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RESUMO

A obesidade hipotaldamica (OH) é uma condigdo severa que ndo apresenta nenhuma terapia
eficaz. Cirurgias bariatricas tém surgido como uma alternativa de tratamento, porém, os
efeitos deste procedimento sdo controversos. No presente trabalho, investigamos os efeitos da
derivacdo duodeno-jejunal (DDJ) sobre o perfil lipidico e sobre a expressdo génica de
proteinas e fatores de transcricdo envolvidos em vias do metabolismo lipidico hepatico em
ratos com OH. Durante os cinco primeiros dias de vida, ratos Wistar neonatos receberam uma
injecdo subcutanea de glutamato monossddico (MSG) [4 g/kg de peso corporal, grupo OH]. O
grupo controle (CTL) recebeu solucdo salina [1,25 g/kg de peso corporal]. Aos 90 dias de
idade, os ratos OH foram aleatoriamente submetidos & pseudo-cirurgia (PC) ou a DDJ,
formando os grupos OH PC e OH DDJ, respectivamente. Seis meses apds a DDJ, foram
verificados, os parametros de obesidade, concentracdo de lipidios e expressdao génica e
proteica no figado. Ratos OH PC apresentaram obesidade, hiperinsulinemia, resisténcia a
insulina, hipertrigliceridemia, concentracdes elevadas de acidos graxos livres (AGL) e do
contetdo de triglicerideo (TG) hepatico. Também, os animais OH PC tiveram aumento na
quantidade de mRNA da acetil-CoA carboxilase (ACC), &cido graxo sintetase (FASN) e
estearoil-CoA desaturase-1 (SCD-1) e da expressao proteica da ACC e FASN no figado. A
expressao génica da carnitina palmitoil-transferase-1a (CPT-1a) e da proteina de transferéncia
de triglicerideos microssomal (MTTP) foram menores no figado do grupo OH PC. A cirurgia
de DDJ normalizou a concentracdo de insulina, AGL e TG séricos e 0 conteldo de TG
hepatico, sem alterar a obesidade nesses animais. Além disso, a DDJ reduziu a expressdo do
mRNA da piruvato quinase hepatica (LPK), ACC, SCD-1, acil-CoA oxidase (ACO) e da

proteina de ligacdo do elemento responsivo a carboidratos (ChREBP). A expressao proteica
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de ACC e FASN foi normalizada em animais OH DDJ. A DDJ reduz a lipogénese de novo e
melhora o contetdo de TG hepatico em ratos OH DDJ, indicando que esta cirurgia é eficiente

na resolucdo da doenca hepatica gordurosa nao alcodlica (DHGNA) na OH.

Palavras-chave: Derivacdo duodeno-jejunal; obesidade hipotalamica; lipogénese de novo;

ratos MSG.
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ABSTRACT

Hypothalamic obesity (HyO) is a severe condition without any effective therapy. Bariatric
operations appear as an alternative treatment, but the effects of this procedure are
controversial. Here, we investigated the effects of duodenal-jejunal bypass (DJB) upon lipid
profile and expression of main genes, protein and transcription factors involved in hepatic
lipid metabolism pathways in HyO rats. During the first 5 days of life, male newborn Wistar
rats received a subcutaneous injection of monosodium glutamate (MSG) [4 g/kg body weight
(BW), HyO group]. Control (CTL) group received saline [1.25 g/kg BW]. At 90 days of age,
HyO rats were randomly submitted to DJB or sham operations forming HyO DJB and HyO
Sham group, respectively. Six months after DJB, obesity parameters, lipids levels, and
expression of genes and protein in the liver were verified. HyO Sham rats displayed obesity,
hyperinsulinemia, insulin resistance, hypertryglyceridemic and presented higher free fatty
acids (FFA) levels and hepatic triglyceride (TG) content. Also, HyO Sham animals enhanced
acetyl-CoA carboxylase (ACC), fatty acid synthase (FASN) and stearoyl-CoA desaturase-1
(SCD-1) mRNA levels and ACC and FASN protein in the liver. Carnitine
palmitoyltransferase-1a (CPT-1a) and microsomal TG transfer protein (MTTP) were down-
regulated in HyO Sham rats. DJB operation normalized serum insulin, TG and FFA levels and
hepatic TG content, without changing obesity in these animals. In addition, DJB reduced
MRNA levels of liver pyruvate kinase (LPK), ACC, SCD-1, acyl-CoA oxidase (ACO) and
carbohydrate response elemento-binding protein (ChREBP). ACC and FASN protein
expression were normalized in HyO DJB animals. DJB reduces de-novo lipogenesis and
improves hepatic TG content in HyO DJB rats, indicating that this surgery is efficient in the

resolution of nonalcoholic fatty liver disease (NAFLD) in HyO.



12

Keywords: Duodenal-jejunal bypass; Hypothalamic obesity; de-novo lipogenesis; MSG rats.



SUMARIO

RESUMO.......ooovivieeieerieseseseeeienineens
ABSTRACT ..o
LISTA DE FIGURAS.......cc.cocoovirernne.
LISTA DE ABREVIATURAS..............
INTRODUGAO.......ccoiveeeeeeeeeen,

REVISAO DE LITERATURA . ..ot
Obesidade € dOENGaS aSSOCIAUAS. .......vevveereieiiiieriiesieeie e e e e e

Metabolismo lipidico hepatico e doencas

ASSOCIAAAS. ...

CIrurgia bariatriCa. . ... ueeiiriiiieeieeie ettt ettt

Cirurgia bariatrica e obesidade hipotalamica.............cooeiiiiiiiiiienceeee,

Modelo animal de obesidade hipotalamiCa.............cvevereiiiiniiisiee e

REFERENCIAS. ..o,
ARTIGO CIENTIFICO.....cccoveveven.
ANEXO A: Normas da revista cientifica

08
10
13
14
16
19
19
22
25
26
28
30
42
74

13



14

LISTADE FIGURAS

Figura 1 — Fatores de transcri¢cdo envolvidos na via lipogénica e de beta-oxidacdo hepatica
(BERLANGA et al., 2014, modificado)...........ccooviiiiiiii e, Pag. 23



LISTA DE ABREVIATURAS

ACC — acetil-CoA carboxilase

ACO - acil-CoA oxidase

AG — écidos graxos

AGCL - acidos graxos de cadeia longa
AGL - acidos graxos livres

apoB — apolipoproteina B

ARC — nucleo arqueado

ATP — adenosina trifosfato

ChREBP - proteina de ligacdo do elemento responsivo a carboidratos
COL - colesterol

CPT — carnitina palmitoil-transferase
CPT-1a - carnitina palmitoil-transferase-1a
CPT-2 — carnitina palmitoil-transferase-2
DDJ — derivacdo duodeno-jejunal

DGYR - derivagdo gastricaem Y de roux
DHGNA — doenca hepética gordurosa ndo alcoolica
DM2 — diabetes mellitus tipo 2

DMN - ndcleo dorsomedial

EHNA — esteato-hepatite

EM — eminéncia mediana

FASN — acido graxo sintetase

FXR — farnesoid X receptor

G1P — glicose-1-fosfato

G3P — gliceraldeido-3-fosfato

G6P — glicose-6-fosfato

GCK - glicoguinase

GH — hormdnio do crescimento

GHRH — hormonio liberador do hormonio do crescimento



GLUT2 — transportador de glicose tipo 2

GS — gastrectomia sleeve

HDL — lipoproteinas de alta densidade

IMC — indice de massa corporal

LDL - lipoproteinas de baixa densidade

LH — hipotalamo lateral

LPK — piruvato quinase hepatica

LXR — receptor X do figado

MSG - glutamato monossddico

MTTP — proteina de transferéncia de triglicerideos microssomal
NADPH — fosfato de dinucleotideo de nicotinamida e adenina
NPY — neuropeptideo Y

PPAR-a — receptor ativado pelo proliferador de peroxissoma-a
PVN — nucleos paraventriculares

RI — resisténcia a insulina

SCD-1 — estearoil-CoA desaturase-1

SM — sindrome metabdlica

SNC - sistema nervoso central

SNP — sistema nervoso parassimpatico

SREBP-1c — proteina de ligacdo do elemento regulador de esterol-1c
SUS — Sistema Unico de Sadde

TCA — ciclo do &cido tricarboxilico

TG — triglicerideos

TyG - triglicerideo-glicose

VLDL - lipoproteinas de densidade muito baixa

VVMH - hipotalamo ventromedial

WHO — World Health Organization

16



17

INTRODUCAO

A obesidade pode ser conceituada como uma doenca metabdlica onde o individuo
apresenta um acumulo excessivo de gordura corporal, generalizada ou localizada, que leva a
um comprometimento da saide do mesmo (LUZ; ENCARNACAO, 2008). Segundo a World
Health Organization (WHO), em 2008, mais de 200 milhdes de homens e quase 300 milhdes
de mulheres estavam obesos e aproximadamente 1,5 bilhdes de adultos apresentavam
sobrepeso em todo o mundo (WHO, 2014). No Brasil, cerca de 39% da populacao
apresentavam sobrepeso e obesidade nessa mesma época (TARASTCHUK et al., 2008). J&
em 2013, 17,5% da populacéo brasileira apresentavam obesidade e 50,8% estavam acima do
peso (BRASIL, 2013). Dessa forma, estudos populacionais tem considerado a obesidade
como um problema de Saude Publica, visto que seu predominio ocorre em paises
desenvolvidos e em desenvolvimento e atinge individuos em diversas faixas etarias
(CARVALHO, 2008).

Fatores genéticos, metabdlicos, enddcrinos, neurais, ambientais entre outros, estdo
relacionados com a génese da obesidade (MOLINATTI; LIMONE, 1992). A facilidade de
transportes e 0 avanco da tecnologia provocaram uma reducdo na atividade fisica que, quando
associados a um comportamento alimentar inadequado, auxiliam no desenvolvimento desta
sindrome (TAUBES, 1998). O sistema nervoso central (SNC) desempenha um papel de
extrema importancia nos mecanismos que controlam o peso corporal através de regides
hipotalamicas especificas (DOLNIKOFF et al., 1988). Lesbes nestas areas podem provocar
alteragcBes metabodlicas e enddcrinas levando a um tipo de obesidade denominada de obesidade
hipotalamica (HOCHBERG; HOCHBERG, 2010).

Pacientes com obesidade hipotalamica apresentam deficiéncia na secrecdo de um ou
mais hormonios hipofisarios (KARAVITAKI et al., 2006; MULLER, 2008), desequilibrio nos
neurotransmissores orexigenos e anorexigenos hipotalamicos (LEE; KORNER, 2009),
acumulo excessivo de gordura, hiperfagia, hiperleptinemia, reducdo do tdnus simpético e
aumento do parassimpéatico (HOCHBERG; HOCHBERG, 2010). A atividade desregulada do

sistema nervoso parassimpatico (SNP), na obesidade hipotalamica, envolve um aumento na
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estimulacdo vagal das células B, levando a uma hipersecrecdo de insulina (LUSTIG, 2008;
LUSTIG, 2011).

Independente da sua causa, as consequéncias da obesidade podem levar a outras
desordens no metabolismo incluindo o diabetes mellitus tipo 2 (DM2), dislipidemias,
hipertensdo arterial, doencas cardiovasculares e cerebrais, certos tipos de canceres, doencas
respiratrias e osteoarticulares (SOWERS, 1998; WALLEY; BLAKEMORE; FROGUEL,
2006). A associacdo entre a obesidade e essas alteracdes metabdlicas se da atraves de um fator
comum denominado resisténcia a insulina (RI) (VASQUES et al., 2009) e o desenvolvimento
de tais patologias concomitantemente caracteriza a sindrome metabdlica (SM). Outra
caracteristica da SM € o acumulo de gordura nos hepatécitos devido o estado obeso, que
guando ocorre em excesso origina a doenca hepatica gordurosa ndo alcoolica (DHGNA).
Segundo Angulo (2002), a DHGNA pode estar presente em 74% dos adultos obesos e é
considerada a principal causa de morbimortalidade relacionada a doengas hepaticas.

Para o tratamento de tais doencas, sdo propostas mudancas no estilo de vida
relacionado a dieta saudavel e pratica de exercicios, porém, quando essas alteracdes ndo
demonstram resultados satisfatorios outros meios de intervencdo devem ser utilizados como o
medicamentoso ou cirdrgico (YANG; PARK; SONG, 2002; RIBEIRO; OLIVEIRA;
MELLO, 2007). Estudos demonstram que a cirurgia bariatrica pode diminuir a morbidade da
obesidade em até 40% e reduzir os riscos de doencas associadas (SJOSTROM et al., 2004).
Com base no tipo de procedimento cirurgico ela pode ser dividida em categorias, sendo
classificada como: restritiva, disabsortiva ou mista. A derivacao duodeno-jejunal (DDJ) é um
tipo de cirurgia bariatrica disabsortiva, que tem por objetivo desviar parte do intestino
proximal a fim de diminuir a absorcéo dos alimentos (RUNKEL et al., 2011).

A DDJ em ratos obesos pré-diabéticos reduz o contetdo de gordura hepatico
(ARAUJO et al., 2012), a concentracao de triglicerideos (TG) sérico e hepatico e o indice
triglicerideo-glicose (TyG), bem como diminui a esteatose hepatica (EBERTZ et al., 2014).
Em ratos diabéticos obesos a DDJ promoveu reducdo de TG sérico e hepatico, bem como
diminuicdo da expressdo proteica de fatores de transcricdo e enzimas reguladoras da
lipogénese de novo (HAN et al., 2014). A DDJ em ratos diabéticos ndo obesos promoveu
reducdo da concentracdo de TG, colesterol (COL) total e &cidos graxos livres (AGL) de
jejum, oito semanas apos a cirurgia, bem como diminuiu a esteatose hepatica, balonizacédo e
inflamacdo dos hepatdcitos (KASHIKARA et al., 2014), e na 122 semana de p0Os-operatorio
reduziu TG e AGL (HU et al., 2013).
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Existem poucos estudos na literatura demonstrando o efeito das cirurgias bariatricas na
obesidade hipotaldmica e estes estudos s@o controversos, demonstrando que a cirurgia
bariatrica pode ser benéfica na obesidade hipotalamica (INGE et al., 2007; SCHULTES et al.,
2009; BRETAULT etal.; 2013; GATTA et al., 2013) ou ndo (WEISMANN et al., 2013). Para
mimetizar a obesidade hipotalamica, 0 modelo de obesidade induzido por lesdes quimicas
pela administracdo de glutamato monossodico (MSG) é amplamente utilizado. O MSG
quando administrado no periodo neonatal provoca lesbes hipotalamicas em regibes
especificas que levam ao desenvolvimento da obesidade (OLNEY, 1969) e co-morbidades
associadas semelhantes em humanos. Nosso grupo de pesquisa recentemente publicou um
artigo onde foi demonstrado o efeito da DDJ em ratos com obesidade hipotalamica dois meses
apos o procedimento cirdrgico. Observou-se que a DDJ ndo alterou a adiposidade, porém,
melhorou a insulinemia, a RI no figado e a secrecdo de insulina. Com relacdo ao metabolismo
lipidico foi demonstrado que a DDJ melhora a concentragdo de TG plasmaéticos sem alterar o
contetdo hepético deste lipidio (BONFLEUR et al., 2014).

Considerando que existem poucos estudos que demonstram o efeito da DDJ sobre o
perfil lipidico na obesidade e que os resultados apresentados até hoje sdo controversos; que 0
tempo apos a cirurgia € um fator importante para avaliacdo das alteracdes no metabolismo
lipidico; que demonstramos que a DDJ tem efeito sobre a obesidade hipotalamica em ratos;
propomos o presente trabalho para responder o seguinte questionamento: Quais os efeitos da
DDJ, seis meses apds o procedimento cirdrgico, sobre a homeostase lipidica em ratos com

obesidade hipotalamica?
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REVISAO DE LITERATURA

Obesidade e doencas associadas

Desde a pré-histdria a obesidade esteve presente nos seres humanos, sendo vista como
simbolo de beleza e fertilidade. No periodo neolitico, as “deusas” eram cultuadas por seus
quadris, coxas e mamas volumosas. Entretanto, nesta mesma época, Hipdcrates (médico
greco-romano) ja alertava em seus manuscritos para os perigos que a obesidade oferecia para
a saude, afirmando que individuos gordos apresentavam maior chance de morte subita que
individuos magros. J& Galeno, afirmava que a obesidade era consequéncia da falta de
disciplina do individuo (CUNHA; NETO; JUNIOR, 2006).

Nas Gltimas décadas a obesidade alcancou propor¢fes alarmantes, principalmente em
paises desenvolvidos e em desenvolvimento, atingindo individuos de todas as idades. O fato
deste aumento ocorrer em todas as faixas etarias demonstra a importancia da adogdo de
medidas de prevencdo, controle e tratamento de doencas ndo transmissiveis. No Brasil,
politicas de salde que visam o combate a obesidade infantil, como o Programa Salde na
Escola, Programa Nacional de Alimentacdo Escolar, regulamentacdo dos alimentos
comercializados nas cantinas escolares, entre outras medidas, tem demonstrado influéncia na
salde desde a infancia até a vida adulta. O impacto de uma intervencdo de promocéo a saide
certamente podera refletir nos gastos do Sistema Unico de Satde (SUS) em relacdo as
enfermidades e mortes evitaveis, na melhoria da qualidade de vida da populacdo e na
compreensdo de que manter a salde € uma tarefa que exige um esforco em conjunto,
mobilizando o individuo, a comunidade, o governo e as diversas areas do conhecimento
(REIS; VASCONCELOS; BARROS, 2011).

A obesidade é uma doenca caracterizada pelo acimulo anormal ou excessivo de
gordura, proveniente de um desequilibrio energético entre 0 consumo e o gasto de calorias.
Quando a quantidade de energia gasta € menor do que a quantidade consumida o individuo
passa a apresentar um quadro de balango energético positivo, que é considerado um
determinante imediato da obesidade visto que resulta em um ganho de peso. A obesidade
pode ser estimada através da utilizacdo do indice de massa corporal (IMC), onde o célculo

realizado se d4 através da relacdo entre peso e estatura, expresso em Kg/m? sendo que um
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resultado superior ou igual a 30 Kg/m? indica obesidade (WHO, 2014). Diversos fatores estéo
envolvidos com o desenvolvimento da obesidade, como fatores genéticos, ambientais, neurais
etc. (MOLINATTI; LIMONE, 1992). Cerca de 80% dos individuos que possuem historico de
obesidade entre os pais tendem a apresentar esse mesmo quadro, podendo esse fato estar
intimamente ligado aos hébitos de vida daquela familia, além da possivel relacdo genética
(GIGANTE et al., 2004).

Alteracdes no estilo de vida e no ambiente também contribuem para o aumento do
sobrepeso e obesidade. A progressdo da demanda populacional urbana, a insercdo da mulher
no mercado de trabalho, o processo de industrializacdo dos alimentos, a diminuicdo do
esforco fisico e gasto energético no trabalho e na rotina diaria caracterizam alteragdes de
ordem demogréfica, cultural, politica e econdmica, destacando entdo a importancia das
modificacdes de carater social no ambiente (GIGANTE et al., 2004).

O SNC desempenha um papel de extrema importancia nos mecanismos que controlam
0 peso corporal através de areas hipotalamicas, tais como hipotalamo ventromedial (VMH) e
hipotdlamo lateral (LH). Outras &areas atuam em conjunto para esta regulacdo, como
eminéncia mediana (EM), nucleos paraventriculares (PVN), dorsomedial (DMN) e arqueado
(ARC) (DOLNIKOFF et al., 1988). LesGes nestas areas, causadas por leucemia, traumatismo
craniano, craniofaringeoma, alteragdes vasculares, meningites, entre outras (SOUZA et al.,
2001), podem provocar alteragdes no controle do peso corporal levando a um tipo de
obesidade enddgena denominada de obesidade hipotalamica (INGE et al., 2007; SCHULTES
et al., 2009; KRYSIAK et al., 2010). Como consequéncia dessa doenca, ocorrem alteracGes
no funcionamento do sistema nervoso autonémico e alteracfes de ordem metabdlica levando
aos quadros de hiperfagia e hiperinsulinemia. As consequéncias dessas lesdes levam a
prejuizos na homeostase energética visto que o individuo passa a apresentar um desequilibrio
na acdo dos neurotransmissores orexigenos e anorexigenos caracterizando uma disfuncéo na
sinalizacdo pelo hipotalamo (LEE; KORNER, 2009).

Independente dos fatores responsaveis pelo seu desenvolvimento, as consequéncias do
estado obeso podem levar a outras desordens no metabolismo como as dislipidemias,
intolerdncia a glicose, DM2, estados inflamatorios, problemas cardiovasculares (SOWERS,
1998), entre outros, caracterizando a SM. Essas alteragcbes encontradas na SM estéo
interligadas através de diferentes mecanismos, porém, apresentam um mediador fundamental,
em comum, denominado de RI, caracterizado por uma resposta anormal dos tecidos
periféricos a acdo deste hormonio circulante (VASQUES et al., 2009). De forma direta ou

indireta, a RI contribui para o aparecimento de trés principais anormalidades no metabolismo
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lipidico em pacientes diabéticos: hipertrigliceridemia, altas concentragdes de lipoproteinas de
baixa densidade (LDL) e baixas concentracGes de lipoproteinas de alta densidade (HDL)
(SBC, 2007). Em situacdes fisiologicas a gordura (TG) € armazenada no tecido adiposo,
porém, com o desenvolvimento da obesidade, esse armazenamento se torna prejudicado ou
insuficiente fazendo com que a gordura seja depositada em outros 6rgaos, como por exemplo,
o figado (GUILHERME et al., 2008). Quando esse depdsito de gordura nos hepatdcitos
ocorre em excesso, caracteriza a DHGNA (ANGULO, 2002).

Metabolismo lipidico hepético e doencas associadas

O figado é considerado um 6rgdo chave no controle do metabolismo lipidico, atua
direcionando as gorduras com base nas condi¢cBes hormonais e metabdlicas dos individuos
fornecendo para os tecidos periféricos o substrato energético necessario (SPASSIANI; KUK,
2008). Dessa forma, as gorduras podem ser armazenadas (GIBBONS; ISLAM; PEASE, 2000),
oxidadas para a producdo de adenosina trifosfato (ATP) (NGUYEN et al.,, 2008) ou
encaminhadas para os tecidos periféricos pelas lipoproteinas de densidade muito baixa (VLDL),
sendo utilizadas pelo musculo esquelético e armazenadas pelo tecido adiposo (DURSTINE et
al., 2002).

Apos a digestdo dos alimentos, os metabolitos chegam até o figado através do sistema
porta-hepatico. A glicose é captada pelos hepatdcitos através dos transportadores de glicose
tipo 2 (GLUT?2), e fosforilada pela enzima glicoquinase (GCK) gerando glicose-6-fosfato
(G6P). A G6P pode ser convertida em glicose-1-fosfato (G1P) que é adicionada as cadeias de
glicogénio através da enzima glicogénio sintase (RUI, 2014). Uma vez que a quantidade de
armazenamento de glicogénio é alcangada, o0 excesso de glicose é redirecionado para sintese
de &cidos graxos (AG), em um processo denominado de lipogénese de novo hepatica.

Na lipogénese de novo a glicose entra no fluxo glicolitico gerando gliceraldeido-3-
fosfato (G3P), fosfoenolpiruvato e piruvato. A piruvato quinase hepatica (LPK) é considerada
uma enzima glicolitica chave nesse processo (YAMASHITA et al., 2001). O piruvato é
oxidado e gera acetil-CoA o qual entra no ciclo do acido tricarboxilico (TCA) na mitocdndria
gerando citrato. A alta concentracdo de ATP e fosfato de dinucleotideo de nicotinamida e
adenina (NADPH) no estado alimentado inibe a progressdo do citrato no TCA, promovendo
acumulo intramitocondrial desse metabolito. O citrato é ent&o transportado para o citoplasma
onde é convertido a Acetil-CoA. A enzima acetil-CoA carboxilase (ACC) transforma acetil-
CoA em malonil-CoA, que por sua vez € transformado em acido palmitico, através da enzima

acido graxo sintetase (FASN). O &cido palmitico pode ser desaturado pela enzima estearoil-
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CoA desaturase-1 (SCD-1), formando AG insaturados (FABBRINI; SULLIVAN; KLEIN,
2010; BECHMANN et al., 2012; KAWANO; COHEN, 2013). O &cido palmitico e os AG
insaturados sdo esterificados com o G3P para formacdo de TG. Em condigdes fisiologicas
normais os TG ndo sdo armazenados no figado em grandes quantidades, sdo transportados
para o tecido adiposo.

Os TG hepéticos provenientes da sintese de novo ou da dieta, sdo transportados ao
tecido adiposo pelas VLDL. Essa particulas sdo ricas em uma apoproteina denominada de
apolipoproteina B (apoB) (HUSSAIN; NIJSTAD; FRANCESCHINI, 2011). No reticulo
endoplasmatico a proteina de transferéncia de triglicerideos microssomal (MTTP) realiza a
transferéncia de fosfolipidios, TG, COL livre e ésteres de COL para a apo B dando origem a
particula de VLDL (SPARKS; SPARKS, 2008). A MTTP pode ser regulada por horménios e
macronutrientes, ocorrendo em niveis transcricionais, pos-transcricionais e pos-translacionais
(HUSSAIN; NIJSTAD; FRANCESCHINI, 2011). Por exemplo, a insulina reduz a transcrigédo
do gene da MTTP em células hepéticas e consequentemente hd uma menor secrecdo de
VLDL visto que sua producdo é dependente de MTTP (HAGAN et al., 1994).

O figado utiliza acidos graxos de cadeia longa (AGCL) para manutencdo das
quantidades de ATP necessario (MURTHY; PANDE, 1994). A beta-oxidacdo € a via de
oxidacdo de AGCL mais importante no figado, podendo ocorrer via mitocondrial ou
peroxissomal (LIMA et al., 2005). Os mecanismos de oxidacdo em ambas as estruturas séo
semelhantes, diferindo apenas no tipo de AG que serd oxidado pela mitocéndria (AG
derivados dieta) ou pelo peroxissomo (conjunto diferente de AG e seus derivados). Na beta-
oxidacdo peroxissomica a enzima acil-CoA oxidase (ACO) catalisa o0s primeiros e
determinantes passos desse processo (WANDERS, 2004). J& na oxidacdo mitocondrial, para
gue os AG permeiem a membrana da mitocdndria se faz necessario a ativacdo de um
complexo enzimatico denominado de carnitina palmitoil-transferase (CPT). O complexo CPT
é formado por duas proteinas (CPT-1a e CPT-2) e de maneira geral conduz os AGCL pelas
membranas da mitocéndria a fim de serem encaminhados a beta-oxidagdo (LIRA et al., 2010).
A proteina CPT-1a se localiza na membrana externa da mitocéndria e € uma proteina integral
de membrana responsavel pela conversdo de acil-CoA em acil-carnitina. Ja a CPT-2 é uma
proteina periférica presente no lado interno da mitocondria e realiza 0 processo inverso ao da
CPT-1la (KERNER; HOPPEL, 2000). Dessa forma, os AGCL conseguem ser transferidos de
forma efetiva para a matriz mitocondrial para sofrerem o processo de beta-oxidagdo. Durante a

formacdo de AG através da acdo da ACC ocorre & geragdo de um produto denominado de
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malonil-CoA que pode inibir o sitio de ligacdo da CPT-la impedindo a beta-oxidacao
(WITTERS et al.,1988)

Fatores de transcricdo regulam a expressdao dos genes envolvidos com o processo de
lipogénese e beta-oxidagdo hepatica . A proteina de ligacdo do elemento regulador de esterol-1c
(SREBP-1c) é o principal regulador da lipogénese (SHIMANO, 2001; HORTON;
GOLDSTEIN; BROWN, 2002). Estudos ttm demonstrado que a insulina ativa 0 SREBP-1c que
por sua vez estimula a transcricdo dos genes lipogénicos (ACC, FASN e SCD-1) e estimula a
lipogénese hepética (FORETZ et al., 1999; SHIMOMURA et al., 1999; AZZOUT-MARNICHE
et al., 2000). Recentemente foi identificada a proteina de ligacdo do elemento responsivo a
carboidratos (ChREBP) que responde a estimulos mediados pela glicose aumentando sua
transcricao, independente da insulina, induzindo a expressao de genes glicoliticos (LPK, G6P
e GCK) e genes lipogénicos (DENTIN et al., 2004; ISHII et al., 2004). O receptor X do
figado (LXR), ativa a transcricdo direta dos genes lipogénicos via ChREBP, e indiretamente
através da SREBP-1c (CHA; REPA, 2007). Outro membro da familia de receptores X € o
farnesoid X receptor (FXR), importante regulador na homeostase glicémica e lipidica no
figado (FORMAN et al., 1995; LU et al., 2000; ZHANG; KAST-WOELBERN; EDWARDS,
2003). Sua ativacao realiza a reducdo de TG por diversos mecanismos, sendo 0s principais:
reducdo da expressdo de SREBP-1c e LXR, com consequente reducdo da lipogénese e
inducdo da beta-oxidacdo através do aumento da expressdo do receptor ativado pelo
proliferador de peroxissomas-a (PPAR-a) (MODICA; GADALETA; MOSCHETTA, 2010;
TEODORO; ROLO; PALMEIRA, 2011).
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Figura 1 - Fatores de transcri¢do envolvidos na via lipogénica e de beta-oxidagdo hepatica (BERLANGA et al.,
2014, modificado).

AlteracBes nos processos descritos acima, que levam a um desequilibrio na captacéo e
eliminacdo de TG nos hepatdcitos, podem levar a um acumulo de TG no citoplasma. Isso
pode ocorrer devido as seguintes situacdes: 1) aumento da absorcdo de AG da circulacdo, que
sdo provenientes de uma dieta altamente calorica ou da lipolise do tecido adiposo; 2) sintese
de novo AG pela ativagdo da via lipogénica; 3) diminuicdo da beta-oxidacdo de AG e 4)
diminuicdo da secrecdo hepatica de VLDL (BERLANGA et al., 2014).

Esse excesso de gordura hepatica em individuos que ndo apresentam histérico de
consumo abusivo de alcool caracterizaa DHGNA (ANGULO, 2002). A DHGNA inclui desde
uma simples esteatose hepatica, onde o individuo apresenta acimulo de gordura, até uma
esteato-hepatite (EHNA), onde além do acimulo citado anteriormente h& a presenca de
inflamacdo e degeneracdo hepatocelular, muitas vezes podendo ser acompanhada do
aparecimento de fibrose e podendo evoluir para a cirrose hepética e carcinoma hepatocelular
(COHEN; HORTON; HOBBS, 2011).

A patogénese da DHGNA/EHNA ¢é explicada pela hipbtese de two-hit onde no
primeiro hit hd o acimulo de gordura nos hepatocitos devido a alguns mecanismos que levam
a maior importacao ou sintese de AG quando comparado com a exportacdo ou degradacdo dos
mesmos (ANSTEE; GOLDIN, 2006). O segundo hit é caracterizado pela presenca de
inflamacdo e fibrose que pode ocorrer no figado sensibilizado pela esteatose por diversos
estimulos que envolvem a acdo de citocinas pré-inflamatdrias, estresse oxidativo, e outros

mecanismos relacionados com o excesso de lipidios nesse 6rgao (DAY; JAMES, 1998).

Segundo hit

Estresse oxidativo
Peroxidagao lipidica
Citocinas
PI'ImEII"O hlt Ad]pomnas

Acumulo lipidios " Disfung¢do mitocondrial

Figado normal Esteatose Esteato-hepatite

Figura 2 — Hipdtese de two-hit (TEVAR et al., 2010, modificado).



26

Cirurgia bariatrica

A fim de reverter o estado da obesidade e as sindromes associadas a ele, séo utilizadas
diferentes estratégias como dietas com restricdo calorica, administracdo de medicamentos e
cirurgias metabolicas e/ou bariatricas. Entre todas essas estratégias a utilizacdo da cirurgia
tem se mostrado mais efetiva (RUBINO; GAGNER, 2002; ZIMMET et al., 2011). Foi
demonstrado por Adams et al. (2007) que as cirurgias bariatricas levam a uma melhora nas
doencas associadas a obesidade, bem como diminuem em até 40% a morbidade em pacientes
obesos a longo prazo (SJOSTROM et al., 2004). A indicagdo da cirurgia se da com base no
IMC do individuo; se este for superior a 40 Kg/m2 ou entre 35 e 40 Kg/m2 com presenca de
outras disfungdes associadas a obesidade que ndo conseguiram ser solucionadas pelos
métodos convencionais (BUCHWALD; WILLIAMS, 2004).

As cirurgias bariatricas sao classificadas, de acordo com o procedimento cirdrgico, em
restritivas, disabsortivas e mistas (FANDINO et al., 2004). Os procedimentos restritivos estio
relacionados com uma redugdo no tamanho do estdmago e consequente limitacdo na
quantidade de alimentos que podem ser consumidos. Entre estes procedimentos destaca-se a
gastroplastia vertical, a banda gastrica ajustavel laparoscopica e a gastrectomia vertical. Nos
procedimentos disabsortivos, ocorre um desvio de um segmento do intestino delgado para que
a absorcdo ocorra em menor proporcdo. Neste procedimento destacam-se as cirurgias de
derivacdo biliopancreatica com ou sem a bolsa duodenal. Nos procedimentos mistos ou
hibridos, ha a restricdo do consumo alimentar juntamente com uma menor absorcéo devido ao
desvio de pequena parte do intestino. A cirurgia mais conhecida desse grupo é a derivacdo
gastrica em Y de Roux (DGYR) (RUNKEL et al., 2011). Outro procedimento de cirurgia
bariatrica experimental que vém se destacando € a DDJ. Nessa cirurgia ndo ha alteracdes
restritivas no estbmago, somente alteragdes na absorcdo de nutrientes visto que ocorre uma
exclusdo do duodeno e de parte inicial do jejuno (RUBINO; MARESCAUX, 2004; RUBINO
et al., 2006; KINDEL et al., 2010).

A DDJ promove melhora da homeostase glicémica antes das alteracdes no peso
corporal, em animais diabéticos (RUBINO; MARESCAUX, 2004; RUBINO et al., 2006;
BREEN et al.,, 2012; HU et al., 2013; JUROWICH et al., 2013) e animais obesos pré-
diabéticos (ARAUJO et al., 2012). Estudos também demonstram que a DDJ apresenta efeitos
sobre o metabolismo lipidico. A DDJ normalizou o conteudo de gordura hepatico (ARAUJO
et al.,, 2012; EBERTZ et al., 2014) e a concentragdo de TG sérico (EBERTZ et al., 2014) em
ratos obesos pré-diabéticos, dois meses ap6s 0 procedimento cirdrgico. Em ratos diabéticos

nédo obesos, a DDJ promoveu reducdo da concentragdo de TG, COL total e AGL de jejum oito
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semanas apos a cirurgia (KASHIKARA et al., 2014), bem como, diminui¢éo de TG e AGL na
122 semana de pos-operatério (HU et al., 2013). Ratos diabéticos obesos no periodo de oito
semanas apds a cirurgia demonstraram melhora no perfil lipidico caracterizado pela
diminuicdo de TG sérico e hepatico, bem como reducdo da expressao proteica de fatores de
transcricdo e enzimas reguladoras da lipogénese (HAN et al., 2014). Recentemente, em um
estudo com animais com obesidade hipotalamcia, foi verificado que, dois meses apos o
procedimento de DDJ, ocorreu melhora no perfil lipidico com normalizacdo de TG e COL
total de jejum (BONFLEUR et al., 2014).

Com relacdo ao impacto da DDJ sobre a esteatose hepética, foi demonstrado
recentente em ratos obesos pré-diabéticos, que a cirurgia levou a uma melhora nesse
parametro, visto que com oito semanas de pos-operatorio 30% dos animais ndo apresentavam
mais 0 acumulo de gordura (EBERTZ et al., 2014). Em outro estudo, analisando 0 mesmo
periodo, foi verificado apds a DDJ o desaparecimento total das lesdes hepaéticas, incluindo a
esteatose, balonizacdo hepatocelular e inflamacdo em animais diabéticos induzidos por
modificacdo genética (KASHIKARA et al., 2014).

wii

Figura 3 — Cirurgia bariatrica de derivacdo duodeno-jejunal (RUBINO; MARESCAUX, 2004).

Cirurgia bariatrica e obesidade hipotalamica
O tratamento habitual da obesidade estd relacionado com a restricdo calorica e o

aumento da atividade fisica, porém, essas medidas parecem ser ineficazes para o tratamento
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da obesidade hipotalamica (BRAY; GALLAGHER, 1975). A terapia medicamentosa também
tem sido utilizada para esse fim, com énfase no tratamento simpaticomimético e utilizagao de
analogos da somatostatina, entretanto tem sugerido apenas resultados parciais e questionaveis
(MOLLOY et al.,, 1998; HOCHBERG; HOCHBERG, 2010). A cirurgia bariatrica tem
surgido como outra opcdo de tratatamento devido a sua eficacia na obesidade exdgena,
porém, na obesidade hipotalamica seus resultados precisam ser mais bem investigados
(GATTA et al.,, 2013) devido a escassez e controvérsia dos achados na literatura, como
descrito abaixo.

Apo6s cirurgia de banda géstrica ajustavel laparoscopica, realizada em quatro
individuos com obesidade hipotalamica, foi observado reducdo da ingestdo alimentar e
diminuicdo lenta do IMC (MULLER et al., 2007). A utilizacdo da cirurgia de DGYR
associada com uma vagotomia troncular anterior foi eficaz na diminuicdo do peso corporal,
melhora na concentracdo de TG sérico e diminui¢do da hiperfagia em um jovem do sexo
masculino, apresentando uma manutencdo dessa melhora até dois anos e meio apds o
procedimento (INGE et al., 2007). Outro paciente adulto do sexo masculino foi submetido a
DGYR distal e dezoito meses ap0s a cirurgia verificou-se a reducdo do IMC e remissao total
do DM2 nesse individuo (SCHULTES et al., 2009).

Rottembourg et al. (2009), demonstraram o efeito da cirurgia em adolescentes
portadores de obesidade hipotaldmica de ambos os sexos. Na adolescente do sexo feminino
foi realizado o procedimento DGYR e ap6s quatro anos pode-se verificar perda de peso e
normalizacdo do quadro de dislipidemia. No jovem do sexo masculino foi realizado o desvio
biliopancreatico com bolsa duodenal e observado uma diminuicdo no IMC dois anos ap6s a
cirurgia. Em um estudo de caso realizado com uma paciente do sexo feminino, foi observada
reducdo do peso corporal aos nove meses apos a realizacdo da DGYR que se manteve estavel
até os dezenove meses de pds-operatorio (PAGE-WILSON et al., 2012).

Outro estudo realizado com quatro individuos utilizou-se das técnicas de gastrectomia
sleeve (GS) (2 pacientes) e DGYR (2 pacientes). Pode-se observar, trinta meses apds o
procedimento cirargico, reducdo do IMC nos pacientes submetidos a GS, bem como em um
dos pacientes submetidos a DGYR na 48° semana de p6s-operatério. O outro paciente que foi
submetido a DGYR apresentou aumento no IMC que ndo foi contornado até sessenta e quatro
meses apos o procedimento (GATTA et al., 2013).

Weismann e colaboradores (2013) demonstraram o efeito da cirurgia bariatrica sobre o
peso corporal em individuos portadores de obesidade hipotalamica. Nesse estudo, 9 pacientes

foram submetidos a trés procedimentos cirurgicos diferentes, sendo eles: banda gastrica
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ajustavel laparoscapica (6 pacientes); GS (2 pacientes) e DGYR (1 paciente). Dos 6 pacientes
submetidos a banda géastrica, 3 foram operados novamente devido a ineficacia da cirurgia,
sendo que 1 passou pelo procedimento de DGYR e outros 2 por GS. Os pacientes foram
acompanhados por um periodo medio de trés a cinco anos apds as cirurgias e demonstrou-se
que os individuos submetidos a banda gastrica e a GS ndo tiveram alteracdo do peso corporal.
Em contrapartida, a DGYR levou a reducdo do peso corporal que foi mantida durante todo o
periodo anteriormente citado. Desta forma, observa-se que existe na literatura controvérsias

sobre a eficécia das cirurgias bariatricas em pacientes portadores de obesidade hipotalamica.

Modelo animal de obesidade hipotalamica

Para estudarmos os mecanismos fisiopatoldgicos associados com a obesidade
hipotalamica, roedores sdo submetidos ao tratamento neonatal com MSG, o qual promove
lesBes quimicas em regides especificas do hipotalamo como a EM (OLNEY, 1969) e ARC
(NAGATA et al., 2006). Durante o periodo neonatal a barreira hematoencefalica ainda ndo se
encontra totalmente desenvolvida, o que facilita o acesso da substdncia ao SNC
(CESARETTI; KOBLMANN-JUNIOR, 2006).

A administracdo de MSG leva ao surgimento de distdrbios enddcrinos e metabolicos
levando ao desenvolvimento da obesidade. As lesbes hipotalamicas levam a reducdo da
secre¢do do horménio liberador do hormoénio do crescimento (GHRH) (SASAKI; KAWAI,
OHTA, 1994) e consequente reducdo da concentracdo de horménio do crescimento (GH)
circulante (MAITER et al., 1991). Consequentemente, ocorre reducdo do peso corporal, da
massa muscular e da maioria dos érgdos (HAMAOKA; KUSUNOKI, 1986), bem como
reducdo no comprimento e desenvolvimento impréprio do esqueleto nesses animais (IWASE
et al., 2000). Apresentam ainda diminuida capacidade termogénica do tecido adiposo marrom
(REMKE; WILSDORF; MULLER, 1988). Ratos obesos-MSG apresentam diminuicdo na
concentracdo de neuropeptidio Y (NPY) em varias areas hipotalamicas (MORRIS et al.,
1998) e em contrapartida alta concentracdo de leptina circulante (DAWSON et al., 1997),
além de apresentar altas concentragdes de corticosterona (RIBEIRO et al.., 1997; RIBEIRO et
al., 2013).

A ineficiéncia na mobilizacdo de gordura nesses animais contribui para a obesidade
(SOUZA et al., 2001) que se desenvolve apresentando normo ou hipofagia (HIRATA et al.,
1997). Além disso, sdo evidentes sintomas relacionados ao DM2, como Rl (BALBO et al.,
2007) e normo ou moderada glicemia (NAGATA et al., 2006). Pode-se observar também,

alteracdes relacionadas ao metabolismo lipidico, onde ha aumento da concentracdo de TG
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(NARDELLI et al.,, 2010) e VLDL no plasma (OIDA et al., 1984). Camundongos MSG
apresentam esteatose hepatica, bem como alteracbes no figado que se assemelham as
encontradas em humanos com EHNA (SASAKI et al., 2009).

Praticamente todas as alteracdes acima citadas no modelo MSG sdo encontradas em
pacientes com obesidade hipotalamica, sendo assim, um bom modelo para se estudar essa

sindrome.
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Abstract

Background & Aims: Here, we investigated the effects of duodeno-jejunal bypass (DJB) upon
lipid profile and expression of genes and proteins, involved in the regulation of hepatic lipid
metabolism, in hypothalamic obese (HyO) rats. Methods: During the first 5 days of life, male
newborn Wistar rats received subcutaneous injections of monosodium glutamate [4 g/kg body
weight (BW), HyO group] or saline (control, CTL group). At 90 days of life, HyO rats were
randomly submitted to DJB (HyO DJB) or Sham-operations (HyO Sham group). Six months
after DJB, adiposity, hepatic steatosis and lipid metabolism were verified. Results: HyO Sham
rats were obese, hyperinsulinemic, insulin resistant and dyslipidemic. These rats had higher
content of trygliceride (TG) in the liver with disorganization of the hepatocyte structures.
These effects are associated with higher content of hepatic acetyl-CoA carboxylase (ACC),
fatty acid synthase (FASN), and stearoyl-CoA desaturase-1 (SCD-1) mRNAs and protein in
HyO rats. DJB surgery normalized insulinemia, insulin resistance, and TG and NEFA levels
in the serum of HyO rats. TG content in the liver and the hepatic microscopic structures were
also normalized in HyO DJB rats. The bariatric procedure decreased the expression of ACC
and FASN proteins in the liver of HyO. Conclusions: The amelioration in hepatic steatosis,
induced by DJB, was manifested as a late effect in HyO rats, and is in part associated with
downregulation of the hepatic de novo lipogenesis processes, indicating that DJB protects
against nonalcoholic fatty liver disease (NAFLD), in hypothalamic obesity.

Keywords: Bariatric surgery; de novo lipogenesis; monosodium glutamate; nonalcoholic

fatty liver disease (NAFLD).

Key points:
e Hypothalamic obesity is characterized by morbid adiposity and several comorbidities,

such as NAFLD; however life style modifications and traditional pharmacotherapies
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are not effective against this syndrome. Also, bariatric surgeries demonstrated
contradictory benefits in hypothalamic obese (HyO) patients.

e Here, HyO rats displayed liver steatosis associated with higher hepatic content of
ACC, FASN and SCD-1 proteins.

e Our study revealed that only after six months of DJB procedure, HyO DJB rats
decreased liver steatosis in part due to downregulation of the hepatic de novo
lipogenesis. Remarkable, DJB protection against NAFLD is not accompanied by

reductions in body adiposity in HyO rats.

Introduction

The hypothalamus plays an important role in the control of energy expenditure and
body adiposity (1). Lesions in the hypothalamus may cause neuroendocrine and metabolic
alterations, provoking hypothalamic obesity (2). Hypothalamic obese (HyO) patients show
deficiency in the secretion of one or more pituitary hormones (3, 4), disruption in the
orexigenic and anorexigenic signals in the hypothalamus (5), excessive fat accumulation,
hyperleptinemia, reduction in the sympathetic and increase in the parasympathetic tones (2),
hyperinsulinemia, insulin resistance (6, 7), dyslipidemias and nonalcoholic fatty liver disease
(NAFLD) (8).

The NAFLD is characterized by higher hepatic lipids deposition (9) that can gradually
progress to nonalcoholic steatohepatitis (NASH), cirrhosis and hepatocellular carcinoma (10).
The accumulation of triglycerides (TG) in hepatocytes leading to hepatic steatosis occurs
through increased fatty acids (FA) absorption from circulation, due to a high caloric diet
and/or from adipose tissue lipolysis. Also, increases in the activation of the transcription

factors and enzymes involved in de novo lipogenesis, or downregulation in the FA B-



47
oxidation, together or not, with reduced hepatic secretion of very low-density lipoproteins
(VLDLs) are key mechanisms involved in NAFLD pathology (11).

Weight loss has been suggested as the best treatment against NAFLD and obesity.
However, changes in feed behavior, physical exercise or the use of traditional anti-obesity
pharmacotherapies are not effectiveness for hypothalamic obesity (2, 5). The bariatric
operations can be an alternative against this syndrome, but the fewer studies with HyO
patients, that was underwent to this surgical procedures, exhibit controversial results about its
benefits (12-16).

Among the bariatric surgeries employed in HyO patients for weight loss, the
restrictive procedures as sleeve gastrectomy, gastric bypass, and gastric banding are often
used (12, 15, 16). However, the duodeno-jejunal bypass (DJB), a procedure that kept the
volume of the stomach, but avoids the passage of food from the duodenum and part of the
jejunum, was poorly investigated against this syndrome. DJB ameliorated glucose
homeostasis and hepatic steatosis, independent on reductions in body weight in genetic and
diet-induced diabetic obese rodents (17-21). However, these DJB benefits can be influenced
by the type of obesity and the time after the surgery (22-25). Recently, using neonatal
treatment with monosodium glutamate (MSG) in rats, that induce lesions in arcuate nuclei and
median eminence of the hypothalamus (26), we demonstrated that HyO rats exhibited better
peripheral actions of insulin, normalization of pancreatic islets morphofunction, but displayed
persistent hepatic steatosis, after 2-months of DJB (27) (Cantelli submetido). Here, we aimed
at verify whether the benefits of DJB, against hepatic lipid accumulation and lipogenesis

regulation, manifest at a late stage in HyO rats.

Methods

Hypothalamic Obesity Induction



48
Hypothalamic obesity was obtained by daily subcutaneous injection of MSG [4 mg/g
body weight (BW), HyO group], during 5 consecutive days, in male newborn Wistar rats,
while control group (CTL) received saline (1.25 mg/g BW). From 21 days to 90 days of age,
all rats were maintained at collective cages, under controlled lighting (light/dark cycle of 12
h) and temperature (22 £ 1°C) conditions, and had free access to standard diet (Algomix®,

PR, BRA) and water.

Duodeno-Jejunal Bypass and Sham Operations

At 90 days of life, HyO rats were randomly submitted to DJB (HyO DJB group) or
sham operations (HyO Sham group). Preoperative procedures were performed as previously
described by Meguid et al (28). The DJB was performed as described by Rubino and
Marescaux (17). Briefly, one gastroduodenal transection tied back duodenal stump was
performed. After the jejunum was divided at a distance of 10 cm distal to the ligament of
Treitz, and its distal end connected to the stomach (gastrojejunostomy). The proximal stump
was reunited end-to-side, at a distance of 15 cm distal of the gastrojejunostomy, called
jejunojejunostomia. For sham surgery a laparotomy was performed and subsequently the

intestine was massaged to mimic the surgical and suture movements.

Food intake and feces production

After 6 months of DJB or sham operations, five rats of each experimental group were
maintained, individually, in metabolic cages during 3 days for measurements of food
consumption and excreted feces per 12 h. The results are expressed as the average of the three

days of evaluation.

Obesity parameters and Serum biochemical analysis
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Six months after operation, all rats had the glycemia measured using a glucose analyzer
(FreeStyle® Lite, Illinois, USA), after 6 hours of fasting. Subsequently, all rodents were
weighed and the nasoanal length was measured in all groups to obtain the Lee index [from the
ratio of body weight (g)*®/ nasoanal length (cm) x 1000], which was used as a predictor of
obesity in rodents. The rats were euthanized by decapitation and total blood was collected to
obtain the serum that was used to measure total cholesterol (CHOL), TG and non-esterified
free fatty acids (NEFA) using commercial Kits according to the manufacturer's instructions
(LaborClin®, Bioliquid, Pinhais, PR, BRA and Wako®, Germany, respectively). Insulinemia
was also measured by radioimmunoassay (RIA). In addition, the retroperitoneal and

perigonadal fat pads were removed and weighed.

TyG index and HOMA-IR

Insulin sensitivity was evaluated by the TyG index that was obtained from the ratio of
TG and fasting glucose concentrations as the following formula: Ln [fasting TG (mg/dL) x
fasting glucose (mg/dL)/2] (29, 30). Tissue insulin resistance was also evaluated by the
homeostasis model assessment (HOMA), using the HOMA index of insulin resistance

[(HOMA-IR) = fasting insulin (U/mL) x fasting glucose (mM)/22.5] (31).

Lipids and glycogen content in the liver

Fragments of liver from rats of all groups were collected and the lipids were extracted
by the method of Folch (32). The extract was evaporated and diluted in isopropanol for the
determination of TG and CHOL content in the liver, using commercial Kits, as described
above. Glycogen content in the liver fragments was measured as previously described by

Ropelle et al. (33).
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Liver Histology

Liver samples were fixed in 10% formalin per 24 h, dehydrated in alcohol,
permeabilized with xylene to embedding in Paraplast® (Sigma-Aldrich Chemicals, St. Louis,
MO, USA). Sections of 7 um in thickness were stained with hematoxylin and eosin. To
identify liver collagen fibers, the Mallory's trichrome staining was performed. For the
descriptive analyses, 3 sections of each liver was analyzed by a blind researcher, using a light
microscope (Olympus DP71; Olympus BX60; Olympus, Tokyo, Japan) with 400x

magnification lens.

Isolation of RNA and gPCR

Liver samples were separated for RNA extraction which was performed using RNA
minikit PuriLink® (Life Technologies, CA, USA). The mRNA quantification was done using
the Fast System 7500 & 7500 Real-Time PCR System (Applied Biosystems, Carlsbad, CA,
USA) and the amount of expression of each gene was normalized by the glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) gene. The absolute amount of gene expression was
calculated by the use of standard curves (10-10° copies/DNA molecules in 2 pL), produced
from the gene amplification products on 2% agarose gels. Primers for expression of the genes
of interest were designed and purchased from Sigma-Aldrich® (MO, USA). The sequences

used are shown in table 1.

Protein expression

A fragment of the liver was solubilized in extraction buffer (containing 10 mM EDTA,
100 mM tris, 10 mM sodium pyrophosphate, 100 mM sodium fluoride, 10 mM sodium
orthovanadate, 2 mM phenylmethylsulfonyl fluoride and 0.1 mg/mL aprotinin) using a

mechanical homogenizer (Marconi®, MA102/MINI, Piracicaba, SP, BRA). Then, the extracts
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were centrifuged at 12,600 g at 4°C for 30 min and the supernatant was reserved. The protein
quantification was measured by Bradford method using BSA for standard curve and the
Bradford reagent (Bio-Agency Lab., S&o Paulo, SP, BRA). The samples (100 ug) were
incubated at 100°C for 5 min with Laemmli sample buffer (0.1% bromophenol blue, 1 M
sodium phosphate, 50% glycerol, 10% SDS) and separated by electrophoresis in a biphasic
polyacrylamide gel (SDS-PAGE, 6.5 or 10%). Subsequently, samples were transferred to
nitrocellulose membrane (BioRad®, CA, USA) and incubated with primary antibody for:
adenosine monophosphate activated protein kinase (AMPK-a; cat. # 25328, Cell Signaling
Technology, Boston, MA, USA), phosphorylated AMPK (pAMPK-o™72: cat. # 25318, Cell
Signaling Technology, Boston, MA, USA), phosphorylated acetyl-CoA carboxylase
(PACC™™: cat. # 3661, Cell Signaling Technology, Boston, MA, USA), acetyl-CoA
carboxylase (ACC; cat. # 3662S, Cell Signaling Technology, Boston, MA, USA), fatty acid
synthase (FASN; cat. sc-20140, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA),
stearoyl-CoA desaturase-1 (SCD-1; cat. ab19862, Abcam, Cambridge, UK), carnitine
palmitoyl transferase-1la (CPT-1a; cat. sc-20669, Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA) or microsomal triglyceride transfer protein (MTTP; cat. AV43618, Sigma-Aldrich,
St. Louis, MO, USA). a-Tubulin was used as internal control (1:1000, cat T5168; Sigma-
Aldrich Chemicals, St. Louis, MO, USA). The visualization of specific bands was performed
by incubating the membranes with secondary anti-rabbit or anti-mouse antibodies (1:10.000;
Cell Signaling Technology, Boston, MA, USA), followed the incubation with
chemiluminescent reagents. The image was captured with the photodocumentador Chemi L-
Pix Express (Loccus Biotecnologia®, Cotia, SP, BRA). The intensity of the bands was
quantified by densitometry using the software to Lablmage analysis 1D (Loccus

Biotecnologia®, Cotia, SP, BRA).
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Statistical analysis
Data are expressed as means + SEM accompanied by the indicated number of
independent experiments. For statistical analyses, the rat groups were compared using one-
way analysis of variance (ANOVA) followed by the Tukey post-test (P < 0.05). Graphs were
performed using GraphPad Prism version 5.00 for Windows (GraphPad Software®, San

Diego, CA, USA).

Results
Nutritional and Obesity Parameters

Figure 1 shows weekly BW, registered before and after DJB procedure in HyO rats.
HyO displayed lower BW than CTL rats, from the third week to the end of the experimental
period (P < 0.05; Fig. 1A). This effect is also confirmed by a reduction in total BW in HyO
group, in comparison with CTL, before and after the Sham surgery (P < 0.0001; Fig. 1B).
DJB operation did not change BW in HyO DJB rats, when compared with HyO sham group
(Fig. 1A and 1B).

At the end of the experimental period, HyO Sham rats presented lower food intake,
excreted feces, and final BW than CTL rats (P < 0.001; Tab. 2). However, feed efficiency did
not differ between HyO and CTL groups (Tab. 2). But, HyO rats displayed obesity with
increases of 13% in Lee index, 130% in perigonadal, and 36% in retroperitoneal fat pad
weights, compared with CTL rats (P < 0.001, P <0.001, P < 0.05, respectively; Fig. 1 C and
1D). After 6 months of DJB operation, food consumption, excreted feces, and obesity, were
similar between HyO DJB and HyO Sham groups (Tab. 2 and Fig 1C and 1D).

HyO rats displayed normoglycemia, but hyperinsulinemia, hypertrygliceridemia and

higher NEFAS serum levels, when compared with CTL rats (P < 0.05, P < 0.01 and P < 0.01;
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respectively; Tab. 3). The TyG and HOMA-IR indexes were higher in HyO Sham group, in
comparison with CTL rats (P <0.001 and P < 0.01; Tab. 3). After 6 months of DJB operation,
HyO DJB, but not HyO Sham group, had normalized serum insulin, TG, and NEFA
concentrations (P < 0.01, P <0.001 and P < 0.05, respectively; Tab. 3). DJB operation also
improved insulin action, since the TyG and HOMA-IR indexes were similar in HyO DJB rats

and CTL group (Tab. 3).

Liver morphology and content of lipids and glycogen

Figure 2A shows that the macroscopic appearance of the liver from HyO Sham rats was
uniformly pale, when compared to CTL. But, after 6 months of DJB operation, HyO DJB
livers presented a partial reestablishment of the macroscopic appearance, as that observed in
CTL rats (Fig. 2A). In addition, liver weight was lower in HyO Sham, when compared with
CTL rats (P <0.0001; Fig. 2D). DJB procedure did not alter liver weight in HyO DJB rats.

Figure 2B demonstrated that liver of HyO presented hepatocytes with several
cytoplasmic lipid vacuoles, associated with displacement of nuclei toward the cell periphery.
These histological characteristics indicate that liver of HyO Sham has steatosis, with a profile
of the “microvesicular fat disease” (34), when compared with the CTL group. These
microscopic features differ, significantly, from the CTL liver histology, which has the
hepatocytes arranged in rows, delimited by connective tissue that contains sinusoidal
capillaries (Fig. 2B). As expected, CTL hepatocytes displayed abundant and homogeneous
cytoplasm, central nuclei and absence of steatosis. DJB surgery normalized hepatic steatosis,
restoring the aspect of hepatocyte cytoplasm and nuclei localization in HyO DJB group
similar to that observed for CTL (Fig. 2B). Liver fibrosis, which occurs in most types of

chronic liver diseases, was not evidenced in HyO rats (Fig. 2C).



Hepatic steatosis was also confirmed in HyO rats by a higher TG content in the liver,
but without alteration in the amount of hepatic CHOL, when compared with CTL rats (P <
0.002; Fig. 2E). Hepatic glycogen content was also higher in HyO Sham than that observed
for CTL (Tab. 3). Six months after DJB operation, hepatic TG and glycogen content in HyO

DJB rats were normalized (Fig. 2E and Tab. 3).

Expression of Gene and Proteins Involved in de novo Lipogeneses and FA oxidation

The hepatic expression of the lipogenic genes: ACC-1, SCD-1 and FASN were higher
in HyO Sham group, when compared to CTL (P < 0.01, P < 0.01 and P < 0.001, respectively;
Fig. 3A). However, the gene expression of CPT-1a, involved with B-oxidation process, and
the MTTP, involved in apolipoprotein B assembly, were approximately reduced by 26% in
HyO Sham liver, when compared with CTL (P < 0.05; Fig. 3A). In accordance with these
data, the content of hepatic ACC, SCD-1 and FASN proteins were 73%, 34%, and 96%
higher in HyO Sham than that observed for CTL rats (P < 0.05, P <0.04 and P < 0.001,
respectively; Fig. 4A, 4C and 4D). No modifications in the expression of pACC/ACC, CPT-
la and MTTP proteins were observed between the groups (Fig. 4B, 4E and 4F).

In addition, the mRNA levels of the transcription factor: peroxisome proliferator-
activated receptor (PPAR)-y was 50% lower in HyO Sham liver, than that observed for CTL
(P < 0.001; Fig. 3B). However, no modifications in liver pyruvate kinase (LPK), acyl-CoA
oxidase (ACO; Fig. 3A), carbohydrate-responsive element-binding protein (ChREBP), sterol
regulatory element-binding protein (SREBP)-1c, farnesoid X receptor (FXR), and PPAR-a
(Fig. 3B) mRNA expressions, were evidenced in the livers of HyO Sham and CTL groups
(Fig. 3A and 3B). After 6 months, DJB operation decreased LPK, ACC-1, SCD-1and
ChREBP gene expressions in HyO DJB liver to similar levels observed for CTL (Fig. 3). In

agreement, the protein expression of ACC and FASN enzymes were reduced in the liver of
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HyO DJB, in comparison with HyO Sham rats (P < 0.02 and P < 0.0005, respectively; Fig.
4A and 4C). Remarkable, the hepatic ACO and FXR mRNAs were lower in HyO DJB, than
that observed for HyO Sham group (P < 0.05; Fig. 3B). As a final point, no modifications in

pPAMPK/AMPK protein expressions were observed between the groups (Fig. 4G).

Discussion

Hypothalamic obesity is a devastating condition that has no effective treatment at the
present time (35). The bariatric surgery, frequently used to treat diet or genetic-induced
obesity, shows no consistent benefits against hypothalamic obesity (2, 35) (14-16, 36). Here,
for the first time, we demonstrated that after 6 months of DJB surgery, HyO rats showed
normalized lipid profile in the plasma and liver, probably due to reduction in the expression of
enzymes involved in de novo lipogenesis. Interetingly, this effect of DJB against liver
steatosis in HyO rats was not due to reductions in adiposity or body weight.

In our study, HyO rats were hypertriglyceridemic, with increased NEFA serum levels,
higher hepatic TG content and histological alterations in hepatocytes, consistent with hepatic
steatosis. These characteristics are often finding in patients with hypopituitarism,
hypothalamic obesity, craniopharyngioma, or those who underwent resection of a
hypothalamic tumor (8, 37). These evidences demonstrated that the neonatal treatment with
MSG can mimic, efficiently, the metabolic comorbidities, evidenced in human hypothalamic
obesity.

Frequently, the majority of obese patients, that were submitted to bariatric surgeries,
show NAFLD, which is linked to insulin resistance, type 2 diabetes, and dyslipidemias (38-
41). The better way to treat NAFLD is to lose weight, through lifestyle modifications.
However, when this is not successful, an alternative is bariatric surgery, a method for

reaching substantial and sustained weight loss (42). In accordance, after 8-week of DJB
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operation, genetic obese OLETF (Otsuka Long-Evans Tokushima Fatty) rats had
improvement in hepatic steatosis, associated with weight loss, and increased glucagon-like
peptide 1 (GLP-1) and bile acids (BA), in the serum (43). However, in western diet rats, after
1 or 2 months of DJB operation, decreased hepatic TG content, without alteration in body
adiposity, was observed (19, 22). Similar effects of DJB were evidenced in high-fat diet type
2 diabetic rats, after 8-week of the surgery (23). Despite these benefits of DJB, upon hepatic
steatosis in genetic and diet-induced obese rodents, the literature is limited about the effect of
this malabsorption procedure in hypothalamic obesity (27). Recently, we demonstrated that
HyO DJB rats, after 2 months of the surgery, already displayed hepatic steatosis, despite a
reduction in serum TG levels (Cantelli et al., submitted). These data demonstrated that the
improvement in liver steatosis manifests as a later effect of the DJB operation, in
hypothalamic obesity. Hepatic FA metabolism is normalized only after 6 months of the DJB
operation, indicating that the benefits of bariatric surgeries consist in a slow phenomenon.

In NAFLD, there is an upregulation in the hepatic lipogenic enzymes (44-46). In
accordance, HyO Sham rats presented enhanced hepatic mMRNA and protein levels of enzymes
involved in de novo lipogenesis: ACC, FASN and SCD-1 (47-49) that, possibly, increased
hepatic TG content and steatosis, in HyO rats. Among the transcriptions factors that regulate
the expression of genes, involved in de novo lipogenesis (50, 51), only a down-regulation in
PPAR-y mRNA was evidenced in HyO liver. Therefore, additional studies are necessary to
dissect which transcriptional signals may be involved in the regulation of lipogenic genes, in
HyO Sham rats.

Furthermore, NAFLD may manifests due to reductions in the expression/activity of
enzymes involved in B-oxidation or VLDL assembling (11). However, no modifications in
protein content of CPT-1a and MTTP were observed in HyO liver, despite a reduction in their

MRNAs. Possibly, post- transcriptional modifications may be responsible for these apparent
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contradictory results. Since, enzymes involved in lipid metabolism are up and downregulated
by several mechanisms (52, 53). In addition, the reduction in MTTP mRNA in HyO rats may
be due to the hyperinsulinemia, observed in these rodents, since insulin decreased the
transcription of MTTP gene in a dose- and time dependent manner (54).

DJB surgery lead to a reduction in the expression of LPK, ACC, and SCD-1 genes,
and normalized the ACC and FASN protein contents in HyO DJB liver. Additionally, these
rodents displayed a lower hepatic mMRNA content of ChREBP, a well-recognized transcription
factor that mediates the transcriptional effect of glucose upon LPK and lipogenic genes (55).
Therefore, downregulation in LPK, ACC, and SCD-1 mRNAs induced by DJB operation in
HyO rats, may be linked to reduction in ChREBP mRNA.

The FXR is a ligand-activated transcription factor, which activation can inhibit the
expression of SREBP-1c, and its target lipogenic genes, preventing excessive FA synthesis (56).
In addition, FXR activate PPAR-a, which regulates the transcription of the FA oxidation
genes: CPT-1 and ACO (56, 57). Here, we observed that DJB surgery reduced hepatic FXR
and ACO mRNAs in HyO DJB group. The mRNA for PPAR-a in liver of HyO DJB is lower
than CTL rats. Possibly, the downregulation of FXR/PPAR-a decrease ACO transcription.
This is a contradictory point, since such an effect would reduce peroxisome -oxidation in
HyO DJB rats. In addition, the FXR is a target for BA and regulates BA metabolism, via an
autocrine mechanism (56). Increased serum levels of BA were evidenced in diet and genetic-
obese diabetic rats, submitted to DJB surgery (23, 43). An improvement in glucose
homeostasis and hepatic steatosis, after DJB, in diabetic rats were linked with enhanced gut
secretion of GLP-1by BA stimulation (43). In this way, the reduction in the expression of
hepatic FXR gene, in HyO DJB rats, may suggest that the mechanism of action, by which
DJB operation exerts benefits in hypothalamic obesity, possibly differs from that evidenced in

genetic and diet-induced obesity.
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Other important feature, observed in this study, is that HyO rats were insulin resistant,
but normoglycemic, exhibiting increased content of hepatic glycogen. Enhanced glycogen
content was also evidenced in liver from high-fat and western diet obese rodents (19, 58).
This effect may increase hepatic lipogenesis and development of NAFLD, Lu et al. (58)
demonstrated that, in insulin resistant high-fat diet mice, the increased hepatic glycogen was
linked to enhanced expression of gene and protein of the glycogenic scaffolding protein
(PTG/R5). This protein regulates the mobilization and storage of glycogen, and also directs
the glucose excess, that cannot be storage as glycogen, to FA synthesis, this mechanism
involves the activation of the target of rapamycin complex 1 (mTORC1) that regulates
downstream lipogenic genes. In accordance, deletion of PTG prevented hepatic glycogen
accumulation and steatosis in high-fat diet mice (58).

Here, we tried to verify whether the better insulin action and decreased lipogenesis
promoted by DJB in HyO rats may be associated with AMP-activated protein kinase (AMPK)
activation. It is known that the AMPK inhibits lipogenesis, via phosphorylation of ACC,
decreasing malonyl-CoA levels, which enhances CPT-1a action and FA oxidation (59).
Furthermore, a report demonstrated that AMPK improved hepatic insulin sensitivity and
inhibited lipogenesis by downregulation of mMTORCL1 pathway (60). However, no
modifications in pAMPK/AMPK protein expressions were evidenced between HyO DJB and
HyO Sham rats. Therefore, new studies are necessary to dissect how lipogenesis is
downregulated in hypothalamic obesity by DJB surgery.

In summary, here we report the first evidence that DJB surgery has a late effect upon
NAFLD in hypothalamic obesity, and the improvement in hepatic steatosis in HyO rats was
not linked with weight loss or reductions in adipose tissue stores. The benefits of DJB against
steatosis in hypothalamic obesity were associated in part by amelioration of insulin sensitivity

and reduction in the expression of hepatic enzymes involved in de novo lipogenesis.
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Gene

ACC-1
ACO
ChREBP
CPT-1a
FASN
FXR

LPK
MTTP
PPAR-«
PPAR-y
SCD-1
SREBP-1c

GAPDH

Forward (5’ - 3’)

AGGAAGATGGTGTCCCGCTCTG

CCCAAGACCCAAGAGTTCATTC

GAAGACCCAAAGACCAAGATGC

CTCCTGAGCAGTTACCAATGC

AGGTGCTAGAGGCCCTGCTA

GCAACTGCGTGATGGATATG

GACCCGAAGTTCCAGACAAGG

CTTCTGCCTACACTGGCTACG

GTACGGTGTGTATGAAGCCATCTT

GCCCTTTGGTGACTTTATGGAG

CAGTTCCTACACGACCACCACTA

GGAGCCATGGATTGCACATT

GGAGAAACCTGCCAAGTATGATG

Reverse (5’ - 3’)
GGGGAGATGTGCTGGGTCAT
TCACGGATAGGGACAACAAAGG
TCTGACAACAAAGCAGGAGGTG
GAACCTTGGCTGCGGTAAGAC
GTGCACAGACACCTTCCCAT
TTCGCTGTCCTCATTCACTG
ATGAGCCCGTCGTCAATGTAG
GTTCTCCTCTCCCTCATCTGG
GCCGTACGCGATCAGCAT
GCAGCAGGTTGTCTTGGATGT
GGACGGATGTCTTCTTCCAGAT
AGGAAGGCTTCCAGAGAG

AACCTGGTCCTCAGTGTAGCCCC

ACC-1 — acetyl-CoA carboxylase, ACO — acyl-CoA oxidase, ChREBP - carbohydrate

response element-binding protein, CPT-1a — carnitine palmitoyl transferase-1a, FASN — fatty

acid synthase, FXR — farnesoid X receptor, LPK — liver pyruvate kinase, MTTP - microsomal

triglyceride transfer protein, PPAR-a - peroxisome proliferator-activated receptor-a, PPAR-y

- peroxisome proliferator-activated receptor-y, SCD-1 — stearoyl-CoA desaturase-1, SREBP-

1c — sterol regulatory element binding protein-1c, GAPDH — glyceraldehyde 3-phosphate

dehydrogenase.
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Table 2 — Final body weight, food intake and excreted feces in 12 hours of CTL, HyO Sham

and HyO DJB rats.

CTL HyO Sham HyO DJB
Body weight (g) 440+ 7.82 337 +£11.7v 337 £10.5b
Food intake in 12 h (g) 15.5+0.72 9.8+0.7b 10.8 £ 0.5b
Food intake/BW (mg/g) 32+0.1 28+0.2 31+0.2
Excreted feces in 12 h (g) 6.3+£0.32 4.2+0.3b 4.1+0.3b

Data are mean = SEM (n = 14 - 19 rats). Different letters over the bars indicate significant

difference (One-way ANOVA followed by the Tukey post-test, P < 0.05).
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Table 3 — Fasting serum biochemical parameters, TyG index, HOMA-IR and liver glycogen

content in CTL, HyO Sham and HyO DJB rats.

CTL HyO Sham HyO D]B
Glucose (mg/dL) 65+1.7 66 + 2.5 66 + 2.8
Insulin (ng/mL) 0.4 £0.1=a 1.0 £ 0.2b 0.3+0.12
Triglyceride (mg/dL) 155+ 7.92 237 £16.7v 140 + 16.52
Cholesterol (mg/dL) 110+ 4.3 122 +4.3 102 +5
NEFA (mol/L) 0.6 £ 0.02a 0.9 +0.1> 0.6 +0.12
TyG index 9.2+0.1a 9.6 £0.1b 9+0.12
HOMA-IR 1.5+0.22 2.8 0.5 1.6 £0.22
Liver glycogen content (mg/100 25+ 1.62 38+1.8b 31+1.32

mg liver)

Data are mean + SEM (n = 8 - 14 rats). Different letters over the bars indicate significant

difference (One-way ANOVA followed by the Tukey post-test, P < 0.05).
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Figure legends

Figure 1: HyO rats not changed body weight (BW) and adiposity after 6 months of DJB
surgery. (A) Means = SEM (n = 17 rats) of BW measured weekly, and (B) total BW,
expressed as area under growth curve (AUC), registered before and after DJB or Sham
surgeries in HyO rats. *HyO DJB and HyO Sham groups are different from CTL (P < 0.05).
(D) Lee index and (E) retroperitoneal and perigonadal fat pad weights in CTL, HyO Sham
and HyO DJB rats. Different letters over the bars indicate significant difference (One-way

ANOVA followed by the Tukey post-test, P < 0.05).

Figure 2: DJB surgery, after six months, ameliorates liver steatosis in HyO rats. Macroscopic
aspect of the liver (A), light microscopy of (B) hematoxylin and eosin and (C) Mallory's
trichrome-stained liver sections from CTL, HyO Sham and HyO DJB rats. Means + SEM (n=
5-19 rats) of the liver weight (D), and hepatic TG (E) and CHOL (F) contents in CTL, HyO
Sham and HyO DJB rats. Arrows indicate microvesicular steatosis. Different letters over the
bars indicate significant difference (One-way ANOVA followed by the Tukey post-test, P <

0.05).

Figure 3: DJB surgery improves the expression of hepatic genes involved in de novo
lipogenesis. Means = SEM (n= 4-7 rats) of the mRNA expressions for (A) LPK, ACC-1,
FASN, SCD-1, ACO, CPT-1a, MTTP; and (B) ChREBP, SREBP-1c, PPAR-y, PPAR-a and
FXR in the liver of CTL, HyO Sham and HyO DJB rats. Different letters over the bars

indicate significant difference (One-way ANOVA followed by the Tukey post-test, P < 0.05).

Figure 4: DJB operation normalizes hepatic protein expression of de novo lipogenesis

enzymes in HyO rats. Means + SEM (n= 6-10 rats) of the ACC (A), pACC/ACC (B) FASN
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(C), SCD-1 (D), CPT-1a (E), MTTP (F) and pAMPK/AMPK (G) protein expressions in the
liver of CTL, HyO Sham and HyO DJB rats. Different letters over the bars indicate

significant difference (One-way ANOVA followed by the Tukey post-test, P < 0.05).
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registration number must be included on the title page of the manuscript reporting a
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