi¢fes de vida de 618.555
mil estudantes de escolas particulares e publicas, que cursam o 9° ano do ensino
fundamental, nas capitais e no Distrito Federal, e que correspondem a faixa etaria de
13 a 15 anos. O estudo demonstrou que o consumo de bebida alcodlica é mais
disseminado do que o do fumo, sendo que 71,4% destes alunos ja haviam
experimentado alcool alguma vez e que 27,3% disseram ter consumido no més
anterior a pesquisa. Quase 20% dos alunos que experimentaram a droga

declararam ter obtido a bebida em supermercados ou bares e 12,6% em suas
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proprias casas. Dentre esta populacdo estudada, foi identificado que 22,1% dos

escolares ja haviam se embriagado.

O consumo abusivo de alcool é enquadrado como um problema de saude
publica, pois o alcoolismo desencadeia diversas complicacdes clinicas provenientes
de seu uso constante e cada vez mais precoce. Pode levar a complicagdes
psiquiatricas, como quadros psicéticos, depressdo, sindrome de abstinéncia,
sindromes demencias, disturbios de ansiedade e a Sindrome Fetal Alcodlica,
quando consumido por gestantes (SILVEIRA & MOREIRA, 2006). Ainda, o etanol
induz efeitos deletérios sobre o sistema cardiovascular, hematoldgico, reprodutor e
sobre o trato gastrintestinal, no qual o figado € o 6rgdo que sofre as maiores

agressoes.

1.2 Esteatose Hepatica Relacionada a Exposicao ao Etanol

O aumento no conteudo intrahepatico de triglicerideos (TG), a esteatose
hepatica, tem sido definida como um aumento maior do que 5% do volume ou peso
do figado, ou histologicamente, quando 5% ou mais dos hepatdcitos contém TG
intracelulares (HOYUMPA et al. 1975). O excessivo acumulo destes lipideos esta,
normalmente, associado com alteragées no metabolismo de glicose, acidos graxos
livres (FA) e de lipoproteinas, ou com algum processo inflamatorio. A esteatose
hepatica pode ter diversas etiologias, sendo uma das mais comuns a decorrente do
uso abusivo de alcool (HENZEL et al. 2004), denominada Esteatose Hepatica
Alcodlica (EHA). Quando a esteatose ndo esta relacionada ao consumo de alcool,
mas a infecc¢des virais, alteracdes congénitas ou doencas autoimunes, é definida
como esteatose hepatica ndo-alcoolica (NAFLD - non-alcoholic fatty liver disease). A
esteatose hepatica alcodlica tem alta prevaléncia entre a populacdo adulta devido a
elevada taxa de pessoas que apresentam uso abusivo do alcool, representadas em
nosso pais por mais de 25 milhdes de brasileiros (CARLINI et al. 2007).

O risco, a gravidade e o prognostico das doencas hepaticas provocadas pelo
consumo abusivo do alcool sdo geralmente dependentes da quantidade consumida,
frequéncia com que a droga é utlizada e duracdo do consumo de alcool,

desencadeando um continuo processo inflamatério no figado. Evidéncias sugerem
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gue o0 consumo excessivo de etanol, cerca de 40-80 g/dia para homens e 20-40
g/dia para mulheres, deve levar a EHA (GYAMFI & WAN, 2010). Esta doenca é a
primeira mudanca morfolégica no figado, seguida pela fibrose hepatica e cirrose. A
EHA é considerada clinicamente benigna, uma vez que pode ser revertida se o
acumulo de lipideos for removido (MENDEZ et al. 2010) por eliminacdo da causa
priméria. No entanto, até o momento ndo ha farmacos de uso clinico eficientes para

eliminar este acumulo de lipideos em hepatocitos.

Existe uma clara correlacdo existente entre os efeitos cumulativos do alcool
e doencas hepéticas. Alguns bebedores pesados de alcool, mas nem todos,
desenvolvem sinais de injarias hepéaticas. Isto acontece devido a suscetibilidades
destes individuos para o efeito toxico do alcool em seus organismos, que pode
envolver interacbes complexas entre genes e o ambiente (KONISHI et al. 2003;
CRABB et al. 2004; KONISHI et al. 2004; ZAKHARI et al. 2007). Outros fatores que
afetam a suscetibilidade a esteatose alcodlica e n&o-alcodlica incluem etnia,
nutricdo, obesidade, infeccdo com virus da hepatite C e polimorfismo genético do
citocromo P450 2E1 (CYP2E1), glutationa S-transferase (GST) e o fator de necrose
tumoral a (TNF-a) (MANDAYAM et al. 2004; CRABB et al. 2004; LADERO et al.
2005; WILFRED DE ALWIS et al. 2007; GYAMFI & WAN, 2010).

O etanol produz um amplo espectro de lesdes celulares, levando a
interferéncia no metabolismo de lipideos. A homeostase dos lipideos hepaticos é
mantida pelo balanco na sintese de lipideos, catabolismo (3-oxidacdo) e sua
secrecdo, porém o metabolismo do &lcool muda o estado redox do figado, que leva
a alteracdo da homeostase nos lipideos hepéticos, carboidratos, proteinas, lactato e
também do acido urico (GYAMFI & WAN, 2010). Os mecanismos moleculares do
acumulo de lipideos no figado de consumidores de alcool sdo também multiplos e
complexos. Este acumulo parece resultar da inibicdo de dois processos, o ciclo dos
acidos tricarboxilicos e a oxidagdo de lipideos, em parte devidos a geracao
excessiva de NADH, produzido pela acéo da enzima alcool desidrogenase (HOBBS
et al. 1996; PESSAYRE & FROMENTY, 2005). Os niveis aumentados de NADH no
figado estimulam a sintese de &cidos graxos e sua incorporacéo aos triglicerideos
(SANAL, 2008). Acredita-se que ocorra aumento da lipogénese e redugcdo da

oxidacdo dos acidos graxos por inibicdo de reguladores transcricionais hepaticos tais
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como a AMPK (AMP-activated kinase), PPARy (Peroxisome proliferator-activated
receptors g, PPARa (Peroxisome proliferator-activated receptors a) e SREBP-1
(Sterol regulatory element binding proteins). PPAR e SREBP1 sao receptores
nucleares que respectivamente controlam as enzimas responsaveis pela oxidacao e
sintese de acidos graxos, o0 que contribui para a sobrecarga lipidica em figados
alcodlicos (YOU et al. 2002). Uma producdo alterada de adiponectinas no tecido
adiposo com alteracdo de seus receptores (AdipoRs) tem sido também sugerida
(ROGERS et al. 2008).

1.3 Estresse Oxidativo Diante do Etanol

O élcool é essencialmente metabolizado no figado, e sua principal via de
biotransformagdo € representada pela metaloenzima (Zn) alcool desidrogenase
(ALD) (COMPORTI et al. 2010). A oxidacédo do etanol ocorre também pela enzima
CYP2E1, sendo que ambas catalisam a oxidacdo do substrato (etanol) para a
producdo de acetaldeido (LIEBER et al. 2004; CURRY-McCOY et al. 2010). Ainda
h& a via da catalase, na presenca de perdxido de hidrogénio (H.O,) e de radicais
livres, que permitem a oxidacao do etanol pela presencga do radical hidroxila (OH"). O
acetaldeido € entdo oxidado a acetato pela aldeido desidrogenase (ALDH), e
grandes quantidades de acetato sao liberadas na circulacéo sistémica e oxidadas a
CO, e H,O em tecidos extra-hepaticos (BERR et al. 2001; HENZEL 2004). O
consumo crénico de etanol aumenta a producdo de anions superoéxidos (O") e éxido
nitrico (NO®), induzido pela 6xido nitrico sintase (CURRY-McCOY et al. 2010).
Portanto, o metabolismo do alcool no figado é estritamente relacionado a enzimas
envolvidas no estresse oxidativo e geracdo de EROS, como superoxido (*OH) e
peréxido de hidrogénio (H20,), que desencadeiam danos celulares (Figura 1). O
radical *OH é a molécula oxidante mais reativa, capaz de se ligar ao DNA, lipidios e
proteinas, oxidando-os e desencadeando as lesdes (VALKO et al. 2006). Outra
hipotese para as injurias hepaticas induzidas pelo alcool € a formacéao do H,O, que
atua como um segundo mensageiro que estimula a cascata de quinases em
proteinas acopladas a expressdo de genes pro-inflamatérios (DAS & VASUDEVAN,

2007). Ainda, segundo Gabbita et al. (2000), também envolve o aumento na
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producdo de H,O, que pode resultar na inativacado de fosfatase. A oxidacao inicial
da GSH resulta na formacdo da glutationa oxidada (GSSG) a partir do H,O, e da
glutationa peroxidase (GPx) (GABBITA et al. 2000). Com isso, a GSH e a
tiorredoxina (Trdx) podem causar a reducao das pontes dissulfeto de volta para a
forma ativa da proteina tirosina fosfatase (PTP), o qual ocorre quando a taxa de
restauracdo do GSH é ineficiente, como no caso do aumento do estresse oxidativo

no tecido lesionado.

Associado ao metabolismo propriamente do etanol, ha evidéncias de que em
excesso o0s acidos graxos também induzem estresse oxidativo, devido a producgéo
de EROS por peroxidacdo ou através da producdo mitocondrial (YANG, 2000),
gerando lipotoxicidade. A lipoperoxidacdo, por sua vez, parece estar ligada a
algumas lesbes da esteatose e especialmente da esteatohepatite, através da
inducdo de necrose ou apoptose celular (FALDSTEINE et al. 2003). O excesso de
EROS oxida organelas celulares, resultando em danos letais aos hepatdcitos
(MITSUYOSHI et al. 1999). Este estresse oxidativo parece ser um fator essencial
nas lesdes secundarias do alcoolismo crénico. Ha, no entanto, varios mecanismos
adaptativos a esta condicao, que assumem importante papel no desenvolvimento e
intensidade das lesdes teciduais. Os mecanismos celulares de resisténcia ao
estresse oxidativo crénico incluem a inducdo de enzimas como a superoxido
dismutase (SOD), proteina de choque térmico (HSP) e apoptéticas (Bcl2 e Bax),
sintese de glutationa (GSH), e fatores de transcricdo (BERR et al. 2001), sendo

alguns destes fatores, como o NF-kB, um amplificador de respostas inflamatorias.

A SOD é uma enzima crucial para manutencdo e protecdo das células
aerObias devido a sua acdo antioxidante. Esta enzima apresenta duas isoformas,
Cu/Zn e a Mn-dependente, localizadas no citosol e no espaco extracelular e
residente na mitocondria, respectivamente. A SOD apresenta agcéo preventiva contra
danos teciduais ocasionados pelas EROS, gerados pela respiracdo aerébica normal
ou provenientes de metabdlitos de componentes exégenos, como o etanol (LI et al.
2004; CURRY-McCOY et al. 2010). A SOD previne a formacao do peroxinitrito por
catalisar a conversdo do superoxido em oxigénio (O,) e peroxido de hidrogénio
(H2.0,), com a posterior remog¢do do ultimo produto gerado através da acdo das

enzimas catalase (Cat) e glutationa peroxidade (GPx) (Figura 1). Assim, a SOD é
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importante na prevencdo da peroxidacao lipidica pela reagdo com superédxido antes
que ocorra reacdo com as ligacdes insaturadas dos acidos graxos intracelulares
(OZARAS et al. 2003; CURRY-McCOY et al. 2010), que podem ser induzidas pelo

alcool.

CH,CH,OH + O,

NADPH
NADP* + H*

NADPH oxidase

O, + CH,;CHOH
(radical ions superoxido)

2H+ e Superoxido dismutase
) (SOD)
Pel.oxidacéo Reacao de Fenton . GPx
lipidica -op4+0oH Fe2+ H,O, - 2H,0
(LPO) Fe3+ 2GSH
GSSG
Catalase €R)
2H,0+ O,

FIGURA 1. Demonstragdo esquematica da formagdo de espécies reativas de oxigénio pela ingestédo
de etanol e a acdo de enzimas antioxidantes no combate a estas espécies formadas.
FONTE: (O Autor).

Segundo relatado em literatura, os efeitos do etanol sobre os niveis de GSH
hepaticos séo variaveis (LIMURO et al. 1997; OH et al. 1998; FERNANDEZ-CHECA
& KAPLOWITZ, 2005). A reducdo de GSH mitocondrial (mMGSH) decorrente da
ingestao crbnica de etanol, que tem sido observada de forma consistente, o torna
um fator lesivo chave para a evolucdo da lesdo hepatica (FERNANDEZ-CHECA et
al. 1991; HIRANO et al. 1992; GARCIA-RUIZ et al. 1995; FERNANDEZ-CHECA,
2003). A deplecdo de GSH mitocondrial pela ingestdo cronica de etanol ocorre
preferencialmente nos hepatécitos pericentrais, onde ocorre a maior parte das
lesbes em figado de camundongos (GARCIA-RUIZ et al. 1995). Esta deplecéo pelo
etanol é atribuivel ao comprometimento no transporte de GSH a partir do citosol para
a mitocondria (GARCIA-RUIZ et al. 1995; COLELL et al. 1998). Bailey et al. (2001),



25

no entanto, descobriram que os niveis de GSH mitocondrial foram aumentados apo6s
a ingestao cronica de etanol no modelo de Lieber-Decarli em cerca de 25%. Estes
achados foram sugestivos para uma reflexdo referente a uma resposta adaptativa
para neutralizar os danos metabdlicos provocados pelo etanol relacionados com os
aumentos na producéo de EROS mitocondrial (DAS & VASUDEVAN, 2007).

Como supracitado, o estresse oxidativo esta criticamente envolvido em
doencas hepaticas induzidas por alcool, o que leva a um desequilibrio em prol das
espécies pro-oxidantes e/ou desequilibrio das espécies antioxidantes, culminado em
lesbes hepaticas (SHUKLA et al. 2013). Existem evidéncias de que as funcdes das
mitocondrias estdo alteradas em humanos com esteatohepatite (CORTEZ-PINTO et
al. 1999). Como as mitocéndrias sdo um dos principais sitios de geracao de EROS e
também onde ocorre a maior parte da oxidacdo dos acidos graxos, consideravel
atencdo tem sido dada ao papel das mesmas, especialmente na progressao da
esteatose para injarias hepaticas mais severas (esteatohepatite, fibrose e cirrose). A
relevancia destas alteracbes para as funcdes mitocondriais, peroxisomais e
microssomais pode ser averiguada ao se avaliar as vias de oxidacdo de acidos
graxos, a producdo de EROS e a lipoperoxidagdo em figados esteatoéticos. Verifica-
se, entretanto, que sao poucos os relatos existentes na literatura. Sabe-se, porém,
que o consumo crénico de &lcool promove prejuizo das fungbes mitocondriais e
alteracdo na estrutura das mesmas, produzindo um aumento na producao de EROS
e, consequentemente, toxicidade celular (DAS & VASUDEVAN, 2007). A geracao de
espécies reativas de oxigénio deve ser mais elevada posteriormente ao consumo
abusivo de alcool, pois ocorre um decréscimo da atividade enzimatica da cadeia
respiratoria, resultando em acumulo de transportadores reduzidos no complexo | e |l
desta cadeia (CEDERBAUM et al. 2009). Assim, as mitocondrias contribuem para o
acréscimo nos niveis de oxidacdo em hepatécitos sob exposicdo aguda ou crdnica
ao alcool (VENKATRAMAN et al. 2004; WU & CEDERBAUM, 2009).

1.4 Tratamento para a EHA

A elucidacdo dos mecanismos que levam ao desenvolvimento da EHA

propicia um melhor entendimento da enfermidade e de sua progresséo, bem como
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apontam para possiveis alvos terapéuticos. Alguns farmacos tém sido testados,
como esterdides (CHRISTENSEN & GLUUD, 1995), acido ursodeoxicélico (UDCA)
ou seu conjugado (TUDCA) (PLEVRIS et al. 1991) e antioxidantes (ARTEEL et al.
2003). Ainda, estudos demonstram que o receptor FXR (Farnesoid X receptor)
exerce um papel central na homeostase dos &cidos biliares, bem como no
metabolismo de glicose e lipideos hepaticos (PAQUETTE et al. 2008). Assim, 0s
agonistas FXR, GW4064 e 6ECDCA, tém sido testados em animais visando o
tratamento de uma gama de doencas hepaticas, incluindo colestase (LI et al. 2009),
NAFLD (WEI et al. 2009) e esteatose hepatica alcodlica (LIVERO et al. 2012).
Porém, mesmo com décadas de estudos, ainda ndo hd medicamentos definitivos
para seu tratamento (HENZEL et al. 2004).

1.5 Associagéo Entre EHA e Dieta

A completa compreensdo da patogenia das doencas hepaticas alcodlicas &
impedida pela complexidade das interacbes que o alcool sofre, como supracitado,
bem como pelas variagdes quanto a quantidade ingerida, tempo de ingestao, tipo de
agente agressor e como € administrado (NATH & SZABO, 2009; TSUKAMOTO et al.
2009). Progressos significativos foram feitos nos modelos de inducdo de esteatose
hepatica alcodlica em animais de diferentes espécies e cultura celular, objetivando
investigar os mecanismos de iniciacdo e progressao da lesdo com a fidedignidade
da etiologia e da histéria natural da doenca em humanos (MANN et al. 2003; SOZIO
& CRABB, 2008; NATH & SZABO, 2009; ARTEEL, 2010; SZABO & BALA, 2010). As
espécies de animais mais utilizados para a inducdo de esteatose hepatica alcodlica
sao os roedores (ratos, camundongos e hamsters) e primatas (BATRA et al. 1995).
Estudos com ingestdo de alcool diluido em agua por 3-4 anos, em babuinos, levam
a evolucao de todos os niveis de doencas hepéaticas alcodlicas, semelhantemente ao
observado em humanos (LIEBER et al. 1985; BRANDON-WARNER et al. 2012).
Entretanto, os custos elevados e o longo tempo desprendido tornam os estudos com
primatas pouco viaveis (LI, 2008; DeNUCCI et al, 2010; TSUCHIYA et al. 2012;
MILLER et al. 2012).



27

A ingestéo de alcool por via oral em roedores mimetiza muitos dos efeitos de
consumo de alcool em humanos (MANN et al. 2003). A quantidade de alcool
ingerida e a duracdo deste consumo sdo fatores de grande importancia para a
evolucdo da disfuncdo hepatica. Contudo, os meios de fornecimento do alcool
também desempenham um papel importante na determinagdo da quantidade de
alcool ingerida, 0 que eleva as consequéncias patolégicas progressivas (GILPIN et
al. 2008; BRANDON-WARNER et al. 2012).

Pessoas com doencas hepaticas alcodlicas substituem calorias dos
alimentos por calorias provenientes do &lcool (GRIFFITH & SCHENKER, 2006). Esta
substituicdo corresponde a mais de 50% das calorias totais ingeridas/dia.
(MENDENHALL et al. 1984). Além disso, a propor¢cdo de calorias com origem
alcoolica parece aumentar a gravidade das disfunc¢des hepaticas, com a reducdo da
gualidade alimentar (MEZEY, 1991; SCHENKER & HALFF, 1993; MEZEY, 1998).
Em contrapartida, consumidores cronicos de alcool perdem o desejo por alimentos,
0 que pode levar a anorexia, que também esta correlacionada com a gravidade da
les@o hepatica (MENDENHALL et al. 1995; HIRSCH et al. 1999).

Dietas hiperlipidicas também tém sido sugeridas como um fator de risco para
o desenvolvimento e agravamento de doencas hepaticas alcodlicas em animais e
humanos (MEZEY, 1998). Mais de 90% dos bebedores crénicos que associam
alcool a dieta hiperlipidica desenvolvem EHA. Em contrapartida, dados mostram que
em paises aonde a dieta rica em gorduras saturadas é prevalente, ocorre uma
menor incidéncia de doencas hepéticas, apesar da ingestdo de &lcool rotineiramente
(MCCULLOUGH & O'CONNOR, 1998). Isto também vem sendo observado em
pesquisas com animais submetidos a uma ingestao crescente de gordura saturada,
levando a reversdo das alteracdes hepaticas, mesmo com a ingestdo de alcool
continuada. Este efeito, em parte, pode ser atribuido a menor producdo de radicais
livres a partir de gordura saturada da dieta (YOU et al. 2005).

Com esses dados fica clara a interacdo entre dieta, etanol e o
desenvolvimento de enfermidades hepaticas, com diferentes graus de severidade.
Baseando-se nisto é que o presente trabalho foi delineado, com a proposta de
caracterizar um modelo de EHA de baixo custo, associando o consumo de etanol a

dieta rica em lipideos, representada unicamente por semente de girassol.
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2. OBJETIVO GERAL

Este trabalho objetiva propor e caracterizar um modelo de estudo de EHA in
vivo, que seja fidedigno da enfermidade em humanos e que tenha custo viavel para

sua execucdo, com uma dieta hiperlipidica associada ao etanol.

2.1. Objetivos Especificos

2.1.1 Quantificar os lipideos presentes no figado dos animais submetidos as

diferentes dietas;

2.1.2 Avaliar histologicamente o grau da lesdo celular decorrente da indugao

da esteatose hepatica alcodlica in vivo;

2.1.3 Avaliar as fungbes mitocondriais possivelmente envolvidas na evolucao

da EHA, avaliando a respiracao celular;

2.1.4 Avaliar o grau de estresse oxidativo celular através de biomarcadores do

estado redox de hepatdcitos.
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3.1 Abstract

Background: Alcoholic liver disease is characterized by wide spectrum of liver
damage, ranging from fatty liver to steatohepatitis and liver fibrosis/cirrhosis. The
ethanol induces the accumulation of intracellular lipids, oxidative stress and damage
in respiratory chain. However, this damage increases when the ethanol is associated
with high-fat diet (HFD). The aim of this work was to establish and characterize a
model of alcoholic hepatic steatosis (AHS) through the combination of 10% ethanol
and sunflower seeds as the unique source of HFD. Material and methods: Male
Wistar rats (Rattus norvegicus) were kept in a single cage with food and liquid ad
libitum. The rats were fed to water or 10% ethanol and regular chow diet and/or high
fat diet (HFD), represented by sunflower seeds. Throughout thirty days on diets, the
food consumption, liquid intake and the body weight were monitored. After this
period, blood and liver samples were collected for evaluation of liver histology,
hepatic oxidative stress, hepatic mitochondria enzyme activity, and plasma
biochemistry. Results: The association of 10% ethanol and HFD induced hepatic
lipid accumulation, macrostetosis, hepatocytes tumefaction, decreased levels of
reduced glutathione and reduction of glutathione-S-transferase, and increased the
level of lipoperoxidation and the activity of superoxide dismutase. Also, the
mitochondrial oxidation of NADH and succinate were partially inhibited.
Conclusions: The combination of 10% ethanol with sunflower seeds as the diet for
rats produced an interesting and cheap model to study AHS. The installation of liver
steatosis was successfully obtained after 4 weeks of diet. The liver function was
modified and the alterations were found in the morphological analysis, oxidative

stress biomarkers and in the mitochondrial electron transport.

Keywords: steatosis, ethanol, high-fat diet, sunflower seeds, oxidative stress,
mitochondrial chain
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3.2 Introduction

Alcoholic dependency is considered to be a worldwide public health problem,
and a direct causal relationship has been observed between alcohol consumption
and more than 60 different types of diseases and injuries, including those in the liver
(Miranda-Mendez et al. 2010). Alcoholic liver disease (ALD) is characterized by a
wide spectrum of liver damage, ranging from liver steatosis (fatty liver) to
steatohepatitis and liver fibrosis/cirrhosis. It is believed that the obvious cause for
ALD is hepatocyte death induced by alcohol itself (Byun and Jeong, 2010; Curry-
McCoy et al. 2010). However, the involvement of oxidative injury in ethanol toxicity
has emerged from a growing number of reports that showed that alcohol-fed
experimental animals, as well as patients with ALD, have increased contents of lipid
peroxidation products in the liver and in the blood (Albano, 2008).

Mechanisms implicated in alcohol-induced liver damage involve many
biochemical reactions, with different pathways interacting with each other
simultaneously. These mechanisms involve enzymes, reactive oxygen species
(ROS), endotoxins, cytokines, immune system cells, and genetic predisposition to
liver disease (Lu and Cebderbaum, 2008; Miranda-Mendez et al. 2010). The
intracellular accumulation of lipids is the most frequent liver lesion in heavy drinkers.
The impairment of mitochondrial lipid oxidation has been proposed as one of the
mechanisms that is responsible for this fat accumulation (Pessayre and Fromenty,
2005; Pessayre, 2012). Oxidative stress associated with alcohol toxicity is mainly
caused by ROS generated by the mitochondrial respiratory chain, by the enzyme
responsible for the ethanol metabolism (CYP2EL) in hepatocytes, and by the NADPH
oxidase of Kupffer cells and liver-infiltrating granulocytes. In addition, the oxidation of
ethanol through the alcohol dehydrogenase pathway produces acetaldehyde, which
Is converted to acetate. Both reactions promote an increase of NADH, which, in
excess, results in several metabolic disorders, including the inhibition of fatty acid
oxidation and tricarboxylic acid cycle (Tilg, 2011). Therefore, it increases the hepatic
fat accumulation.

For decades, dietary deficiencies were considered the major factor
responsible for the development of liver disease in alcoholics (Korourian et al. 1999),
because ethanol displaces normal nutrients, causing malnutrition (Liber et al. 2004,
Comporti et al. 2010). Moreover, it has been experimentally proved that nutritional
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deficiencies cause liver damage (Di Pascoli et al. 2004; Rautou et al. 2008; Caballero
et al. 2011). Therefore, it was postulated that the combination of these factors cause
ALD (Comporti et al. 2010). For instance, it has been reported that a low-
carbohydrate diet associated with ethanol induced severe hepatotoxicity with intense
steatosis in rats (Korourian et al. 1999). Despite alcoholic fatty liver has long been
considered benign, increasing evidence supports the idea that steatosis may
contribute to the progression of other hepatic injuries (Powel et al. 2005).

Because the interaction between ethanol and nutrients may contribute
significantly to the pathology of an alcoholic liver injury, the aim of this study was to
establish and characterize an alcoholic hepatic steatosis (AHS) model induced by
ethanol associated with a high-fat diet (HFD). Because specific chow with high fat or
low protein contents, both used in combination with ethanol to induce the steatosis
model, are expensive, the purpose of this study is to propose a cheaper model of
alcoholic steatosis by using sunflower seeds (Helianthus annuus) as the unique
source of the HFD. This study focused on the hepatic oxidative stress and the
mitochondrial dysfunction induced by the combination of the liquid diet (10% ethanol)

and HFD (sunflower seeds).

3.3 Material and Methods

3.3.1 Animal care, diets, and sample collection

Male Wistar rats (Rattus norvegicus) weighing 200 + 20 g were used for this
study. The experimental study (Figure 1) was approved by the Institutional Animal
Ethics Committee of the Biological Sciences Sector of the Federal University of
Parana (certificate #584). Briefly, each animal was housed in a single cage with food
and water ad libitum (4 weeks) and maintained at room temperature (22°C + 2°C) on
a 12/12-h light/dark cycle. After acclimation for 1 week, the animals were separated
into 6 groups (n = 10 each) according to their liquid and solid diets: (1) water and
chow diet (WC), (2) water and high-fat diet with only sunflower seeds (WH), (3) water
and chow plus sunflower seeds (WCH), (4) ethanol and chow diet (EtC), (5) ethanol

and high-fat diet with only sunflower seeds (EtH), and (6) ethanol and chow diet plus
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high-fat diet with sunflower seeds (EtCH). Food (chow and/or sunflower seeds)
consumption, liquid intake (water or ethanol), and body weight were monitored 3
times per week during a 1-month period. The consumption of sunflower seeds was
calculated using only the weight of the peeled seed, which was 48% of the total
weight of the seed. The nutritional values of the regular chow and the sunflower
seeds are shown in the supplementary material. After 30 days of consumption of the
diet, the animals were anesthetized with ketamine (60 mg-kg™- Vetnil, Louveira, SP,
Brazil) and xylazine (7.5 mg-kg?- Kénig, Santana de Parnaiba, SP, Brazil) by
intraperitoneal injection. Blood from individual rats was collected from the abdominal
cava vein to determine the plasma levels of biochemical parameters. The liver was
quickly snap-frozen in liquid nitrogen and stored at -80°C for hepatic oxidative stress
analysis and quantification of lipids. A portion of the liver was fixed in 10% neutral-
buffered formalin for histological analysis. For isolation of liver mitochondria, the

animals were euthanized by decapitation.
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Figure 1. Experimental designed over 4 weeks with rats fed with chow and/or sunflower seeds
combined with water or 10% ethanol. Groups: WC (water - chow diet), WCH (water - chow diet and
high-fat diet with sunflower seed), WH (water - high-fat diet with sunflower seed), EtC (10% ethanol -
chow diet), EtCH (10% ethanol - chow diet and high-fat diet with sunflower seed) and EtH (10% etanol
- high-fat diet with sunflower seed).
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3.3.2 Hepatic histology

The liver tissue, which was fixed in 10% (v/v) neutral-buffered formalin, was
further embedded in paraffin at room temperature. Thin sections (4 um) from paraffin
blocks were processed for histology, and the tissue was stained with hematoxylin-
eosin according to the routine technique applied at the Department of Medical
Pathology of Federal University of Parana. Another liver tissue fraction was
embedded in Tissue-Tek Optimal Cutting Temperature (O.C.T.) compound (Sakura,
Torrance, CA, USA), processed in a cryostat, and stained with Sudan Black or Nile
Blue, both of which are specific stains for lipids. All slides were then analyzed by light

microscopy (Leica DM2500, Wetzlar, Germany).

3.3.3 Measurement of liver lipid content
The lipid content in the tissue was determined by the gravimetric method
(Oller do Nascimento and Willianson, 1986). All results were expressed as

micrograms of triglyceride per milligram of liver tissue (ug-mg™ liver).

3.3.4 Plasmatic analysis

Plasma was obtained by centrifugation of the total blood and stored at -80°C.
Then, cholesterol (CHO) and triglyceride (TG) levels, as well as alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activity, were
analyzed using a biochemical-automated system (Labtest Diagnéstica, Lagoa Santa,

MG, Brazil) according to the manufacturer’s instructions.

3.3.5 Hepatic oxidative stress measurements

Liver tissue was homogenized in phosphate-buffered saline (pH 6.5) using a
homogenizer and centrifuged at 10,000 x g at 4°C for 20 min. The activities of
antioxidant enzymes were determined in the supernatant. The supernatant was used
to measure the activity of catalase (Cat) (Aebi, 1984), superoxide dismutase (SOD)
(Gao, 1998), and glutathione S-transferase (GST) (Habig, 1974). In addition, the rate
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of lipid peroxidation (LPO) (Jiang, 1991) and reduced glutathione (GSH) (Sedlak,
1968) were measured. Results were expressed relative to the protein levels in each

liver homogenate.

3.3.6 Isolation of rat liver mitochondria

Mitochondria were isolated from the liver by differential centrifugation as
described by Voss et al. (1961) by using an extraction medium consisting of 250 mM
D-mannitol, 10 mM HEPES (pH 7.2), 1 mM EGTA, and 0.1 g% BSA. All procedures
were performed at 4°C, and the mitochondrial suspension was stored in liquid

nitrogen until the activity of enzymes linked to the respiratory chain was determined.

3.3.7 Mitochondrial enzymatic activity

Disrupted mitochondria that were obtained by a freeze-thawing treatment
were used to determine the activity of the respiratory enzyme chain. NADH and
succinate oxidase activities were assayed polarographically (Singer and Gutman,
1971). NADH dehydrogenase (EC 1.6.5.3 NADH:ubiquinone oxidoreductase) and
succinate dehydrogenase (EC 1.3.5.1 succinate:ubiquinone oxidoreductase)
activities were assayed spectrophotometrically according to Singer (1971). NADH-
cytochrome c reductase (EC 1.6.99.3 NADH:cytochrome c oxidoreductase) and
succinate cytochrome c¢ reductase (EC 1.3.99.1 succinate:cytochrome ¢
oxidoreductase) activities were measured by cytochrome c reduction at 550 nm as
described by Somlo (1965). The activity of cytochrome c oxidase (EC 1.9.3.1
ferrocytochrome c:oxygen oxidoreductase) was determined according to Mason et al.
(1973).

3.3.8 Protein determination
Protein concentrations in the liver homogenate for hepatic oxidative stress

measurements was determined by the Bradford method (1976), and those from
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hepatic mitochondria homogenates were determined by the method described by
Lowry et al. (1951). BSA was used as the standard in both methods.

3.3.9 Statistical analysis

The results were expressed as mean + standard error of the mean (SEM)
and were analyzed by one-way analysis of variance (ANOVA) followed by a post-hoc
Tukey-Kramer test. Two-way ANOVA was used to analyze the liquid consumption,
food consumption, and body weight gain, with the time (week) and the diet as the
variables. The GraphPad Prism 5.0 (La Jolla, CA, USA) program was used for

statistical analysis, and p < 0.05 was the value for statistical significance.

3.4 Results

3.4.1 Diet consumption and body weight gain of rats

The consumption of liquid (water or alcohol) and solid food (regular chow
and/or sunflower seeds) of each animal was measured thrice per week, while the
body weight was monitored once per week. The consumption of liquid over the 4-
week period was the highest in animals that were fed the regular diet with water
(WC), followed by the group of animals that were fed ethanol and regular chow (EtC)
(Figure 2A). Similarly, a higher intake of solid food occurred in animals treated with
the water and regular chow diet (WC), which was statistically different from all of the
other groups (Figure 2B). With the observed differences in the amount of solid diet
that was consumed, we sought to quantify the gross energy present in the diet of
animals using a calorimeter (kcal-kg™) that was based on the consumption of each
group. We observed that the animals that ingested the ethanol-chow and high-fat diet
with sunflower seeds (EtCH) or the ethanol-sunflower seed diet (EtH) proportionately
consumed more calories than animals in the other groups (Figure 2C). However,
higher calorie intake from a solid diet did not result in increasing body weight; the EtH

and WH groups were the groups that gained the least weight over the 4-week period
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(Figure 2D). Therefore, the combination of ethanol and sunflower seeds (EtH)

reduced the liquid and solid consumption and reduced the body weight gain, but it

increased the caloric intake.
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Figure 2. Consumption of the liquids (A) and food (B) by rats fed with chow and/or sunflower seeds
combined with water or 10% ethanol for 4 weeks. The gross energy (kcal-kg™ of food) derived from the
consumption of the solid diet (C) and the body weight gain in rats (D) are also shown. Values are
expressed as mean * standard error of the mean (n=10), and they were analyzed by one-way analysis
of variance (ANOVA) followed by the Tukey test as a post-hoc analysis for gross energy and two-way
ANOVA for liquid consumption, food consumption, and body weight gain. Symbols: *, p < 0.05; **, p <
0.01; ***, p<0.001 compared to other groups (C) at the same week (A,B,D). Groups: WC (water - chow
diet), WCH (water - chow diet and high-fat diet with sunflower seed), WH (water - high-fat diet with
sunflower seed), EtC (10% ethanol - chow diet), EtCH (10% ethanol - chow diet and high-fat diet with
sunflower seed) and EtH (10% etanol - high-fat diet with sunflower seed).
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3.4.2 The diet combination of ethanol and sunflower seeds induced

severe hepatic steatosis

At macroscopic observation, the liver of the rats that were fed an HFD and
ethanol (EtH and EtCH) was pale and fatty (data not shown). To confirm the lipid
accumulation, histopathological analysis of the livers was performed by staining with
hematoxylin-eosin. The lesions were classified according to the Rappaport score
(1958). Livers of animals from the WH, EtCH, and EtH groups displayed
predominantly microvesicular steatosis and less macrovesicular steatosis. However,
no steatosis was observed in livers of animals from the EtC group after 4 weeks of
the diet, and only a low degree of microsteatosis was found in the livers of animals
from the WCH group. Indeed, the histology of the livers from the EtC group was
similar to that of the livers from the control group (WC) (Figure 3). Other lesions, such
as lymphocytes infiltration, were also observed and quantified as shown in Table 1.
The visualization of lipid droplets using Sudan Black and Nile Blue (Figure 3F)
staining confirmed the considerable accumulation of lipids. The former stains lipids in
intense black, while Nile Blue stains acids and neutral lipids in pink.

The hepatic lipid accumulation was detected using the gravimetric method
(Figure 4). The animals in the EtH and EtCH groups had increased intracellular lipids
after 4 weeks of the diet, while the WH group presented a moderate increase that
was not statistically significant. The EtC group presented the same level of
intrahepatic lipid as the control group (WC), which indicates that the ethanol alone
did not cause the accumulation of lipids in the liver. These results are consistent with

the histological observations (Figure 3).
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Figure 3. Liver histology demonstrated in rats after 4 weeks under modified solid and/or liquid diet. The staining
was performed with hematoxylin-eosin (H&E), Sudan Black and Nile Blue to all experimental groups: (A) WC, (B)
WCH, (C) WH, (D) EtC, (E) EtCH e (F) EtH. The morphology was performed in increased 400x or 200x

respectively, showing the accumulation of lipids within hepatocytes.
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Table 1. Hepatic histology lesions observed in rats after receiving different diets
for 30 days to induce steatosis.

Microsteatosis Macrosteatosis Tumefaction lym thooCcuyStosis
wcC - - - -
WCH + - - -
WH + + - +
EtC - - - -
EtCH ++ - - +
EtH ++ + + +

Groups: WC (water - chow diet), WCH (water - chow diet and high-fat diet with sunflower seed),
WH (water - high-fat diet with sunflower seed), EtC (10% ethanol - chow diet), EtCH (10% ethanol -
chow diet and high-fat diet with sunflower seed) and EtH (10% etanol - high-fat diet with sunflower
seed).The Rappaport score (1958) means: absence of lesion or lesion in less than 10% of the
microscopic areas (-); mild lesion, in 10-30% (+); moderate lesion, in 30-60% (++); and severe
lesion, in 60-100% of the analyzed areas (+++).
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Figure 4. Intrahepatic lipids represented by triglycerides (ug-mg'l liver) in rats receiving different diets.
Values are expressed as mean + standard error of the mean (n=10) and were analyzed by one-way
ANOVA followed by the Tukey test as a post-hoc analysis. Symbols: *, p < 0.05; **, p < 0.01. Groups:
WC (water - chow diet), WCH (water - chow diet and high-fat diet with sunflower seed), WH (water -
high-fat diet with sunflower seed), EtC (10% ethanol - chow diet), EtCH (10% ethanol - chow diet and
high-fat diet with sunflower seed) and EtH (10% etanol - high-fat diet with sunflower seed).
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3.4.3 The diets influenced the plasmatic levels of ALT and
cholesterol

The highest ALT activity was observed in the groups that were fed an HFD,
independent of the liquid that was consumed (water or ethanol), clearly showing the
influence of the solid diet. However, the association of 10% ethanol with an HFD
increased the severity of liver damage, as illustrated by the high ALT level in the
EtCH and EtH groups but not in the WCH and EtC groups (Figure 5A). Similar results
were observed for the CHO levels in the plasma: rats receiving the sunflower seed
diet had increased CHO levels with water or ethanol. However, balanced diets with or
without 10% ethanol did not influence the cholesterol levels (Figure 5B). No
differences in AST and triglycerides levels were observed among the groups (data

not shown).
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Figure 5. Alanine aminotransferase (ALT) (A) and cholesterol (B) levels in rat plasma after 4 weeks of
different diets. Values are expressed as mean + standard error of the mean (n=10) and were analyzed
by one-way ANOVA followed by the Tukey test as a post-hoc analysis. Symbols: *, p < 0.05; **, p <
0.01; ***, p < 0.001. Groups: WC (water - chow diet), WCH (water - chow diet and high-fat diet with
sunflower seed), WH (water - high-fat diet with sunflower seed), EtC (10% ethanol - chow diet), EtCH
(10% ethanol - chow diet and high-fat diet with sunflower seed) and EtH (10% etanol - high-fat diet
with sunflower seed).
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3.4.4 Diet of ethanol and sunflower seeds induced hepatic oxidative
stress

The SOD activity in the EtCH and EtH groups was significantly higher (50%)
than that in the control group (WC). However, GST activity (-33%) and GSH level (-
59%) were lower in the EtH group than in the WC group (Figure 6A-C). Moreover,
the LPO level was higher in the WH, EtCH, and EtH groups, reaching about 62%,
112%, and 137%, respectively, than the level in the WC group (Figure 6D). These
data indicate that the ethanol and HFD reduce hepatic GSH levels and GST activity
and increase the SOD activity. Furthermore, LPO, despite occurring only in the
presence of ethanol, was aggravated by HFD. No differences were observed in the

hepatic Cat activity (data not shown).

Figure 6. Biomarkers of oxidative stress in rat liver samples collected after 4 weeks of diet. The
biomarkers analyzed were superoxide dismutase (A), glutathione S-transferase (B), reduced
gluthatione (C), and lipid peroxidation (D). Values represent mean * standard error of the mean
(n=10), and were analyzed by one-way ANOVA followed by the Tukey test as a post-hoc analysis.
Symbols: *, p < 0.05; **, p < 0.01; ***, p < 0.001. Groups: WC (water - chow diet), WCH (water - chow

EtH
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diet and high-fat diet with sunflower seed), WH (water - high-fat diet with sunflower seed), EtC (10%
ethanol - chow diet), EtCH (10% ethanol - chow diet and high-fat diet with sunflower seed) and EtH
(10% etanol - high-fat diet with sunflower seed).

3.4.5 Both ethanol and diet impaired mitochondrial enzymatic
activities

The complete oxidation of NADH (Figure 7A) and succinate (Figure 7D) in
the respiratory chain was inhibited by about 25% and 22%, respectively, in the WH,
EtC, and EtH groups compared to the control group (WC). We analyzed other
enzymatic segments with the aim of identifying the site in the respiratory chain where
the inhibition takes place. The activity of NADH dehydrogenase (complex 1) was
inhibited by about 13%, 22%, and 21% in the WH, EtC, and EtH groups, respectively,
relative to the control group (WC) (Figure 7B). The electron transport in the segment
containing NADH cytochrome ¢ reductase was reduced by about 14%, 19%, and
16% in the WH, EtC, and EtH groups, respectively (Figure 7C).

The activity of succinate dehydrogenase (complex 1) was also inhibited
about 23%, 12%, and 29% in the WH, EtC, and EtH groups (Figure 7E), respectively.
This inhibition was also observed in the segment containing succinate cytochrome c
reductase (Figure 7F). No effect on cytochrome c¢ oxidase (complex IV) was
observed (data not shown). Taken together, these results show that the ethanol
and/or HFD inhibited electron transport in the respiratory chain, mainly affecting

complex | and .
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Figure 7. Effect of high-fat diet and ethanol on the enzymatic activities of the hepatocyte respiratory
chain in rats. Control values (100%) were: (A) NADH oxidase: 73 + 19 nmol O, consumed min™-mg™"
mitochondrial protein; (B) NADH dehydrogenase: 78 + 13 nmol of ferricyanide reduced in min*-mg™
mitochondrial protein; (C) NADH cytochrome c reductase: 86 + 9 nmol of cytochrome ¢ reduced min™
g™ mitochondrial protein; (D) succinate oxidase: 80 + 18 nmol O, consumed min *-mg™" mitochondrial
protein; (E) succinate dehydrogenase: 64 + 13 nmol of DCPIP reduced min™-mg™" mitochondrial
protein; and (F) succinate cytochrome c reductase: 73 + 12 nmol of cytochrome ¢ reduced min~mg™
mitochondrial protein. Results (mean + SEM of 4 independent experiments) are expressed as % of
control activities. ANOVA followed by the Tukey test as a post-hoc analysis was used for statistical
comparison. Symbols: *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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3.5 Discussion

Hepatic steatosis is a primary response to the chronic consumption of
ethanol in over 90% of individuals (Schwabe and Wiley, 2011). In accordance with
this, our data showed lipid accumulation in hepatocytes of the animals that
developed AHS by consuming an HFD with 10% ethanol (Figure 3-4). The HFD,
which was represented by sunflower seeds, was selected because of the palatable
taste of these seeds for rodents (Abdel-Gawad and Taha, 2011; Abbas et al. 2008;
Jabbar et al, 2008), and because its protein amount is similar to that of the regular
chow (supplementary material), allowing a comparison between both diets. Another
aspect that should be considered for the establishment of this model is the low cost
of this diet (only 5%) compared with the cost of a low-protein diet, which is also used
in combination with ethanol in a steatosis model (Livero, 2012).

The accumulation of hepatic triglycerides is closely related to the
development of liver injury (Monsénégo, 2012). Both morphological and gravimetric
methods confirmed the accumulation of intrahepatic lipids, which were mainly
triglycerides (Figures 3-4). We observed discrete microsteatosis when supplied HFD
and water to the group WH. However, the severity of microsteatosis was intensified
when the HFD was combined with ethanol, which demonstrates the involvement of
ethanol in the development of steatosis (Dey and Cederbaum, 2006; Ronis et al,
2010; Bharrhan et al. 2011; Kirpich et al. 2012). In contrast, the macrosteatosis
seems to be associated with HFDs, but it does not appear to be associated with
ethanol (Table 1). Hepatic steatosis was present in at least 5% of histological
sections, which already characterizes the liver injury (Hoyumpa et al. 1975; Albano,
2008).

The characterization of the steatosis model investigated in this work can also
be seen in the gross energy present in the food consumed by the animals over 4
weeks of receiving the diet. The rats that had a higher gross energy intake also
tended to have an increased prevalence of AHS, which was confirmed in the
histopathological observations (Figure 3). It is clear that the combination of 10%
ethanol and an HFD, which accelerated microsteatosis, macrosteatosis, and
hepatocyte tumefaction, caused the worsening of steatosis and the deployment of
the liver disease. It is important to emphasize that steatosis or other liver injuries
were not induced with 10% ethanol with regular chow (EtC). The plasma levels of
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ALT, which is an important indicator of cellular hepatic lesions (Sathaye et al. 2011;
Chacko et al. 2011), were increased in the WH, EtCH, and EtH groups, but it was not
in EtC group (Figure 5A). ALT is very active in the liver; thus, it can be easily
detected in small quantities in the plasma after liver injuries. Enzyme release can be
caused by hepatocyte lysis and by increases in plasma membrane permeability
(Babcock et al. 1981; Christoff et al. 2008). Our data, which suggest that the plasma
ALT is more influenced by the HFD than by the ethanol, corroborate those of Demori
et al. (2006).

Hochgraf et al. (1997) demonstrated that oxidized linoleic acid, which is
present in sunflower seeds, promotes a significant increase in the plasma cholesterol
levels in rats. In contrast, some other studies reported reduced levels of plasma
cholesterol and triglycerides in rats and pigs in response to the consumption of
oxidized dietary oil (Eder, 1990; Eder and Kirchgessner, 1999; Eder, 1999; Eder and
Stangl, 2000; Eder, 2003; Acikgoz et al. 2011). In this context, our results
demonstrated increased cholesterol levels with HFD, which agrees with the proposal
of Hochgraf et al. (1997). This increase was not associated or intensified by the
presence of ethanol in the diet (Figure 5B). The higher plasma cholesterol levels
might be related to impaired liver uptake of cholesterol (Hochgraf et al. 1997).

Considering the liver injuries observed, we measured biomarkers of hepatic
oxidative stress, because increases of oxidative stress are an essential factor in the
development of secondary lesions of chronic alcoholism (Berr et al. 2001; Henzel,
2004). Chronic ethanol consumption diminishes the level of cellular antioxidants such
as reduced glutathione and renders hepatocytes more susceptible to free radical—
induced injury by means of unimpeded lipid peroxidation. Our results corroborate this
idea because the hepatic GSH level was reduced in the EtH, EtC, and EtCH groups
(Figure 6C). According to these findings, the activity of GST, which is involved in the
metabolism of xenobiotics and also has an important antioxidant function, was
decreased in the EtH and EtCH groups (Figure 6B), showing a partial reduction in the
detoxification capacity of those livers (Lu, 2010; Tiwari and Chopra, 2012). Also, the
enzymatic activity of SOD increased in the presence of ethanol and the HFD (Figure
5A). SOD is highly efficient in the catalytic removal of O, through its dismutation to
H.O, (Tiwari and Chopra, 2012). Increased SOD activity can lead to the production of

toxic levels of H,O, because it is generated from "OH, which is more reactive than
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O,". The increased ‘OH levels could be prevented by Cat, which reduces H;0, to
water. Thus, simultaneous to SOD role, a rise in Cat activity is essential for an overall
beneficial effect and an increased SOD activity (Sathaye et al. 2011). In our study,
the higher SOD activity was not accompanied by changes in Cat activity, which could
promote the accumulation of H,O, and, consequently, an increase in the generation
of "OH. This radical can attack hepatocyte membranes, resulting in a significant
lipoperoxidation. The increased level of LPO that we observed in the livers from both
the EtH and EtCH groups confirmed this hypothesis (Figure 6D).

A larger attack on free fatty acids in the membrane of hepatocytes reduces
mitochondrial activity (Yang, 2000), as observed in our study. Fat accumulation in
hepatocytes is the result of imbalanced fat metabolism, such as decreased
mitochondrial lipid oxidation and enhanced synthesis of triglycerides. Therefore, the
development of hepatic steatosis is associated with increased values of oxidative
stress and structural defects in mitochondria (Sanyal, 2001; Carabelli et al. 2011),
and it impacts mitochondrial respiration (Carabelli et al. 2011). In this work, the
activity of segments of the mitochondrial respiratory chain was analyzed in isolated
hepatic mitochondria, thus accessing the sites in the respiratory chain on which
inhibitions in response to diet occur. Our results show that the oxidation of NADH and
succinate was patrtially inhibited in the WH, EtCH, and EtH groups. Since differences
among the groups were observed, we suggest that both factors, ethanol and HFD,
can influence the inhibition, but with different intesity. This result is consistent with
that of Chacko et al. (2011). Also, the combination of dietary ethanol and HFD seems
to increase this inhibition. In fact, the activities of complexes | and Il were impaired,
and complex | was the most affected. These results suggest that the combination of
ethanol and sunflower seeds in the diet impairs the mitochondria in AHS, contributing
to decreased functioning of the oxidative phosphorylation system and depressed
rates of ATP synthesis.

Despite of the forced ethanol consumption in drinking water of the rats, what
can be pointed as a limitation of the proposal method (Brandon-Warner et al, 2012),
this model was efficient for investigating the AHS. Liver steatosis was successfully
induced in rats after 4 weeks of receiving a diet with 10% ethanol and HFD. The liver
function was modified and the alterations were identified by morphological analysis,

oxidative stress biomarkers, plasmatic parameters, and mitochondrial activity. Thus,
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the combination of ethanol and sunflower seeds produced an interesting and
inexpensive model to study ALD, what can be used as a pathological or

pharmacological tool in this field of investigation.
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3.8 Supplementary Material

3.8.1 Chemical analysis of the chow used in the experiments
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3.8.2 Chemical analysis of the sunflower seeds (peeled) used in the
experiments
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4. CONSIDERACOES FINAIS

Com os resultados obtidos neste trabalho, podemos concluir que:

No modelo proposto, a funcdo hepatica foi modificada e as alteracdes foram
encontradas tanto nas analises morfologicas, pela presenca de tumefacao e
acumulo de lipideos intracelulares, quanto nos biomarcadores de estresse
oxidativo SOD, GST, GSH e LPO, e nos parametros plasmaticos ALT e
colesterol. Igualmente, a atividade mitocondrial hepatica foi inibida nos

complexos | e |l pela dieta com etanol e semente de girassol.

A combinacdo de etanol 10% associado a semente de girassol produz um
modelo de estudo alternativo para a esteatose hepatica alcodlica em ratos,
levando & evolucdo da enfermidade com fidedignidade a doenca em
humanos. Deste modo, o0 modelo servira como uma ferramenta para futuros

estudos mecanisticos e farmacologicos da EHA.
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