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“Daria tudo o que sei, pela metade do que ignoro”
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RESUMO GERAL

No presente estudo, foram avaliados, em ratas obesas submetidas a derivagédo
gastrica em Y de Roux (DGYR), o perfil lipidico e a expressdo génica e proteica
de enzimas envolvidas no metabolismo lipidico hepatico e sua repercussao nos
machos da prole adulta. Ratas Wistar obesas pela dieta de cafeteria (CAF) foram
submetidas a falsa operacdo (CAF FO) ou a DGYR (CAF DGYR). Apos cinco
semanas, iniciaram o periodo de acasalamento. Os machos da prole (F1) obtida
foram denominados segundo o procedimento realizado em suas maes, em CAF
FO-F1 e CAF DGYR-F1, os quais receberam dieta padrdo do desmame aos 120
dias de vida. O perfil lipidico e vias metabdlicas lipidicas hepéticas foram
verificados nas maes e nos filhotes. Maes submetidas a DGYR apresentaram
reducdo do peso corporal, acimulo de gordura e dislipidemia. Todavia, a DGYR
materna promoveu acumulo de gordura hepética (esteatose grau 3), um
mecanismo provavelmente decorrente da reducdo da lipogénese hepatica e
aumento da B-oxidacdo nas ratas do grupo CAF DGYR. Os descendentes CAF
DGYR-F1 apresentaram, aos 120 dias de vida, reducdo do peso corporal, do
acumulo de gordura, da concentracéo sérica de triglicerideos (TG) e conteudo de
colesterol hepatico (COL). A quantidade de mRNA da acetil-CoA carboxilase
(ACC) e da estearoil-CoA desaturase-1 (SCD-1) foi menor, ao passo que a
quantidade do mRNA da carnitina palmitoil-transferase-1 (CPT-1) foi maior nos
animais do grupo CAF DGYR-F1, comparados aos animais do grupo CAF FO-F1.
A expressdo proteica da ACC e da proteina de transferéncia de triglicerideos
microssomal (MTTP) foi maior, enquanto que a expressao da enzima acido graxo
sintetase (FASN) e da ACC fosforilada (pACC) foi menor nos animais do grupo
CAF DGYR-F1, guando comparados aos animais do grupo CAF FO-F1. A DGYR
em ratas CAF melhorou a obesidade apds prenhez e lactacdo. Entretanto, estes
animais apresentaram danos hepaticos severos, 0s quais nao repercutiram nos
machos da prole adulta, apesar das alterac6es em vias metabdlicas lipidicas.

Palavras-chave: Obesidade; Esteatose hepatica; Programacdo metabdlica;
Derivagdo géastrica em Y de Roux.



GENERAL ABSTRACT

In the present study, the lipid profile and the gene and protein expression of
enzymes involved in hepatic lipid metabolism and its repercussion in males of
adult offspring were evaluated in obese rats submitted to Roux - en - Y gastric
bypass (RYGB). Wistar rats obese by the cafeteria diet (CAF) were submitted to
false operation (CAF SHAM) or to RYGB (CAF RYGB). Five weeks later, they
began the mating season. The offspring males (F1) obtained were named
according to the procedure performed in their mothers, in CAF SHAM-F1 and CAF
RYGB-F1, who received a standard weaning diet at 120 days of age. Lipid profile
and hepatic lipid metabolic pathways were verified in the mothers and pups.
Mothers submitted to the RYGB presented reduction of body weight, fat pad and
dyslipidemia. However, maternal RYGB promoted accumulation of hepatic fat
(grade 3 steatosis), a mechanism probably due to the reduction of hepatic
lipogenesis and increased (-oxidation in the rats of the CAF RYGB group. CAF
RYGB-F1 offspring presented a reduction in body weight, accumulation of fat,
serum triglycerides (TG) and hepatic cholesterol (CHOL) at 120 days. The amount
of acetyl-CoA carboxylase (ACC) and stearoyl-CoA desaturase-1 (SCD-1) mRNA
was lower, whereas the amount of carnitine palmitoyl transferase-1 (CPT-1)
MRNA was higher in animals from the CAF RYGB-F1 group, compared to the
animals from the CAF SHAM-F1 group. The protein expression of ACC and the
microsomal triglyceride transfer protein (MTTP) was higher, whereas the
expression of fatty acid synthetase (FASN) and phosphorylated ACC (pACC) was
lower in CAF RYGB-F1 group, when compared to the animals of the CAF SHAM-
F1 group. RYGB in CAF rats improved obesity after pregnancy and lactation.
However, these animals had severe liver damage, which did not affect males of
adult offspring, despite changes in lipid metabolic pathways.

Key words: Obesity; Hepatic steatosis; Metabolic programming; Roux-en-Y
gastric bypass.
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INTRODUCAO GERAL

Alteracbes no contexto histérico, econdmico, cientifico e social na
sociedade refletiram em mudancas no estilo de vida e habitos da populagéo,
envolvendo o consumo alimentar e a pratica de atividades fisicas. O ambito
alimentar foi marcado pelo fendbmeno de transicdo nutricional, em que o consumo
de fibras e nutrientes passa a ser substituido por alimentos de preparo rapido,
altamente energéticos e de menor custo, fato intimamente relacionado ao avanco
da industrializacdo. Eventos cotidianos envolvendo o gasto calérico vém sendo
substituidos por novas tecnologias amplamente distribuidas, seja no ambiente de
trabalho ou no lar. Dessa forma, o aumento do consumo de alimentos cada vez
mais caldricos, aliado a inatividade fisica, contribui para a pandemia da obesidade
(BLEIL, 1998; MONTEIRO; CONDE; POPKIN, 2002; KRZYSZTOSZEK et al.,
2015).

Evidenciada por sua etiologia multifatorial, a obesidade é caracterizada
pelo desequilibrio entre a ingestdo e 0 gasto energético, resultando no
armazenamento do excesso de energia em forma de gordura (HILL;
COMMERFORD, 1996). Essa doenca assumiu carater epidémico, abrangendo
paises desenvolvidos e em desenvolvimento, como o Brasil, onde 18% de sua
populacdo adulta esta obesa (BRASIL, 2014). Além disso, atua como importante
fator de risco para doencas cardiovasculares, desordens metabdlicas, incluindo a
intolerdncia a glicose, diabetes melittus tipo 2 (DM-2), hipertenséo arterial,
dislipidemia, hipercolesterolemia, além de certos tipos de cancer, doencas
respiratorias e osteoarticulares (SOWERS, 1998; ROSIEK et al., 2015).

Em mulheres, a obesidade esta intimamente associada ao aumento na
prevaléncia de diversos riscos obstétricos, como diabetes gestacional,
hipertensédo, pré-eclampsia e mortalidade neonatal. Adicionalmente, estudos
sugerem que a obesidade materna também esta associada a danos importantes
nos descendentes. O individuo em formagéo é sensivel as condi¢des ambientais
gque modulam as vias do desenvolvimento fetal e as consequéncias da nutricdo

gestacional podem modificar sua homeostase energética ao longo da vida



(NAEYE, 1990; CNATTINGIUS et al., 1998; KING, 2006). Dessa forma, o estado
nutricional materno representa um “desafio” ambiental ao individuo em formacgéo,
como forma de preparo para a vida fora do utero (DELAGE; DASHWOOD, 2008;
LILLYCROP, 2011). O mecanismo desta “memdéria pré-natal” ocorre devido a
grande plasticidade génica do organismo em desenvolvimento. Tal caracteristica
permite modificacbes do perfil epigenético, como a superexpressao ou
silenciamento de genes relacionados a manutencdo da homeostase energética.
Com isso, as diferencas entre o que esta sendo previsto e 0 ambiente externo real,
predispbem o organismo a “padrdes nutricionais ndo ideais”, durante o periodo de
formacao e crescimento, com o possivel desenvolvimento de diversas doencas
metabdlicas ao longo da vida (LILLYCROP, 2011; CHAUDHARY et al., 2012).

A associacdo entre a obesidade e as alteracdes no metabolismo
materno pode ocorrer por meio do fator comum denominado resisténcia a insulina
(RI), um dos componentes da sindrome metabdlica (SM) (VASQUES et al., 2009).
Uma das caracteristicas da SM € o acumulo de lipideos nos hepatdcitos, que, em
excesso, origina o espectro de doencas, denominado doenca hepética gordurosa
n&o alcoolica (DHGNA) (ANGULO, 2002).

A primeira manifestacéo relacionada & DHGNA ¢é a esteatose hepética
(EH), a qual é caracterizada pelo acumulo de lipideos, excedendo 5% da massa
hepatica. Essa doenca € influenciada pela dieta e perfil lipidico materno alterado,
ao se observar caracteristicas de EH em descendentes de ratas tratadas com
dieta hiperlipidica (SONG et al., 2012; SOUZA et al., 2012).

Objetivando reverter o estado de obesidade e sindromes associadas,
diferentes estratégias vém sendo utilizadas, como administracdo de farmacos e
dietas com restricdo caldrica. No entanto, varios pacientes ndo respondem as
medidas clinicas ou terapéuticas e recorrem as operacdes bariatricas
(COUTINHO, 1999; ZEVE; NOVAIS; JUNIOR, 2012). Os resultados dos
procedimentos bariatricos tém sido superiores as medidas tradicionais na reducao
de peso em pessoas obesas, podendo reduzir a morbidade em até 40% e,
consequentemente, o aparecimento de doencas associadas a obesidade
(SJOSTROM et al., 2004; ADAMS; GRESS; SMITH, 2007; HAFEEZ; AHMED,
2013). Dentre os procedimentos realizados, a operagdo bariatrica de derivagéo

gastrica em Y de Roux (DGYR), um procedimento misto por reduzir o volume do



estbmago associado ao desvio de uma porcao do intestino, € considerada uma
das mais efetivas e sustentiveis para perda de peso em obesos morbidos
(MACDONALD et al., 1997; KARRA; YOUSSEIF; BATTERHAM, 2010). Entretanto,
poucos estudos demonstram se a perda de peso e a melhora metabdlica apés a
operacdo pode prevenir os efeitos deletérios da obesidade materna sobre
parametros metabdlicos dos descendentes.

Sabe-se que criancas nascidas ap0s a operacao bariatrica materna de
derivacao biliopancreatica (DBP) exibem menor prevaléncia de obesidade severa,
maior sensibilidade a insulina e melhora no perfil lipidico, quando comparadas a
irmaos que nasceram antes do procedimento cirdrgico materno (KRAL et al.,
2006; SMITH et al., 2009).

O conhecimento relacionado aos fatores indutores da obesidade, suas
consequéncias metabdlicas, enddcrinas, bem como suas respostas as operacdes
bariatricas tem sido ampliado em grande parte, devido a utilizacdo de modelos
animais experimentais (SCLAFANI; SPRINGER, 1976; MEGUID et al., 2004;
KENNEDY et al., 2010). Apesar dos diversos modelos animais experimentais para
0 estudo da obesidade e suas comorbidades, o mais semelhante a obesidade
humana é o modelo induzido pela dieta de cafeteria (CAF) (WEST; YORK, 1998;
PRADA et al., 2005). Neste modelo, os animais tém acesso livre a alimentos e a
liquidos hipercaldricos selecionados. A dieta de cafeteria promove hiperfagia
voluntaria, resultando em ganho rapido de peso, maior teor de gordura abdominal
e parametros pré-diabéticos, além de disfuncées neuronais, relacionadas a
alimentacdo desregulada, comuns em algumas formas humanas de obesidade
(SAMPEY et al., 2011).

Existem poucos estudos demonstrando o efeito do procedimento
bariatrico de DGYR sobre o perfil lipidico da prole de ratas obesas pela dieta CAF
e os resultados apresentados até hoje sdo controversos. Considerando que o
tempo apoOs a cirurgia € um fator importante para avaliacdo das alteragbes no
metabolismo lipidico, propomos o presente trabalho para responder ao seguinte
guestionamento: o procedimento bariatrico de DGYR é capaz de reverter os
efeitos da obesidade materna induzida por dieta CAF, sobre o perfil lipidico

hepético dos descendentes machos?



REVISAO GERAL DE LITERATURA

Obesidade
A obesidade é caracterizada pelo acumulo excessivo de gordura

corporal, devido ao desequilibrio energético entre 0 consumo alimentar e o gasto
de energia (WHO, 2016). Quando a energia consumida excede o gasto calorico,
h4 um estado de balangco energético positivo, sendo o excesso de energia
armazenado na forma de gordura no tecido adiposo (HILL; COMMERFORD,
1996).

Para diagnostico de sobrepeso e obesidade em adultos, o0 método mais
utilizado é o indice de Massa Corporal (IMC), definido como o peso em
quilogramas, dividido pelo quadrado da estatura em metros (kg/m?). E um indice
simples, onde individuos com IMC entre 25 a 30 kg/m? sdo classificados com
sobrepeso e individuos com IMC acima de 30 kg/m2 séo classificados como
obesos (WHO, 2016). Usando esse parametro, a Organizacdo Mundial da Saude
(WHO) mostrou que, em 2014, 39% da populacdo adulta mundial apresentava
sobrepeso e 13% estavam obesos. Entretanto, em 2013, 56,9% dos brasileiros
adultos estavam com sobrepeso e 20,8% obesos (IBGE, 2013).

A obesidade, que era vista como um mal quase restrito a populacao
adulta e idosa, vem crescendo entre os mais jovens. No Brasil, 0 excesso de peso
atinge 33,5% das criangas de 5 a 9 anos, e a obesidade 6,6% e 11,8% do total de
meninos e meninas, respectivamente (WHO, 2016). Acredita-se que esses
indices ndo estejam relacionados apenas a ma alimentacdo e ao sedentarismo
dos jovens, mas também ao “ciclo vicioso” sustentado pela obesidade, ja que
filhos de pais obesos tém 80 a 90% de probabilidade de serem adultos obesos
(SHANKAR et al., 2008). Neste contexto, assume carater preocupante o aumento
na prevaléncia da obesidade em mulheres em idade reprodutiva, bem como, o
aumento do ganho de peso durante a gestacdo. No Brasil, em 2014, 4%, 14% e
18% das mulheres das faixas etarias de 18 a 24, 25 a 34 e 35 a 44 anos,
respectivamente, estavam obesas (BRASIL, 2014) e 25% das gestantes adultas

apresentavam sobrepeso e 5,5% obesidade (NUCCI et al., 2001).
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As funcgbes reprodutivas femininas sdo negativamente influenciadas
pelo estado obeso, o qual reduz a implantacéo e o desenvolvimento fetal, a taxa
de gravidez, induzindo ciclos anovolutorios, alteracées menstruais, sindrome do
ovario policistico, além de estar associado a morte materna e fetal, pré-eclampsia,
diabetes gestacional e anormalidades congénitas (DOUCHI et al., 2002,
BRANNIAN; FURMAN; DIGGINS, 2005; CATALANO; EHRENB, 2006; LEUNG et
al., 2008; GAILLARD et al., 2013; SCOTT-PILLAI et al., 2013). O acréscimo de
20% sobre o peso médio, leva ao aumento de 10% nas taxas de mortalidade para
mulheres, sendo apresentadas em suas formas moderadas (IMC entre 28 e 35) e,
ainda, nas formas mais graves (IMC>35) (MOKDAD et al., 2003).

O fato da pandemia da obesidade abranger todas as faixas etarias
demonstra a importancia da adocdo de medidas de prevencdo, controle e
tratamento de doencas ndo transmissiveis. No Brasil, politicas de saude 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, tém demonstrado
influéncia na salude desde a infancia até a vida adulta. O impacto de uma
intervencdo de promocdo a saude certamente podera refletir nos gastos do
Sistema Unico de Salde em relagdo as enfermidades e mortes evitaveis, na
melhoria da qualidade de vida da populacdo e na compreensdo de que manter a
saude é uma tarefa que exige esforco em conjunto, mobilizando o individuo, a
comunidade, o governo e as diversas areas do conhecimento (REIS;
VASCONCELOS; BARROS, 2011).

Além de impor ao individuo forte estigma social, a obesidade é fator
preponderante ao desenvolvimento de inameras doencas, como 0 DM-2,
hipertensdo arterial sistémica, cardiomiopatia hipertréfica, dislipidemia,
aterosclerose, doencas respiratérias além de estar relacionada com alteracbes
metabdlicas dos descendentes (HUBERT et al., 1983; KOPELMAN, 2000, PATTI,
2013).

Programacéo metabdlica
A gestante obesa apresenta resposta inflamatoria exagerada, com
acumulo de macrofagos e intensa producdo de mediadores pro-inflamatorios
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(CHALLIER et al., 2008). Alteracdes induzidas pelo perfil inflamatério materno se
estendem a placenta, sugerindo que a obesidade expbe o feto em
desenvolvimento a um ambiente inflamatoério, através do qual, fendtipos
programados podem manifestar-se na vida adulta (PUDER; MUNSCH, 2010;
GUPTA et al.,, 2011; JUONALA et al., 2011). Desta forma, a nutricdo exerce
grande influéncia sobre o desenvolvimento dos organismos, especialmente em
periodos criticos do desenvolvimento, incluindo a gestacdo, lactacdo e o0s
primeiros meses de vida (SILVEIRA et al., 2007). A caracteristica do ambiente
nutricional nestas “janelas criticas” € o principal fator determinante para o
crescimento do individuo (MCMILLEN; ROBINSON, 2005; ALFARADHI; OZANNE,
2011; HOFFMAN, 2014).

Levando em consideracdo o estado nutricional materno e sua forte
relacdo com o desenvolvimento, Hales e Barker (2001) propuseram a teoria do
“fendtipo econdmico”, sugerindo que o desenvolvimento do feto fosse sensivel ao
ambiente nutricional gestacional e lactacional. Portanto, o metabolismo de um
individuo apresenta grande capacidade de se adequar a diversos fatores
ambientais, aumentando sua capacidade de sobrevivéncia a condicbes adversas
(SCHEINER, 1993). A programacao fetal tem inicialmente carater adaptativo e
protetor. Em periodos onde os fetos de mamiferos vivem em ambiente
gestacional adverso, alteracdes permanentes em seu metabolismo e estrutura
ocorrem em resposta a caréncia nutricional. Nesta fase de adaptacdo ocorre a
priorizacdo da estrutura de alguns 6rgdos, principalmente o sistema nervoso
central (SNC), possibilitando assim proporcionar a sobrevivéncia do feto
(GOTTILIEB; CRUZ; BODANESE, 2008). Considerando que essas alteragcbes
tenham sido permanentes, esse organismo em desenvolvimento podera
responder de maneira ndo adequada a variacdes na ingestdo alimentar quando
adulto. Nesse contexto, se esse individuo for exposto a maior disponibilidade de
nutrientes na vida adulta, seu organismo pode apresentar maior predisposi¢cdo ao
acumulo de energia, apresentando hiperfagia e aumentado contetdo de tecido
adiposo, favorecendo a instalacdo de doencas metabdlicas (BARKER, 2007).

Em humanos, estudos demonstram que a exposicdo a hiperglicemia
durante a gestacéo provoca a expansao do tecido adiposo nos filhos, predispondo
ao risco de desenvolvimento de obesidade e DM-2 quando adultos, comparados a
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irmaos nascidos antes do desenvolvimento da doenca nas mées (DABELEA et al.,
2000). Em um estudo de coorte, conduzido no Reino Unido, mais de 900
mulheres e seus bebés foram acompanhados desde a gestacédo até os seis anos
apos o nascimento. Os autores encontraram associacao direta do ganho de peso
excessivo materno na gestacdo com maior adiposidade das criangcas ao
nascimento e entre 4 e 6 anos (CROZIER et al.,, 2010). Assim, a obesidade
materna pode “alimentar um ciclo vicioso”, aumentando o0 risco para O
desenvolvimento desta doenca na primeira e segunda geracdo, acelerando a
epidemia da obesidade (PATTI, 2013).

Estudos utilizando modelos animais demonstraram que proles adultas
de ratas obesas e hiperglicémicas possuiam seis vezes mais chances de
apresentarem RI e aumento de 20% na gordura corporal, comprimento naso-anal
(CNA) e presséo arterial mais elevada e intolerancia a glicose. Essas alteragdes
foram detectadas ja no inicio da vida e se mantiveram a longo prazo (BUCKLEY;
JAQUIERY; HARDING, 2005).

Pesquisas ainda apontam diferencas intersexuais na resposta
metabdlica e epigenética da obesidade pré-concepcional e gestacional. Em
estudo realizado com camundongos sobre os efeitos da obesidade materna
induzida por dieta rica em gordura concluiu-se que machos e fémeas da prole
desenvolveram hipercolesterolemia e hiperinsulinemia, sendo que o0s
descendentes masculinos apresentaram maiores consequéncias. Os resultados
desse estudo fornecem evidéncias adicionais dos efeitos prejudiciais da
obesidade materna sobre o colesterol e sensibilidade a insulina dos descendentes,
gue se manifestaram de modo diferente entre os sexos (DAHLHOFF et al., 2014).

As alteracdes derivadas das condi¢cdes ndo ideais, as quais o feto &
submetido em casos de obesidade materna, sdo denominadas modificacdes
epigenéticas (MARMO et al., 1994). O conceito de epigenética foi introduzido por
Waddington em 1939, e, mais tarde, relacionado a alteracbes na expressao
génica hereditaria, onde ndo héa alteragbes na sequéncia do DNA (acido
desoxirribonucléico), mantendo-se a integridade do genoma (WEBER et al., 2007;
ESTELLER, 2008). A metilacdo do DNA e modificacbes das histonas séo dois
mecanismos importantes para a epigenética, que atuam na regulacdo génica,

desenvolvimento e carcinogénese (JONES et al., 2002). Os microRNAs (miRNAS)
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também podem desempenhar papel importante no controle da metilacdo do DNA
e modificagdes das histonas. Estes fazem parte do grupo dos pequenos RNAs
nao codificantes de proteinas e atuam na regulacdo pods-transcricional da
expressao génica (WILFRED; WANG; NELSON, 2008). A expressao de diversos
mMiRNAs tem sido associada a regulacdo do crescimento, diferenciagdo e morte
celular e, principalmente, ao metabolismo energético, incluindo a homeostase da
glicose e metabolismo lipidico hepatico (LAGOS-QUINTANA et al., 2002; BARTEL,
2004).

Metabolismo lipidico hepatico

O figado €& considerado um 6rgdo essencial no controle do
metabolismo lipidico e glicémico, atuando no direcionamento das gorduras com
base nas condigdes hormonais e metabdlicas dos individuos e fornecendo para
os tecidos periféricos o substrato energético necesséario (SPASSIANI; KUK, 2008).
Os lipideos podem ser armazenados, oxidados para a producdo de adenosina
trifosfato (ATP) ou encaminhados para os tecidos periféricos pelas lipoproteinas
de densidade muito baixa (VLDL), sendo utilizados pelo musculo esquelético e
armazenados pelo tecido adiposo (DURSTINE et al., 2002; NGUYEN et al., 2008).

Os metabdlitos provindos da digestéo alimentar sdo transportados até
o figado, por meio do sistema porta-hepatico. A glicose é transportada,
principalmente pelo transportador de glicose tipo 2 (GLUT2), para o interior do
citoplasma do hepatdcito, onde é fosforilada pela enzima glicoquinase (GCK) a
glicose-6-fosfato, a qual € convertida em glicose-1-fosfato (G1P) pela enzima
fosfoglicomutase. Por acdo das enzimas UDP-glicose pirofosforilase e glicogénio
sintase, a G1P pode ser adicionada as cadeias de glicogénio. Quando a
capacidade de armazenamento de glicogénio hepatico é saturada, a glicose é
redirecionada a sintese de acidos graxos (AG), processo denominado lipogénese
de novo hepatica (LDN) (Fig. 1; RUI, 2014). Em condi¢des fisiolégicas normais, 0s
triglicerideos (TG) ndo sdo armazenados no figado em grandes quantidades,
sendo transportados principalmente ao tecido adiposo e muscular via lipoproteina
de densidade muito baixa (VLDL) (KOEPPEN; STANTON, 2009).
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Figura 01: Lipogénese de novo e formacao das lipoproteinas de densidade muito baixa
(VLDL). Transportador de glicose tipo 2 (GLUT?2); Glicoquinase (GCK); Piruvato quinase
hepatica (LPK); Acetil-CoA carboxilase (ACC); Acido graxo sintetase (FASN); Estearoil-
CoA desaturase-1 (SCD-1); Triglicerideos (TG); Acidos graxos (AG); Proteina de
transferéncia de triglicerideos microssomal (MTTP); Ciclo do &cido tricarboxilico (TCA) e
tecido adiposo (TA), segundo Dentin; Girard; Postic, 2005.
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Na LDN, a glicose é convertida a gliceraldeido-3-fosfato (G3P),
fosfoenolpiruvato e piruvato por meio da enzima piruvato quinase hepatica (LPK).
A oxidacdo do piruvato produzido gera acetil-CoA, o qual é conduzido a
mitocondria para se integrar ao ciclo do &cido tricarboxilico (TCA). A elevada
concentracdo de ATP e fosfato de dinucleotideo de nicotinamida e adenina
(NADPH), decorrente do estado alimentado, inibe a progressao do citrato no TCA,
induzindo ao acumulo intramitocondrial deste metabdlito. Ocorre, entdo, o
transporte de citrato ao citoplasma do hepatécito, sendo convertido a acetil-CoA
(YAMASHITA et al.,, 2001). A enzima acetil-CoA carboxilase (ACC) catalisa a
transformacdo de acetil-CoA a malonil-CoA, o qual & transformado em &cido
palmitico, por adicOes repetidas de grupos acetil pelo complexo enzimatico de
acido graxo sintetase (FASN). O acido palmitico pode ser dessaturado pela
enzima estearoil-CoA desaturase-1 (SCD-1), formando AG monoinsaturados. A
enzima glicerol-3-fosfato aciltransferase catalisa a esterificagédo do G3P com o AG
monoinsaturado recém-sintetizado, gerando &cido lisofosfatidico (LPA). O LPA é
substrato para a enzima acilglicerol fosfato aciltransferase catalisar a formacé&o de
acido fosfatidico (PA). Os PAs sdo processados com diacilgliceréis (DAG) pela
enzima lipina e, em seguida, pela formacédo de triglicerideo (TG) por acdo da
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enzima acil-CoA: diacilglicerol aciltransferase (BECHMANN et al.,, 2012;
KAWANO; COHEN, 2013).

Os TGs também podem ser provenientes diretamente da dieta, sem a
necessidade de glicose para sua formacao. Nesse caso, para serem absorvidos
pela mucosa intestinal, primariamente, recebem a secre¢do da vesicula biliar,
formando micelas, para melhor acdo das lipases. Ap6s a¢do dessas enzimas, 0S
TGs sao convertidos em monoglicerideos, diglicerideos, acidos graxos livres
(AGL) e glicerol, que séo ressintetizados a TG no interior dos enterécitos. Os TGs
podem ser direcionados a circulacdo sanguinea, formando os AGL ou agrupados
em fosfolipideos (PL), colesterol (COL) e apoproteinas (apo) especificas
(principalmente apoB48, apoCll e apoClll), formando a lipoproteina quilomicrom
(QM). Devido ao seu tamanho, os QM movem-se da mucosa intestinal para o
sistema linfatico e para a corrente sanguinea, onde séo transportados para 0s
musculos e tecido adiposo (NELSON; COX, 2002).

A apoCll presente nos QM atua como ativador da enzima lipoproteina
lipase (LPL), também presente nos capilares do tecido adiposo e muscular. A
funcdo desta enzima é hidrolisar o TG a glicerol e AGL, para que possam sofrer
influxo para o interior celular. Uma vez no citoplasma da célula adiposa ou
muscular, os AGL s&o reesterificados e armazenados na forma de TG ou
oxidados para a formacdo de ATP, respectivamente. A medida que vai sendo
transportado pelos tecidos, o QM tem sua quantidade de TG reduzida e passa a
ser denominado remanescente de QM. Estes sdo depurados pelo figado pelo
processo de endocitose mediada pelo receptor de apoE. Ao entrar no figado por
essa via, os TGs podem ser oxidados para producéo de ATP ou corpos cetdnicos
guando o organismo necessita de energia. Entretanto, quando a dieta fornece
maior aporte de AGL que o0 necessario, eles sédo convertidos em TG e
empacotados como VLDL (KOEPPEN; STANTON, 2009).

Tanto os TGs hepaticos provenientes da LDN quanto os oriundos da
dieta sdo transportados ao tecido adiposo pelas VLDLs. A sintese dessa
lipoproteina tem inicio no reticulo endoplasmatico do hepatocito através da
proteina de transferéncia de triglicerideos microssomal (MTTP). Essa proteina
realiza a transferéncia de PL, TG, COL livre e ésteres de COL para a apoB

durante o processo de translacdo, dando origem a uma molécula de pré-VLDL.
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Posteriormente, essa molécula se une a MTTP e forma a VLDL madura, a qual é
secretada pelo figado (MCGARRY; FOSTER, 1980; TOMKIN; OWENS, 2015).
Dessa forma, o TG é transportado via VLDL do figado ao tecido adiposo, onde é
hidrolisado pela LPL dos capilares (NELSON; COX, 2002). A MTTP pode ser
regulada por hormdnios e macronutrientes, em niveis transcricionais, pos-
trascricionais e pos-translacionais. Por exemplo, a insulina reduz a transcricdo do
gene de MTTP em células hepaticas e consequentemente diminui a secrecdo de
VLDL, visto que sua producdo € dependente de MTTP (HAGAN et al., 1994;
HUSSAIN; NIJSTAD; FRANCESCHINI, 2011).

A medida que vdo sendo hidrolisadas pela LPL, as VLDLs tém seu
tamanho reduzido e se transformam em lipoproteinas de densidade intermediaria
(IDL). Grande parte das IDLs sdo rapidamente captadas pelo figado através de
receptores especificos. O restante continua circulando e transformando-se em
LDL, as quais contém pouco TG, mas sao ricas em ésteres de COL e preservam
apenas a apoB-100 (GINSBERG; TUCK, 2001; KOEPPEN; STANTON, 2009).
Entretanto, os tecidos extra-hepaticos ndo sdo capazes de degradar o COL e
necessitam de alternativas para descarta-lo. Para isso, o figado, intestino delgado
e macrofagos sintetizam a HDL, através da secrec¢do de apoAl. O fornecimento
de PL e COL livre dos QM e VLDLs a apo Al desencadeia a formacéo da pré-B-
HDL, a qual recebe o COL liberado pelas células, principalmente pelos
macrofagos. Na medida em que vai passando pelos tecidos, essa molécula vai se
tornando uma HDL rica em ésteres de COL. A enzima lecitina colesterol
acetiltransferase transforma os PL em éster de COL que acabam formando um
ndcleo na molécula, o que confere seu formato redondo e a torna uma HDL
madura, necessitando, assim, transportar o COL ao figado. Esse processo é
conhecido como transporte reverso de COL, onde a HDL madura recebe TG do
QM e transfere ésteres de COL ao remanescente de QM, VLDL e LDL por
intermédio da proteina de transferéncia de éster de COL e pela proteina de
transferéncia de PL, e os transfere ao figado para posterior reutilizagdo ou
excrecdo na forma de sais biliares. Essa transferéncia ocorre por agdo da enzima
lipase hepética e transportadores do tipo SRB (STEIN; STEIN, 1999; RUI, 2014).

Quanto a funcdo catabdlica hepatica, em estado de jejum, os TGs

armazenados no tecido adiposo necessitam ser mobilizados para fornecimento
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energeético. Concentracdes altas de catecolaminas, glucagon e baixas de insulina,
estimulam a fosforilacdo da lipase sensivel a horménio (LHS), que hidrolisa os TG
dos adipdcitos liberando AGL e glicerol. No sangue, os AGL séo transportados
pela albumina até os tecidos, entre eles o figado, onde sédo encaminhados para as
vias B-oxidativas (KOEPPEN; STANTON, 2009). No hepatdcito, AG de cadeia
longa (AGCL) sdo oxidados via (3-oxidacdo para manutencdo das quantidades de
ATP necesséario, o0 que pode ocorrer na mitocondria ou no peroxissomo
(MURTHY; PANDE, 1994; LIMA et al.,, 2005). Os mecanismos envolvidos na
oxidagdo sdo semelhantes em ambas estruturas, exceto no tipo de AG utilizado
pela mitocondria (AG derivados da dieta) ou pelo peroxissomo (conjunto diferente
de AG e seus derivados). Na B-oxidacdo peroxissémica, a enzima acil-CoA
oxidase (ACO) catalisa os primeiros e determinantes passos desse processo
(WANDERS, 2004). Ja na B-oxidacdo mitocondrial, os AGLs séao ativados na
membrana mitocondrial externa por esterificacdo com a coenzima A, formando
tio-ésteres Acil-Coa graxos. Estes interagem com a enzima carnitina palmitoil-
transferase la (CPT-l1la), localizada na membrana externa da mitocondria e
responsavel por sua conversdo em ésteres graxos do tipo Acil-carnitina. Estes
ultimos s&o entdo conduzidos através da membrana mitocondrial interna até a
matriz mitocondrial, onde o grupo Acil-Coa graxo interage com uma proteina
periférica presente no lado interno da mitocdndria, a carnitina palmitoil-transferase
2 (CPT-2), formando novamente acil-CoA (KERNER; HOPPEL, 2000; LIRA, 2010).
Apés, o produto da CPT-2 passa por ciclos de -oxidacdo, onde NADH e FADH
também s&do formados, os quais transferem seus elétrons para a cadeia
respiratoria. Como esses elétrons migram até o citocromo-C-oxidase e 0s prétons
sao expulsos a partir da matriz mitocondrial para o espaco intermembranar, cria-
se um gradiente eletroquimico, cuja energia € utilizada pelo sistema ATP sintase
para a geracao de ATP, que € expulso pela adenina nucleotideo translocase em
troca de adenosina difosfato citosolicos (PESSAYRE et al., 2001; NELSON; COX,
2002).

Os fatores de transcricdo regulam a expressédo dos genes envolvidos
com o processo de B-oxidacdo hepatica e lipogénese (Fig. 2) (HORTON;
GOLDSTEIN; BROWN, 2002; KOEPPEN; STANTON, 2009). As proteinas de
ligacdo do elemento regulador de esterol (SREBP) séo fatores de transcricdo que
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regulam a expressdo de genes envolvidos na sintese de COL (SREBP-2), AG
(SREBP-1c) ou ambos (SREBP-1b). Estudos tém demonstrado que a insulina
ativa a SREBP-1c que, por sua vez, estimula a transcricdo dos genes lipogénicos
(ACC, FASN e SCD-1) e, por consequéncia, a lipogénese hepatica (FORETZ et
al., 1999; SHIMOMURA et al., 1999; AZZOUT-MARNICHE et al., 2000).

Outro fator de transcricdo € a proteina de ligagdo do elemento
responsivo a carboidratos (ChREBP) induzido pela glicose, independente da
insulina, estimula a expressédo 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 é 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 reducado de TG por diversos mecanismos, sendo 0s
principais: reducéo da expressao de SREBP-1c e LXR, com consequente reducdo
da lipogénese e indugdo da B-oxidacdo através do aumento da expressdo do
receptor ativado pelo proliferador de peroxissomos-a (PPAR-a) (MODICA,
GADALETA; MOSCHETTA, 2010; TEODORO; ROLO; PALMEIRA, 2011), o
principal regulador da [-oxidacdo dos AGCL nas mitocondrias e nos
peroxissomos. No periodo de jejum, sua expressdo é aumentada estimulando a
oxidacdo dos AG (HUANG et al., 2012).
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Figura 2: Fatores de transcricdo envolvidos com o metabolismo lipidico. farnesoid X
receptor (FXR); Receptor ativado pelo proliferador de peroxissoma-a (PPAR-a); Acil-CoA
oxidase (ACO); Carnitina palmitoil-transferase-1 (CPT-1); Receptores X do figado (LXR);
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Proteina de ligagdo do elemento regulador de esterol-1c (SREBP-1c); Acetil-CoA
carboxilase (ACC); Acido graxo sintetase (FAS); Estearoil-CoA desaturase-1 (SCD-1);
Proteina de ligacdo do elemento responsivo a carboidratos (ChREBP); Piruvato quinase
hepatica (LPK), segundo Berlanga et al., 2014.

As alteracbes nos processos descritos acima, que levam ao
desequilibrio na captacdo e eliminacdo de TG nos hepatdcitos, podem levar ao
acumulo de TG no citoplasma. Isso pode ocorrer devido as seguintes situacdes:
1) aumento da absorcédo de AG da circulagédo, que sao provenientes de uma dieta
altamente calorica ou da lipdlise do tecido adiposo; 2) sintese de novo AG pela
ativacao da via lipogénica; 3) diminuigdo da 3-oxidacao de AG, e 4) diminui¢cao da
secrecdo hepatica de VLDL (ANGULO, 2002; MCCULLOUGH, 2006; ZAMBO et
al., 2013; BERLANGA et al., 2014). Esse acumulo de TG no hepatdcito pode
resultar no desenvolvimento da doenca hepéatica gordurosa nao alcodlica
(DHGNA).

Doenca hepatica gordurosa nao alcodélica (DHGNA)

A DHGNA ou NAFLD, do inglés Nonalcoholic Fatty Liver Disease, é
caracterizada pela deposicao de lipideos nos hepatdcitos, cujo quadro patoldgico
se assemelha ao da lesdo hepética induzida pelo alcool, porém ocorre em
individuos sem histérico de consumo abusivo da droga (DIEHL et al., 1999;
ANGULO, 2002; MARCHESINI et al., 2003).

A DHGNA inclui um espectro de doencas hepaticas cronicas variando
de simples esteatose hepéatica (EH), onde o figado apresenta apenas acumulo de
lipideos, até esteato-hepatite ndo alcodlica (EHNA). Nesse caso, além do
acumulo de lipideos tem presenca de inflamacdo e degeneracdo hepatocelular,
podendo estar acompanhada do aparecimento de fibrose e até mesmo evoluir
para a cirrose hepatica e carcinoma hepatocelular (CHALASANI et al., 2012;
WILLEBRORDS et al.,, 2015). A DHGNA é a doenca hepéatica mais comum no
mundo ocidental e afeta todos os grupos raciais e étnicos, sem predilegdo por
sexo ou idade, e € a causa de elevagao assintomatica de aminotransferases em
45 a 90% dos casos. A prevaléncia dessa doenca aumenta significativamente em
obesos, podendo chegar de 50 a 75% (CARVALHEIRA; ZECCHIN; SAAD, 2002).
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Estima-se que 1 bilhdo de pessoas atualmente sofrem de alguma forma de
DHGNA (LOOMBA; SANYAL, 2013).

O mecanismo molecular subjacente a progressdo da DHGNA néao é
completamente compreendido, sua patogénese tem sido interpretada pela
hipétese de “duplo-hit”. O “primeiro hit” inclui o0 acumulo de lipideos no figado,
seguido pelo “segundo hit”, onde mediadores pro-inflamatérios induzem a
inflamacéo, lesdo hepatocelular e fibrose (DAY; JAMES, 1998).

A caracteristica do “primeiro hit” da DHGNA é o acumulo de TG no
citoplasma dos hepatécitos em decorréncia do desequilibrio entre a entrada e a
saida de lipideos. Ocorre 0 aumento na absorcao hepética de AGLs derivados da
circulacao, devido ao aumento da lipolise do tecido adiposo e/ou a partir da dieta
em forma de QM. Ocorre também o aumento na concentracdo de glicose e
insulina em resposta a ingestdo de carboidratos, que promovem a LDN. Esses
eventos sao acompanhados pela diminuicdo da oxidagdo mitocondrial de AGL e
diminuicao na secrecéo hepatica de TG na forma de VLDL. Ou seja, em pacientes
com DHGNA o aumento na aquisicdo de AG por captacdo e LDN, ndo séo
compensados pela oxidacdo de AGL e producdo de VLDL (ANSTEE; GOLDIN,
2006; BERLANGA et al., 2014).

O “segundo hit” é geralmente atribuido ao estresse oxidativo, que
causa peroxidacao lipidica na membrana do hepatdcito, e também a producéo de
citocinas que sdo, em parte, responsaveis pela progressao de EH para EHNA e
cirrose. Toxinas bacterianas, hiperproducéo de citocinas, especialmente o fator de
necrose tumoral- a (TNF-a), alteracdo dos estoques de ATP e da atividade do
citocromo P450 parecem ser gatilhos importantes para a progressao da doenca e
fiorogénese (DAY; JAMES, 1998; ANGULO, 2002; SASS; CHANG; CHOPRA,
2005).

O metabolismo lipidico hepatico dos descendentes pode ser
influenciado pela dieta materna. Em modelos animais, a obesidade materna e/ou
ingestdo de uma dieta rica em gordura durante a gravidez pode programar a
adiposidade, RI, dislipidemias, hipertensdo e EH na prole (GREGERSEN et al.,
2005; KHAN et al., 2005; MCCURDY et al., 2009; ASHINO et al., 2012; SONG et
al.,, 2012; SOUZA et al, 2012). Em humanos, estudos mostram efeitos
semelhantes, onde a obesidade materna pré-gravidez € associada ao aumento da



21

obesidade, disfuncdo cardiovascular, Rl e EH na infancia, adolescéncia e vida
adulta do individuo (MINGRONE et al., 2008; PIRKOLA et al., 2010).

Sabe-se que 0 excesso de lipideos é armazenado no tecido adiposo
branco, em condicbes homeostaticas, porém o desenvolvimento deste tecido so
ocorre apods o terceiro trimestre gestacional (SYMONDS et al., 2003). Portanto,
acredita-se que a obesidade materna, que expde o figado fetal ao excesso de TG,
adipocinas e outros fatores, provoca alteragcdes na expressdo de genes que
regulam positivamente a lipogénese e negativamente a lipolise, o que contribui
para a acumulacao hepética de lipideos e para o estado inflamatério (SEGOVIA et
al., 2014).

McCurdy e colaboradores (2009) demonstraram os efeitos da
programacdo em resposta a dieta materna hiperlipidica em macacos.
Curiosamente, nem todas as maes que receberam a dieta desenvolveram
obesidade e RI. No entanto, quando analisada durante o terceiro trimestre de
prenhez, machos e fémeas da prole de maes alimentadas com dieta hiperlipidica
demonstrou sinais de EHNA, tais como a inflamacéo hepatica, acimulo de TG e
ativacdo prematura do gene gliconeogénico. Altas concentracdes de TG também
foram observadas aos 30 e 180 dias de vida desses animais, além da duplicacao
na porcentagem de gordura corporal. Coletivamente, esses resultados sugerem
gue um feto em desenvolvimento é altamente vulneravel ao excesso de lipideos,
independente da obesidade e/ou diabetes materna, onde a exposicéo a esta pode
aumentar o risco de DHGNA nos descendentes (MCCURDY et al., 2009).

Resultados semelhantes foram reproduzidos em ratos alimentados com
dietas ricas em gordura durante a gestacdo e a lactacdo. A prole apresentou
ganho de peso, aumento dos depdsitos de gordura, elevagdo das concentracdes
séricas de insulina, TG e citocinas pro-inflamatorias (PARK et al., 2010; ASHINO
et al., 2012). Em proles de ratas alimentadas com dieta hiperlipidica durante a
gestacao, lactacdo ou em ambas, foi observada EH. A expressédo de SREBP-1c
foi maior entre os filhotes cujas maes receberam dieta durante a lactagcéo e
durante a lactacdo e gestacao, indicando estimulacdo da transcricdo de genes
lipogénicos e sintese dos AG (GREGORIO et al., 2010). Além disso, a maioria
dos estudos que investigam os efeitos da programacgéo da obesidade materna

observam “deficiéncias acentuadas” na prole masculina, porém o motivo para
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essas diferencas intersexuais ndo é bem compreendido. Para o tratamento da
DHGNA, é indicada a perda de peso, incluindo tratamento medicamentoso,
acompanhamento nutricional e pratica de exercicios fisicos. Porém, em muitos
casos de obesidade mérbida, essas medidas ndo apresentam a eficacia esperada
e o individuo acaba recorrendo aos procedimentos operatorios (JEFFERY et al.,
2000).

Operacao bariatrica

Os procedimentos bariatricos tém emergido como estratégia efetiva no
tratamento do obeso moérbido, causando perda de peso duravel e, além disso,
melhoram a glicemia, dislipidemia, previnem a hipertensao arterial e o DM-2
(BRINCKERHOFF et al., 2013; KASHYAP et al., 2013; SCHAUER et al., 2014).
Os mecanismos de acdo da operacdo bariatrica sdo complexos e envolvem
multiplos sinais neuroenddcrinos que exercem efeitos no sistema nervoso central,
assim como em Orgaos periféricos, constituindo um amplo campo para estudos
(FRUHBECK, 2015).

A intervencao cirdrgica no tratamento da obesidade teve seus primeiros
estudos na década de 50, quando as primeiras técnicas consistiam em criar
grande efeito disabsortivo por meio da exclusdo de grande parte do intestino
delgado (HYDOCK, 2005; MANCINI, 2006).

Tradicionalmente, as operacdes bariatricas sdo classificadas em
restritivas, disabsortivas e mistas. Nas restritivas, o Unico 6rgdo modificado é o
estdbmago, visando provocar a reducdo da cavidade gastrica, assim, 0 paciente
terd a sensacdo de saciedade com menor quantidade de alimento. As mais
comuns sdo: gastroplastia vertical com bandagem, baldo intragastrico e
bandagem gastrica ajustavel por video (DAMASO; TOCK, 2005). Ja os
procedimentos disabsortivos (derivacdo duodenal-jejunal e derivacéo jejuno-ileal)
envolvem altera¢cdes no trato intestinal que provocam a diminuicdo da area de
absorcdo de nutrientes (TACK; DELOOSE, 2014). Nas operagfes bariatricas
mistas, além do estdbmago, o intestino do paciente também € alterado, somando-
se os efeitos de ambos os procedimentos. As técnicas mistas mais conhecidas
sdo a DGYR e a derivacgdo biliopancreatica (DBP) (BALTASAR et al., 1996).
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A DGYR caracteriza-se como procedimento misto por reduzir o volume
do estdbmago associado ao desvio de uma porc¢éo do intestino, e tornou-se padréo
ouro dentre as operacdes bariatricas, sendo o procedimento mais comumente
realizado para perda de peso (KARRA; YOUSSEIF; BATTERHAM, 2010). Entre
outros efeitos, esse procedimento melhora a hiperglicemia e frequentemente
causa remissdo do DM-2 em pacientes com obesidade moérbida, levando a
melhora na sensibilidade a insulina e na fungdo da célula B-pancreatica
(ANDERWALD et al., 2012).

Quanto ao efeito do procedimento bariatrico sobre o perfil lipidico,
Holdstock e colaboradores (2005) verificaram que entre seis e doze meses apds o
procedimento de DGYR em pacientes com obesidade mérbida, houve reducdo
das concentracfes plasmaticas de insulina, TG, COL total e lipoproteina de
densidade baixa (LDL). Um ano apés o procedimento houve aumento da
lipoproteina de densidade alta (HDL). ApOs a realizagdo do procedimento
bariatrico de DGYR em humanos que apresentavam obesidade hipotalamica,
verificou-se melhora na homeostase glicémica e lipidica desses pacientes, bem
como perda de peso e diminuicdo da hiperfagia (HOLDSTOCK et al., 2005;
TENGHOLM; GYLFE, 2009).

Hady e colaboradores (2012) avaliaram o efeito da gastrectomia
vertical em sleeve (GVS) em pacientes obesos, sete dias, um, trés e seis meses
apos o procedimento cirargico. Verificou-se reducdo da massa corporal um més
apos a cirurgia e melhora na concentracdo de grelina, insulina e glicose sete dias
apos o procedimento cirdrgico. Em relacdo ao perfil lipidico, observaram que a
concentracdo de TG reduziu um més apds a gastrectomia, mantendo-se reduzida
aos trés e seis meses. O COL total e LDL apresentaram concentracdes reduzidas
aos trés meses pos-cirurgia.

Em 2013, Buzga e colaboradores utilizando-se da GVS observaram
melhora no peso corporal, na homeostase da glicose e na concentracdo de TG
em mulheres obesas seis meses ap0s o procedimento cirdrgico. Nao houve
diferencas na concentragdo da LDL. Foram demonstrados em ratos obesos, 50
dias apos a realizacdo dessa mesma operacdo, reducdo na concentracao
plasmatica de TG, COL e fosfolipidios de jejum (STEFATER; WILSON-PEREZ;
CHAMBERS, 2012; BUZGA et al., 2013).
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Um estudo sobre o impacto do procedimento bariatrico na
DHGNA/EHNA foi realizado por Rabl e Campos (2012). Foram analisadas quatro
técnicas operatérias distintas, sendo elas: DGYR (doze estudos); banda gastrica
ajustavel (dois estudos); derivacdo biliopancreatica/desvio biliopancreatico com
duodenal Switch (dois estudos) e gastroplastia vertical (quatro estudos),
totalizando vinte estudos realizados entre 1990 e 2011. Para cada um dos
estudos, foi relatada a quantidade de meses apds a operacdo onde ocorreu a
segunda biopsia e os resultados da mesma que buscavam avaliar trés critérios:
esteatose, inflamagéo e fibrose. O resultado da histologia para EH verificado na
segunda bidpsia hepética demonstrou melhora significativa nesse parametro, em
gue dezenove estudos, do total de vinte, mostraram que 0s pacientes apés a
operacdo bariatrica apresentaram reducdo no acumulo de lipideos hepéticos.
Também verificou-se uma melhora no estado inflamatério em quinze estudos e
melhora no quadro de fibrose em treze estudos. Sendo assim, pode-se observar,
por meio de estudos histologicos, que houve melhora no figado da maioria dos
pacientes portadores da DHGNA e EHNA, ap6s a operacdo bariatrica (RABL;
CAMPOS, 2012).

Um fator importante na determinacdo da progressao dos danos
hepéticos nesses pacientes esta intimamente relacionado com a acelerada perda
de peso que ocorre apO0s os procedimentos cirargicos. Essa situacao leva ao
aumento excessivo da lipdlise e consequentemente ao acumulo de AGCL no
figado, podendo acarretar piora precoce e transitoria nesses pacientes (VERNA;
BERK, 2008). Entretanto, poucos estudos tém demonstrado se a perda de peso e
a melhora metabdlica pés-operatdria pode prevenir os efeitos deletérios da
obesidade sobre parametros metabdlicos dos filhos. Estudos demonstram que
criancas nascidas apds a operacao bariatrica materna de DBP exibem menor
prevaléncia de obesidade severa, maior sensibilidade a insulina e melhora no
perfil lipidico, quando comparadas com o0s irmaos que nasceram antes do
procedimento cirargico materno (KRAL et al., 2006; SMITH et al., 2009). Guénard
e colaboradores (2013) verificaram superexpressao e metilacdo génica diferencial
em cinco vias imunes e inflamatdrias em criancas nascidas apos o procedimento
baridtrico materno de DBP em relacdo aos irmaos nascidos antes do

procedimento cirargico nas méaes.
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Em animais, um estudo utilizando ratas obesas pela dieta hiperlipidica
submetidas a GVS, verificou que a prole apresentou reducdo do peso e do
tamanho em relacdo a prole de maes controle. Quando a dieta hiperlipidica foi
mantida até a puberdade, verificou-se que o0s animais nascidos de maes
submetidas a GVS apresentaram propensdo ao desenvolvimento de intolerancia a
glicose e aumento da adiposidade comparada aos animais de maes controles
(GRAYSON et al., 2013).

Modelo animal paraindugédo da obesidade

Para compreender os mecanismos envolvidos na fisiopatologia da
obesidade, sdo utilizados diferentes modelos animais experimentais. Estes
modelos podem ser de origem genética, como os camundongos ob/ob e db/db
(BRAY; YORK, 1979; GAO et al., 2013), ou podem ser induzidos, como, por
exemplo, pela ingestdo de dieta CAF (SAMPEY et al., 2011), dietas hiperlipidicas,
injecbes neonatais de glutamato monossodico (MSG), entre outros (NAGATA et
al., 2006).

Dentre os modelos de dietas experimentais para roedores, utilizados
em laboratérios, a dieta CAF, ou dieta ocidentalizada, € o modelo que mais
assemelha-se a grande variedade de alimentos relacionados a pandemia da
obesidade na sociedade ocidental. Neste modelo, os animais tém acesso livre aos
alimentos e liquidos hipercaldricos selecionados. A dieta CAF promove hiperfagia
voluntéria, resultando em rapido ganho de peso, gordura abdominal e parametros
pré-diabéticos, além de disfungcdes neuronais duradouras, relacionadas a
alimentacdo desregulada, comuns em algumas formas humanas de obesidade
(SAMPEY et al., 2011).

Estudos de Sagae e colaboradores (2012) demonstraram que a
obesidade iniciada precocemente afeta o numero de odcitos e foliculos pré-antrais
e a espessura da camada folicular em ratas obesas pela dieta CAF. O pico pré-
ovulatorio de progesterona e horménio luteinizante também é afetado, porém o
pico de estradiol e prolactina ndo sdo alterados pela obesidade. A receptividade
sexual em ratas, ndo € comprometida pela obesidade e a hiperinsulinemia pode
estar associada as alteracfes na ovulagdo desses animais (SAGAE et al., 2012).

Dessa forma, a obesidade materna induzida por dieta pode ter influéncia
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permanente na expressao ¢génica dos descendentes, por interagir com
mecanismos epigenéticos que alteram a conformacdo da cromatina e a
acessibilidade dos fatores de transcricdo (GALLOU-KABANI; JUNIEN, 2005).
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ABSTRACT

Aims: We evaluated in obese female rats undergoing Roux-in-Y gastric bypass (RYBG),
the lipid profile and the gene and protein expression of enzymes involved in hepatic lipid
metabolism and its repercussion in male adult offspring.

Main methods: Wistar female rats rendered obese on a cafeteria diet (CAF) were
undergone to sham operation (CAF SHAM) or RYBG (CAF RYGB). After five weeks,
they began the mating period. The F1 male offspring obtained was named in CAF SHAM-
F1 and CAF RYGB-F1, who received standard diet.

Key findings: Maternal RYGB reduced weight, fat accumulation and improved serum lipid
profile, however it was observed grade 3 steatosis. This event may be related with the
reduction of de novo lipogenesis pathway and increased B-oxidation of the liver of the CAF
RYGB group. At 120 days of life, the group CAF RYGB-F1 presented body weight and fat
accumulation reduction, lower serum concentration of triglycerides and hepatic
content of cholesterol. ~ The  amount  of  mRNA of acetyl-CoA  carboxylase
(ACC) and estearoil-CoA desaturase-1 was lower, while the gene expression of carnitine
palmitoyl-transferase-1 was higher in the liver of animals of group CAF RYGB-
F1 compared to the group CAF SHAM-F1. The ACC and transfer protein microssomal
triglycerides were more expressed, while the enzyme fatty acid synthase and ACC
phosphorylated were less expressed in the CAF RYGB, compared to the group CAF
SHAM-F1.

Significance: The RYGB in CAF rats "improved obesity" after lactation. However, these
animals presented liver damage, which did not affect the offspring, despite alterations in
metabolic lipidic pathways.

Keywords: Obesity; Hepatic steatosis; Metabolic programming; Roux-en-Y gastric bypass.

1. Introduction

The consumption of CAF diet by rodents reproduces the central elements of obesity
in humans. Thus, the CAF diet promotes voluntarily hyperphagia, rapid weight gain,
accumulation of fat in the adipose tissue, hyperglycemia, hyperinsulinemia, dyslipidemia
and insulin resistance (IR), reproducing the profile of the metabolic syndrome observed in
human obese subjects [1].

Obesity predisposes to excessive accumulation of lipids in the hepatocyte,
culminating with liver diseases not related to alcoholism, the non-alcoholic fatty liver
disease (NAFLD) [2]. The first sign of NAFLD is hepatic triglyceride accumulation
(steatosis) [3], which may be caused by increased absorption of fatty acids (AG) in

circulation; increase inde novo lipogenesis (DNL); reduction of P-oxidation and/or
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reduction of very low density lipoproteins assembly and secretion of the liver (VLDLS) [4,
5].

Epidemiological studies show that the environment in critical periods, including
pregnancy, lactation and the first months of life, exert astrong influence on the
development of the individuals, being associated with the installation of diseases
throughout life, in particular obesity and its comorbidities [6]. This phenomenon is defined
as a metabolic programming, molecularly explained by epigenetics [7]. In this way,
the maternal obesity can "induce a vicious cycle" that culminates with the increase in the
epidemic of this disease [8].

The Roux-en-Y gastric bypass (RYGB) is one of the surgical bariatric techniques
most used and promotes rapid weight loss associated with improvement in glycemic profile,
lipid and IR [9]. That way, canbe one of the alternatives are most
effective in interrupting the vicious cycle caused by obesity. However, few studies have
demonstrated the effects of the RYGB about pregnancy and health of children [10-12].
Thus, the objective of this work was to evaluate in obese rats by CAF diet submitted to
RYGB, the lipid profile and the gene and protein expression of enzymes involved

in hepatic lipid metabolism and its impact on adult males of the offspring.

2. Materials and methods

2.1. Animal model

Experimental procedures are agreement with the Ethical Principles for Animal
Research established by the National Council for Control of Animal Experimentation
(CONCEA) and approved by the Institutional Committee for Ethics in Animal
Experimentation (CEUA/UNIOESTE). Thirty-two female Wistar rats (21 days of age)
were induced to obesity through the offering of the cafeteria diet (CAF) associated with the
soft drink degassed (modified to GOULARTE et al., 2012) [13]. During the entire
experimental period the rats were kept under light conditions (07h-19h) and temperature
(23 £ 2 °C) controlled. After 15 weeks of supply of CAF diet, the rats were randomly
subjected to RYGB (CAF RYGB, n=18) or sham operation (CAF SHAM, n=14). Five

weeks after the operation, the rats of both groups started the breeding season during the
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evening period, at the ratio of two females to one male. After verified pregnancy through
monitoring of the estrous cycle, the rats were placed individually in boxes, and during the
pregnancy and lactation period, continued to receive the CAF diet. The birth of the
offspring was considered postnatal day 0 and weaning occurred at 30 days of life. One
week after weaning the pups, the dams were euthanized. The first generation (F1) of the
male offspring obtained was named according to the treatment of mothers in CAF SHAM-
F1 (n=28) and CAF RYGB-F1 (n=14), from seven litters of rats CAF SHAM and five
litters of rats CAF RYGB, respectively. The puppies received standard diet for rodents
(BioBase, Aguas Frias, SC, BRA) of weaning to euthanasia, which occurred at 120 days of

age.

2.2. Roux-en-Y gastric bypass and sham operation

Preoperative procedures were performed as described by Meguid et al., (2004) [14].
The rats were deprived of food for 12 hours, and were anesthetized with isoflurane
(Isoforine®, Cristalia, Brazil, SP, BRA). The RYGB was performed according to Hao et
al., (2013) [15]. In the Sham group, a midline incision in the anterior abdominal wall was
made; the stomach, duodenum and intestines were massaged, and the incision was closed.
For the first two postoperative days (PO) was administered a daily dose of saline (20 mL-
0,9%) and sodium dipyrone (50 mg/kg, Medley, Germany). The rats of both groups
received water ad libitum, but were fasted until the third PO day. From the 4th to the 10th
PO day were offered CAF liquid diet and 350 ml of soft drink, after this period all the rats
returned to solid diet.

2.3. Assessment of Obesity

For euthanasia, the dams and the offspring were fasted for 8 hours, with free access
to water. A blood sample was collected from the tail vein for glucose measurement using a
glucose analyzer (Tech Free®, SD Biosensor, Korea). The final body weight (BW) and
nasoanal length were measured in all groups to obtain the Lee Index [from the ratio of
body weight (g) 1/3/Nasoanal length (cm) x 1000] [16], which was used as a predictor of
obesity in rodents. The rats were euthanized by decapitation and total blood samples were
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collected to obtain the serum. In addition, the retroperitoneal and perigonadal fat pads were
collected and weighed, as well as the liver.

2.4. Serum biochemical analysis

The whole blood was centrifuged at 4.000 revolutions per minute (rpm) for 15
minutes. From serum collected was performed the quantification of cholesterol
(CHOL), triglycerides (TG), high density lipoprotein (HDL), aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) using 4,600 VITROS chemistry system
equipment (Ortho Clinical Diagnostics, USA). The concentration of serum insulin was
measured by enzyme-linked immunosorbent assay (RIA) (Sigma-Aldrich Chemicals, St
Louis, MO, USA).

2.5. TyG index

The TG and glucose (TyG) index (Ln[fasting TG (mg/dL) x fasting glycemia
(mg/dL) / 2]) was calculated and used for insulin resistance evaluation in all groups of rats,
since it is a highly sensitive and specific method for assessing insulin sensitivity during the
fasting state [17].

2.6. Lipid content in the liver

The mothers’s and offspring’s liver was weighed and approximately 500 mg of the
left lobe were removed for determination of the total lipids extracted by the method of
Folch [18]. The extract was evaporated and then diluted in isopropanol. The TG and
CHOL liver content were measured through commercial kit, according to manufacturer's
instructions (Laborclin®, Bioliquid, Pinhais, PR, BR and Wako®, Germany,

respectively).

2.7. Liver histopathology

A liver sample was removed from the left lobe of each animal, in transverse direction

to the board. The material was fixed in 4% paraformaldehyde during 24 hours, dehydrated
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in alcohol ascending concentrations and after diaphanization in xylene was embedded in
histologically paraplast (Sigma Co, Saint Louis, MO). Slices of three microns in thickness
were prepared for staining with hematoxylin and eosin (H&E). The liver histopathology
was examined and graded according to the magnitude of steatosis, based on Brunt’s
classification with modifications for rodent models. Briefly, steatosis was graded (0-3), as
follows: 0, none to 5% of hepatocytes affected; 1, >5% to 30% affected; 2, >30% to 60%
affected; and 3, >60% affected [19].

2.8. Hepatic mRNA expression

Approximately 30 mg of the lobe side of liver was collected and stored in 150 ul of
RNAIlater® solution. The liver RNA was isolated using commercial kit (Promega,
Madison, USA) and the reverse transcription of mRNA was performed using the
Superscript 11 kit (Invitrogen, Carlsbad, CA, USA). The transcripts were detected using the
7500 Real-Time PCR system with the SYBR Green PCR Master Mix (Applied Biosystems,
Carlsbad, CA, USA). The Primer sequences used for gene expression in the ACC, FASN,
SCD-1, CPT-1 and MTTP were designed and purchased from the manufacturer (Sigma-
Aldrich Chemicals, St Louis, MO, USA) are shown in table 1. The amount of expression
of each gene was normalized by the internal control glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene.

Table 1

Primer sequences for Real-time PCR assays.
Gene Forward (5°-3’) Reverse (5°-3°)
ACC AGGAAGATGGTGTCCCGCTCTG GGGGAGATGTGCTGGGTCAT
FASN AGGTGCTAGAGGCCCTGCTA GTGCACAGACACCTTCCCAT
SCD-1 CAGTTCCTACACGACCACCACTA GGACGGATGTCTTCTTCCAGAT
CPT-1 CTCCTGAGCAGTTACCAATGC GAACCTTGGCTGCGGTAAGAC
MTTP CTTCTGCCTACACTGGCTACG GTTCTCCTCTCCCTCATCTGG

GAPDH GGAGAAACCTGCCAAGTATGATG AACCTGGTCCTCAGTGTAGCCCC
ACC - Acetyl-CoA carboxylase; FASN - Fatty acid synthase; SCD-1 - Estearoil-CoA

desaturase-1, MTTP - Microsomal triglyceride transfer protein; CPT-la - Carnitine

palmitoyltransferase 1a; GAPDH - Glyceraldehyde 3-phosphate dehydrogenase.
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2.9. Hepatic protein expression

For protein expression determination, a fragment of liver was solubilized in
homogenization buffer at 4°C (containing:100 mM tris pH 7.5, 10 mM sodium
pyrophosphate, 100 mM sodium fluoride, 10 mM EDTA, 10 mM sodium vanadate, 2 mM
phenylmethylsulfonyl fluoride and 1% Triton-X 100) using a Polytron MA 102 generator
(model MA 102/Mini; Piracicaba, SP, Brazil). After the addition of 10% Triton, the
homogenate was centrifuged at 12.000 rpm, at 4°C for 30 minutes to remove insoluble
material. Protein concentration was measured by the Bradford dye method, using BSA to
form a standard curve and Bradford reagent (Bio-Agency Lab., Sdo Paulo, SP, BRA). For
SDS gel electrophoresis and Western blot analysis, 80 pug of samples were homogenized
with loading buffer containing beta-mercaptoethanol. After heating at 97°C for 5 min, the
proteins were separated by electrophoresis and afterwards transferred to nitrocellulose
membranes that were subsequently blotted with polyclonal antibodies to Acetyl-CoA
carboxylase (ACC, Cell Signaling Technology, Boston, MA, USA), phosphoric acid-
acetyl-CoA carboxylase (pACC, Cell Signaling Technology, Boston, MA, USA), fatty acid
synthase (FASN, Santa Cruz Biotechnology Inc., USA), estearoil-CoA desaturase-1 (SCD-
1, Abcam, Cambridge, UK), carnitine palmitoyl-transferase-1 (CPT-1), transfer protein
triglycerides microssomal (MTTP). a-Tubulin was used as an internal control (1:1,000,
Sigma-Aldrich Chemicals, St Louis, MO, USA). Visualization of specific protein bands
was performed by incubating the membranes with goat anti-rabbit secondary antibody
(1:10,000; cat.7074, Cell Signaling Tecnology, Boston, MA, USA), followed by revelation
in the system of image capture L-Pix Chemi Express (Loccus Biotechnology®, Cotia, SP,
Brazil). The band intensities were quantified by optical densitometry using the LabImage

1D software of image analysis (Loccus Biotechnology®, Cotia, SP, BR).

2.10. Statistical analyzes

Results are presented as means + SEM. For statistical analyses, the groups were

compared using Student’s T Test (P < 0.05) and graphs were performed using GraphPad
Prism Software®© version 6.00 for Windows (San Diego, CA, USA).
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3.1. Maternal results

3.1.1. Bodily and serum parameters

51

The RYGB significantly decreased body weight, Lee index and retroperitoneal and
perigonadal fat pad in CAF RYGB female rats when compared with the CAF SHAM rats,

without influencing the nasoanal length (Tab. 2). Although the glucose and HDL

concentrations were similar between groups, the TG and CHOL serum concentrations were
lower in CAF RYGB animals group regarding to CAF SHAM group (Tab. 3). The TyG

index, used as a parameter for the evaluation of IR, was 25% lower in CAF RYGB group,

when compared to CAF SHAM group.

Table 2

Maternal body parameters after pregnancy and one week after lactation in CAF SHAM and

CAF RYGB rats.

CAF SHAM CAF RYGB
Body Weight (g) 321.0 +14.0 249.0+ 125"
Nasoanal lenght (cm) 21.0+£0.5 21.0+£0.3
Lee index 330.0+9.3 299.0+2.3"7
Retroperitoneal fat pad (g/100 g BW) 25+0.2 1.0+0.37
Perigonadal fat pad (g/100 g BW) 5.0+0.3 15+037"

Data are means = SEM (n=13-16 rats). **P < 0.01 and **** P < (0.0001 (Student’s T

Test).
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Table 3
Maternal fasting serum parameters after pregnancy and one week after lactation in CAF
SHAM and CAF RYGB rats.

CAF SHAM CAF RYGB
Glucose (mg/dL) 93.0+£4.50 91.0+£7.50
TG (mg/dL) 166.0 + 40.00 62.0 £5.60°
CHOL (mg/dL) 109.0 + 4.50 72046207
HDL (mg/dL) 55.0 + 1.10 51.0 +5.40
TyG index 4.0+0.08 3.0+0.07

Data are means = SEM (n=13-16 rats). *P < 0.05 and *** P < 0.001 (Student’s T Test).

3.1.2. Liver’s parameters

The serum ALT concentration was 52% higher in CAF RYGB group than CAF
SHAM group, and the AST concentration was similar in both groups (Fig. 1A). The
RYGB surgical intervention increased liver weight (77%), as well as, the liver total lipids
content (113%) and TG (108%) in group CAF RYGB, when compared to CAF SHAM
group, without influencing the liver CHOL content (Fig. 1C, F). Macroscopically, it is
possible to observe that CAF RYGB rats liver has yellowish color (characteristic of liver
steatosis) (Fig. 1H), when compared to CAF SHAM rats liver with a brown-reddish color
(Fig. 1G). As for the histomorphological aspect, the liver of CAF SHAM rats presented
hepatocytes arranged in rows, delimited by connective tissue, containing sinusoids
capillaries. They have a typical morphology, abundant cytoplasm, homogeneous aspect,
nucleus in central position in the cytoplasm and absence of steatosis (Fig. 11). However,
the CAF RYGB rats hepatocytes were distended by a single and large vacuoles, and with
nuclear displacement to the cell periphery (Fig. 1J). As shown in Table 4, the liver of rats
of CAF SHAM group, after pregnancy and lactation did not steatosis, however, the CAF
RYGB animals group presented grade 3 (80%) and grade 2 (20%) macrovesicular steatosis.
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Fig. 1. (A) AST, (B) ALT, (C) liver weight, (D) Total lipids content, (E) TG and (F)
CHOL hepatic content of CAF SHAM (n=13) e CAF RYGB (n=17) rats, after pregnancy
and lactation. Macroscopic aspect and representative photomicrograph of liver sections
stained in H&E on CAF SHAM (G and I) and CAF RYGB (H and J) group. The arrows
indicate macrovesicular liver steatosis after pregnancy and lactation (n=5-7). The results
were expressed as mean + SEM. * P < 0,05; *** P < 0,001 and **** P < (0,0001. Student’s
T test.
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Table 4
Degree of steatosis in the liver of CAF SHAM and CAF RYGB rats one week after

lactation.

Groups Degree 0 Degree 1 Degree 2 Degree 3
CAF SHAM 100% 0% 0% 0%
CAF RYGB 0% 0% 20% 80%

N=5-7.

3.1.3. Expression of genes and enzymes involved in liver lipid metabolism

To investigate possible factors related to hepatic steatosis development in CAF
RYGB rats, we evaluated the gene and protein expression of enzymes involved in DNL, B-
oxidation and VLDLs assembly in liver. The ACC (Fig. 2A, B) and SCD-1 (Fig. 2F, G)
gene and protein expression, both related to the DNL are significantly reduced in CAF
RYGB female rats, when compared to CAF SHAM rats. The same was observed in
relation to the pACC protein expression (Fig. 2C). Also in relation to DNL markers, as can
be observed infigure 2D that FASN gene expression was similar in two groups.
However, the FASN protein expression was lower in CAF RYGB liver rats then CAF
SHAM rats (Fig. 2E). The CPT-1 mRNA amount, an enzyme involved in mitochondrial -
oxidation, was lower in the liver of CAF RYGB animals in relation to CAF SHAM group
(Fig. 2H), however the protein expression content was higher (Fig. 21). In figure 2J it is
observed that MTTP gene expression, related to VLDLs assembly, was similar in the two
groups evaluated, but the protein expression was lower in CAF RYGB rats regarding to
CAF SHAM group (Fig. 2K).
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Fig. 2. (A) ACC gene and (B) protein expression; (C) pACC protein expression; (D) FASN
gene and (E) protein expression; (F) SCD-1 gene and (G) protein expression; (H) CPT-1
gene and (I) protein expression; (J) MTTP gene and (K) protein expression of animals in
CAF SHAM and CAF RYGB groups after pregnancy and one week after lactation (n=5).
The results were expressed as mean + SEM. * P < 0,05; ** P < 0,01; *** P < 0,001 e ****

P <0,0001. Student’s T test.



56

3.2. Offspring results

3.2.1. Bodily and serum parameters

At 120 days of age, body weight, the nasoanal lenght, Lee index, and retroperitoneal
and perigonadal fat pad were lower in the mothers’s offspring who received cafeteria diet
and were submitted to surgical intervention (CAF RYGB-F1) when compared to mothers’s
offspring who only received cafeteria diet (CAF SHAM-F1; tab. 5). The glucose, CHOL,
and HDL serum concentrations were similar in both groups studied. However,
triglyceridemia and TyG index were lower in CAF RYGB-F1 animals then CAF SHAM-
F1 animals (tab. 6).

Table 5
Body parameters in CAF SHAM-F1 and CAF RYGB-FL1 rats of 120 days of age.

CAF SHAM-F1 CAF RYGB-F1

*kkk

Body Weight (g) 384.0 £ 7.50 3185+12.0
Nasoanal lenght (cm) 22.5+0.13 21.5+0.21"
Lee index 323.5+1.60 316.0+1.40"
Retroperitoneal fat pad (g/100 g BW) 3.5+0.24 1.4+0.187
Perigonadal fat pad (g/100 g BW) 3.8+0.3 21020

Data are means £ SEM (n= 14-28 rats). ** P < 0.05; *** P < 0.001 and *** P < 0.0001
(Student’s T Test).

Table 6
Fasting serum parameters in CAF SHAM-F1 and CAF RYGB-F1 rats with 120 days of age.
CAF SHAM-F1 CAF RYGB-F1

Glucose (mg/dL) 98.1+2.00 96.0 £ 2.40
TG (mg/dL) 127.0 + 8.70 81.0+8.40"
CHOL (mg/dL) 93.0 +2.80 89.0 +2.00
HDL (mg/dL) 60.0 + 1.60 63.0 + 1.50
TyG index 3.8+0.04 35+0.06

Data are means + SEM (n= 14-28 rats). ** P < 0.01 (Student’s T Test).
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3.2.2. Liver’s parameters

It can be observed in Figure 3A, B, C and D that AST and ALT serum concentrations,
liver weight and hepatic TG content, respectively, were similar in CAF RYGB-F1 and
CAF SHAM-F1 groups. However, the CHOL liver content was lower in CAF RYGB-F
group in relation to CAF SHAM-F1 group (Fig.3E). The histomorphological liver aspect
the animals CAF RYGB-F1 group (Fig. 3F) was similar to CAF SHAM-F1 group (Fig.
3G).
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Fig. 3. (A) AST, (B) ALT, (C) liver weight, (D) TG and (E) CHOL hepatic content of CAF
SHAM-F1 (n=28) and CAF RYGB-F1 (n=14) with 120 days of age. (F) Macroscopic
aspect and representative photomicrograph of liver sections stained in H&E on CAF
SHAM-F1 (G) and CAF RYGB-F1 group (H) (n=7). The results were expressed as mean +
SEM. * P <0,05. Student’s T test.



58

3.2.3. Expression of genes and enzymes involved in liver lipid metabolism

The ACC (Fig. 4A) and SCD-1 (Fig. 4F) gene expression were lower in livers
of CAF RYGB-F1 animals group, when compared to CAF SHAM-F1 animals group, but
FASN gene expression was not altered (Fig. 4D). The ACC protein expression (Fig. 4B)
was higher, while the FASN (Fig. 4E) and pACC (Fig. 4C) expression was lower in CAF
RYGB-F1 group then CAF SHAM-F1 group, however SCD-1 enzyme expression
(Fig. 4G) was similar between the groups. The CPT-1 gene expression was higher in CAF
RYGB-F1 animals in relation to CAF SHAM-F1 animals (Fig. 4H), however the protein
expression content was similar in both groups (Fig. 4l). In figure 4J it is observed that
MTTP gene expression was similar in two groups evaluated, but protein expression content
was higher in CAF RYGB-F1 animals in relation to CAF SHAM-F1 animals (fig. 4K).
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were expressed as mean = SEM. * P < 0,05; ** P < 0,01 e *** P <0,001. Student’s T test.
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4. Discussion

Obesity in women is associated with an increase in prevalence of many obstetric
risks such as gestational diabetes, hypertension, preeclampsia and neonatal mortality [20,
21], in addition promote changes in descendants growth and metabolism [22, 6]. Bariatric
procedures stand outasthe most effective treatment for morbid obesity, providing
improved and/or resolution of associated comorbidities [23, 24]. However, the influences
of these procedures on offspring metabolism and development of diseases in long term are
little studied and are still controversial [25, 26].

The RYGB promotes body weightand fat pad reduction, both in
humans and experimental models [27]. However, the glycemic homeostasis improvement
may occur before weight loss after RYGB [28-30]. In the present study we observed that
female rats submitted to RYGB presented after pregnancy and lactation, body
weight and fat pad reduction and insulin tolerance improvement, verified by TyG index
(Tab. 2), even with CAF diet continuous offer. Literature data show that RYGB is
associated  with  serum lipid profile improvement in humans [31]and
animals [32]. Corroborating these findings, we observed in this study, serum TG and
CHOL concentrations reduction, without changes in HDL concentration (Tab. 3).
These findings may be related to lipids emulsification and absorption reduction, fostered
by changes in viscosity within the intestine lumen and time in contact with the enterocytes
reduced, caused by proximal intestine deviation [31, 33].

In spite of all beneficial effects reported above, we observed that CAF RYGB rats
showed ALT serum concentrations, liver weight and total hepatic lipids and TG content
increase (Fig. 1B-E). Associated with these results, we also observed 80% occurrence of
macrovesicular degree 3 hepatic steatosis in CAF RYGB rats (Fig. 1J; Tab. 4). This is the
first study to demonstrate that obese female rats undergoing RYGB have liver changes
after pregnancy and lactation, suggesting misfit in hepatic lipid metabolism. In this way,
the gene and protein expression of enzymes related to DNL, B-oxidation and VLDLs
assembly in liver were evaluated. Obese rats submitted to RYGB showed, after pregnancy
and lactation, ACC and SCD-1 gene expression reduction (Fig. 2A, F) as well as ACC,
pACC, FASN and SCD1 protein expression (Fig. 2B, C, E and G), suggesting DNL
reduction. In addition, TG accumulation in hepatocytes may be due to hepatic fatty acids
uptake increase from diet through the chylomicronsand free fatty acid concentration
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increase generated by adipose tissue lipolysis [34]. Studies demonstrate lipolysis peripheral
increased due to weight loss provided by the RYGB in tolerant glucose obese rats [35] and
obese patients [36, 37]. Thus, it is speculated that iatrogenic changes in essential nutrients
absorption and  metabolism, associated  with  physiological changes related
to pregnancy and lactation, induce excessive adipose tissue lipolysis, which lipids to liver
supply increases, reducing the DLN and increasing hepatic TG stocks.

The TG accumulation in the liver may also be a consequence of changes in enzymes
involved with B-oxidation and VLDLs assembly [3]. In this study, it was also observed that
CPT-1 gene expression, a key enzyme in mitochondrial B-oxidation [38], was lower in rats
submitted to RYGB (Fig. 2H), but its protein expression was higher (Fig. 21). There were
not differences in MTTP gene expression among the groups studied (Fig. 2J), however the
protein expression was lower (Fig. 2K) in rats submitted to RYGB. The MTTP
IS the enzyme responsible for transfer of TG to B apolipoprotein (apoB), resulting in
VLDL particles, which hepatic TG exported to adipose tissue [39]. Thus, associated with
DNL reduction, we suggest that the likely amount of excessive lipids caused by peripheral
lipolysis, leads to B-oxidation increase, providing more power to the fetus. In addition, the
decrease in MTTP expression may be related to VLDLs assembly and/or secretion
reduction, causing the containment of TG in hepatocytes. The difference between CPT-1
and MTTP gene and protein expression, suggests a post-transcriptional mechanism of
protein expression control, which can be involved different microRNAs types, as miR-
33a/b, by acting in processing after genes transcripcional involved in lipid metabolism [40].

This study showed that obese rats submitted to RYGB demonstred, after pregnancy
and lactation, improvement in bodily and serum parameters, however severe liver damage
was observed. Thus, considering that maternal metabolic status affects the offspring, the
influence of these maternal effects on offspring males at 120 days of life was investigated.
Adult CAF DGYR-F1 rats presented body parameters reduced (body weight, nasoanal
length, Lee index and retroperitoneal and perigonadal fat pad, Tab. 5) when compared to
the CAF SHAM-F1 group. Similar data were observed in pups of rats submitted to vertical
gastrectomy and ileal interposition [25, 26]. Cummings et al., (2013) reported that these
changes were independent of body weight loss, since meternal ileal interposition did not
alter this parameter [25]. Children born to mothers undergoing biliopancreatic operation
have low birth weight [41, 42]. The reduction of the essential nutrients absorption such as
iron, vitamin B12 and folic acid after the RYGB, can lead to fetal complications such as
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premature birth, low birth weight, neonatal hypocalcemia, rickets and fetal mental
retardation [43]. In addition, it has been demonstrated that NFLD in obese mothers is
associated with their descendants’ body weight reduction [44]. In this way, more studies
are needed to investigate the responsible mechanisms for these offspring changes.

Similar to that observed in female rats, the CAF RYGB-F1 offspring did not showed
normoglycemia and serum TG concentration and IR reduction (Tab. 6). These results may
be due to epigenetic mechanisms acting in pregnancy and lactation period. Still in relation
to repercussions of the maternal RYGB on the offspring, it was observed that despite of the
rats CAF RYGB presenting severe hepatic steatosis after lactation, the liver morphological
aspect in offspring CAF RYGB-F1 showed absence of fat accumulation in the hepatocytes
(Fig. 3G). The AST and ALT serum concentrations (Fig. 3A, B), liver weight (Fig. 3C)
and TG hepatic content (Fig. 3D) were similar between the groups. However, the CHOL
liver content was lower in CAF RYGB-F1 group compared to CAF SHAM-F1 group
(Fig.3E). The amount of ACC and SCD1 mRNA was higher in offspring liver from obese
female rats undergoing RYGB, while the amount of FASN mRNA was similar between the
two groups. However, the ACC protein expression was higher, pACC and FASN reduced
and the SCD1 was not altered in CAF RYGB-F1 group than CAF SHAM-F1 group.
The CPT-1 gene expression was higher in CAF RYGB-F1 group when compared to CAF
SHAM-F1 group, while the CPT-1 protein expression was not altered (Fig. 4H, 1). On the
other hand, the MTTP mRNA was similar between the two groups studied while its protein
expression was higher in CAF RYGB-F1 group compared to CAF SHAM-F1 group
(Fig. 4J, K). Thus, the maternal RYGB did not alter the p-oxidation in the offspring, but
can be promoting VLDLs assembly and secretion increase. These data together show that
offspring from obese rats submitted to RYGB, present post-transcriptional changes in
enzymes involved in liver lipid metabolism, which may have been programed during

pregnancy and lactation period.

5. Conclusions

In summary, it was demonstrated for the first time that obese rats submitted to

RYGB, feature after pregnancy and lactation, normalization of bodily parameters and

serum lipid profile. However, showed severe hepatic damage related to lipid
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metabolism. The male descendants of CAF RYGB rats presented body weight and fat pad
reduction in adulthood, as well as, the serum TG concentration, without developing liver
steatosis. However, enzymes involved in hepatic lipid metabolism pathways, showed post-
transcriptional changes. Thus, these results suggest the need for additional and more
comprehensive studies, including the identification of epigenetic factors and/or other
factors involved in passing the effects of bariatric operation for their offspring.
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ratos obesos submetidos & derivagdo gastrica em Y de Roux", sob vossa
coordenagao, foi avaliado pelo CEUA como APROVADO para execucao.

ATENGAO!

O Certificado Experimental deste Protocolo, somente sera emitido
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do Relatério Final ao CEUA. Este Parecer NAO tem valor como Certificado
Experimental.
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GUIDE FOR AUTHORS

Your Paper Your Way

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

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

INTRODUCTION

Life Sciences is an international journal publishing articles that emphasize the molecular,
cellular, and functional basis of therapy. All articles are rigorously reviewed. The Journal
favors publication of full-length papers where modern scientific technologies are used to
explain molecular, cellular and physiological mechanisms. Articles that merely report
observations are rarely accepted. Articles should be written at a level accessible to readers
who are non-specialists in the topic of the article themselves, but who are interested in the
research. The Journal welcomes reviews on topics of wide interest to investigators in the
life sciences. We particularly encourage submission of focused reviews containing high-
quality artwork and mechanistic diagrams.

IMPORTANT INFORMATION
» Submission of a paper will be held to imply that the manuscript contains original
unpublished work and is not being submitted for publication elsewhere.
* Manuscripts should present novel findings addressing significant biological questions.
Studies that fail to do so may be rejected without review.
* Quantitative conclusions must be based on truly quantitative methods.
« Life Sciences does not publish work on the actions of biological extracts of unknown
chemical composition. Compounds studied must be of known chemical structure and
concentration.
* The study must be reproducible; materials used must be available to other researchers so
they can repeat the experiment.
For more details on how to write a world class paper, please visit our Pharmacology
Author Resources page.
Please include word count and figure/table count on the cover page of your
manuscript. Authors are encouraged to submit video material or animation
sequences to support and enhance your scientific research. For more information please
see the paragraph on video data below.

Types of article
* Original research articles
* Reviews

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more
details.
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Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided

* Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable) Supplemental files (where
applicable).

Further considerations

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

« All references mentioned in the Reference List are cited in the text, and vice versa

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

* Relevant declarations of interest have been made

* Journal policies detailed in this guide have been reviewed

 Referee suggestions and contact details provided, based on journal requirements. For
further information, visit our Support Center.

BEFORE YOU BEGIN
Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

Human and animal rights

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans; Uniform
Requirements for manuscripts submitted to Biomedical journals. Authors should include a
statement in the manuscript that informed consente was obtained for experimentation with
human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried
out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated
guidelines, EU Directive 2010/63/EU for animal experiments, or the National Institutes of
Health guide for the care and use of Laboratory animals (NIH Publications No. 8023,
revised 1978) and the authors should clearly indicate in the manuscript that such guidelines
have been followed.

Conflict of Interest Policy

The Journal requires full disclosure of all potential conflicts of interest. At the end of the
manuscript text, under a subheading "Conflict of Interest statement”, all authors must
disclose any financial and personal relationships with other people or organisations that
could inappropriately influence (bias) their work. If there are no conflicts of interest, the
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authors should state: "The authors declare that there are no conflicts of interest.” See also
http://www.elsevier.com/conflictsofinterest. A signed Conflict of Interests Policy Form is
required upon submission. The corresponding author is responsible for completing the
form, and signing it on behalf of all authors.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as
an electronic preprint, see 'Multiple, redundant or concurrent publication' section of our
ethics policy for more information), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that, if accepted, it will not be
published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify originality,
your article may be checked by the originality detection service CrossCheck.

Authorship

All authors listed on your paper must have made significant contributions to the study. To
ensure clarity, you are required upon submission to enter the specific details of each
author's contribution, which must substantiate the inclusion of each person on the
manuscript. This information is required to be filled in on the Conflict of Interests Policy
and Author Statement Form.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author list and (b) written
confirmation (e-mail, letter) from all authors that they agree with the addition, removal or
rearrangement. In the case of addition or removal of authors, this includes confirmation
from the author being added or removed. Only in exceptional circumstances will the Editor
consider the addition, deletion or rearrangement of authors after the manuscript has been
accepted. While the Editor considers the request, publication of the manuscript will be
suspended. If the manuscript has already been published in an online issue, any requests
approved by the Editor will result in a corrigendum.

Copyright

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

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases.
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For open access articles: Upon acceptance of an article, authors will be asked to complete
na 'Exclusive License Agreement' (more information). Permitted third party reuse of open
access articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work.

Role of the funding source

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

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some funding bodies will reimburse the
author for the Open Access Publication Fee. Details of existing agreements are available
online.

Open access
This journal offers authors a choice in publishing their research:

Open access

* Articles are freely available to both subscribers and the wider public with permitted reuse.
* An open access publication fee is payable by authors or on their behalf, e.g. by their
research funder or institution.

Subscription

* Articles are made available to subscribers as well as developing countries and patient
groups through our universal access programs.

* No open access publication fee payable by authors.

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

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

Creative Commons Attribution (CC BY)

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

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

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

The open access publication fee for this journal is USD 3300, excluding taxes. Learn more
about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.
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Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access
page for further information. Authors can also self-archive their manuscripts immediately
and enable public access from their institution's repository after an embargo period. This is
the version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author
communications. Embargo period: For subscription articles, an appropriate amount of time
is needed for journals to deliver value to subscribing customers before an article becomes
freely available to the public. This is the embargo period and it begins from the date the
article is formally published online in its final and fully citable form. Find out more. This
journal has an embargo period of 12 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform
offering free lectures, interactive training and professional advice to support you in
publishing your research. The College of Skills training offers modules on how to prepare,
write and structure your article and explains how editors will look at your paper when it is
submitted for publication. Use these resources, and more, to ensure that your submission
will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop.

Submission

Submission to this journal proceeds totally online. Use the following guidelines to prepare
your article. Via the homepage of this journal (http://www.elsevier.com/journals) you will
be guided stepwise through the creation and uploading of the various files. The system
automatically converts source files to a single Adobe Acrobat PDF version of the article,
which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF at submission for the review process, these source files are
needed for further processing after acceptance. All correspondence, including notification
of the Editor's decision and requests for revision, takes place by e-mail and via the author’s
page in EES, removing the need for a hard-copy paper trail. Specific queries can be
directed to lifesci@elsevier.com.

Referees

To expedite the review process, authors must submit names of 4 - 6 individuals who are
qualified to review their work. Include the email address of each potential referee, as much
contact information as possible, and why you feel this person is competent to review your
work. You should not have collaborated with the suggested reviewers at any time in the
past five years. In our effort to enhance global perspective and communication of science,
these individuals should be associated with institutions from as many different regions as
possible (Europe, North America, Asia, etc.). Exception:
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Symposium submissions which have been previously reviewed and approved by their
Organizing Committee.

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through
the creation and uploading of your files. The system automatically converts your files to a
single PDF file, which is used in the peer-review process. As part of the Your Paper Your
Way service, you may choose to submit your manuscript as a single file to be used in the
refereeing process. This can be a PDF file or a Word document, in any format or layout
that can be used by referees to evaluate your manuscript. It should contain high enough
quality figures for refereeing. If you prefer to do so, you may still provide all or some of
the source files at the initial submission. Please note that individual figure files larger than
10 MB must be uploaded separately.

References

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

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential
elements needed to convey your manuscript, for example Abstract, Keywords, Introduction,
Materials and Methods, Results, Conclusions, Artwork and Tables with Captions. If your
article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes. Divide the article into clearly defined
sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the
relevant text in the manuscript, rather than at the bottom or the top of the file. The
corresponding caption should be placed directly below the figure or table.

Language

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). For language assistance, please see Language Services, above. Use
decimal points (not decimal commas); use a space for thousands (10 000 and above).

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us
with na editable file of the entire article. Keep the layout of the text as simple as possible.
Most formatting codes will be removed and replaced on processing the article. The
electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier). See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
‘grammar-check’ functions of your word processor.
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Organization of the manuscript

Beginning with the first page, present your manuscript in the order below:

1. Title: First letter capitalized, subsequent letters in lower case. Maximum length 150
characters including spaces. Avoid abbreviations.

2a. Names of all authors.

2b. Affiliations of all authors. If necessary, use superscripted lowercase letters after the
author's name to distinguish affiliations.

3. Author to whom proofs and correspondence should be sent, including name, mailing
address, telephone and fax numbers, and e-mail address.

4. A structured abstract has to be submitted for full length articles (not for reviews) of no
more than 250 words. The following headings must be used:

Aims:

Main methods:

Key findings:

Significance:

5. Three or more key words for indexing purposes. In addition to key words from the title,
please suggest other terms that help define the study. We encourage authors to test the
relevance of their key words by using them for a database search and comparing the results
with the topic of their own paper.

Word limits: In full papers, individual sections should be no longer than Abstract 250
words, Introduction 500 words, Discussion 1500 words, Conclusion 150 words. Materials
and Methods and

Results sections should be concise but there is no formal word limit.

Headings: Papers must include the major headings Abstract, Introduction, Materials and
Methods, Results, Discussion, Conclusion, Acknowledgments, and References. Include
subheadings as appropriate. Review articles must contain Abstract and Introduction, with
subsequent headings and subheadings as appropriate.

Introduction

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

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.
Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. Avoid
extensive citations and discussion of published literature.

Conclusions

Present the conclusions of the study in a short Conclusions section. The Graphical Abstract
is optional for research articles, but mandatory for reviews. GAs should summarize the
contents of the article in a concise, pictorial form designed to capture the attention of a
wide readership online. Graphical abstracts should be submitted as a separate file in the
online submission system. Refer to the following website for more information
http://www.elsevier.com/graphicalabstracts.

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the
article. The list of compounds will be used to extract relevant information from the NCBI
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PubChem Compound database and display it next to the online version of the article on
ScienceDirect. You can include up to 10 names of chemical compounds in the article. For
each compound, please provide the PubChem CID of the most relevant record as in the
following example: Glutamic acid (PubChem CID:611). Please position the list of
compounds immediately below the 'Keywords' section. It is strongly recommended to
follow the exact text formatting as in the example below: Chemical compounds studied in
this article Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164);
Benzalkonium chloride (PubChem CID: 15865) More information.

Abbreviations

Abbreviations must be explained the first time they are used, both in the Abstract and again
in the main text. Abbreviations used as names of cell lines do not need to be explained, but
the species and tissue of origin should be made clear in text the first time the cell line is
mentioned. Examples: "the human colonic adenocarcinoma cell line Caco-2" or "the
porcine renal endothelial cell line LLC-PK1".

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.).

Please note that funding information must appear under the Acknowledgments heading.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers
XxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and
the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that
provided the funding. If no funding has been provided for the research, please include the
following sentence: This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors build footnotes into the text, and this feature may be used. Should
this not be the case, indicate the position of footnotes in the text and present the footnotes
themselves separately at the end of the article.

Artwork

Electronic artwork

General points

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

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.
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* For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate
source files. A detailed guide on electronic artwork is available.

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

Formats

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

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

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

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

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

Please do not:

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

* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

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

Figure captions

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

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results
and personal communications are not recommended in the reference list, but may be
mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or ‘'Personal communication'. Citation of
a reference as 'in press' implies that the item has been accepted for publication.

Reference links
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Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles, publication
year and pagination may prevent link creation. When copying references, please be careful
as they may already contain errors. Use of the DOI is encouraged. A DOI can be used to
cite and link to electronic articles where an article is in-press and full citation details are
not yet known, but the article is available online. A DOI is guaranteed never to change, so
you can use it as a permanent link to any electronic article. An example of a citation using
DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh
W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be
in the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word
processor plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide.
Users of Mendeley Desktop can easily install the reference style for this journal by clicking
the following link: http://open.mendeley.com/use-citation-style/life-sciences

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug-ins for Microsoft Word or LibreOffice.

Reference formatting

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

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given.
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Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."
List: Number the references (numbers in square brackets) in the list in the order in which
they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.AJ. Hanraads, R.A. Lupton, The art of writing a scientific article, J.
Sci. Commun. 163 (2010) 51-59.

Reference to a book:

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

Reference to a chapter in an edited book:

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

Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/, 2003 (accessed
13.03.03).

Reference to a dataset:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese
oak wilt disease and surrounding forest compositions, Mendeley Data, v1, 2015.
https://doi.org/10.17632/ xwj98nb39r.1.

Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted files
should be properly labeled so that they directly relate to the video file's content. In order to
ensure that your video or animation material is directly usable, please provide the files in
one of our recommended file formats with a preferred maximum size of 150 MB. Video
and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your
files: you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video
data. For more detailed instructions please visit our video instruction pages. Note: since
video and animation cannot be embedded in the print version of the journal, please provide
text for both the electronic and the print version for the portions of the article that refer to
this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit
your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any



82

corrections on a previous version. Please switch off the Track Changes' option in
Microsoft Office files as these will appear in the published version.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles
on ScienceDirect with relevant repositories, giving readers access to underlying data that
give them a better understanding of the research described. There are different ways to link
your datasets to your article. When available, you can directly link your dataset to your
article by providing the relevant information in the submission system. For more
information, visit the database linking page. For supported data repositories a repository
banner will automatically appear next to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw
data into one or multiple data articles, a new kind of article that houses and describes your
data. Data articles ensure that your data is actively reviewed, curated, formatted, indexed,
given a DOI and publicly available to all upon publication. You are encouraged to submit
your article for Data in Brief as na additional item directly alongside the revised version of
your manuscript. If your research article is accepted, your data article will automatically be
transferred over to Data in Brief where it will be editorially reviewed and published in the
open access data journal, Data in Brief. Please note an open access fee is payable for
publication in Data in Brief. Full details can be found on the Data in Brief website. Please
use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple
MethodsX articles, a new kind of article that describes the details of customized research
methods. Many researchers spend a significant amount of time on developing methods to
fit their specific needs or setting, but often without getting credit for this part of their work.
MethodsX, an open access journal, now publishes this information in order to make it
searchable, peer reviewed, citable and reproducible. Authors are encouraged to submit
their MethodsX article as an additional item directly alongside the revised version of their
manuscript. If your research article is accepted, your methods article will automatically be
transferred over to MethodsX where it will be editorially reviewed. Please note na open
access fee is payable for publication in MethodsX. Full details can be found on the
MethodsX website. Please use this template to prepare your MethodsX article.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.
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Interactive plots
This journal enables you to show an Interactive Plot with your article by simply submitting
a data file. Full instructions.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-prone
process by allowing you to directly type your corrections, eliminating the potential
introduction of errors. If preferred, you can still choose to annotate and upload your edits
on the PDF version. All instructions for proofing will be given in the e-mail we send to
authors, including alternative methods to the online version and PDF. We will do
everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text,
tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. It is important to ensure that
all corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequente corrections cannot be guaranteed. Proofreading is
solely your responsibility.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail. The PDF file is a watermarked version of the published article and includes a cover
sheet with the jornal cover image and a disclaimer outlining the terms and conditions of
use.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch. You can also check
the status of your submitted article or find out when your accepted article will be published.
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