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RESUMO GERAL

Objetivo: Avaliar a expressdo de genes e proteinas envolvidos com a via lipidica
hepética e investigar se a melhoria na homeostase glicémica estd associada a
alteracdes na morfologia das ilhotas em ratos MSG submetidos a derivacéo
duodeno-jejunal (DDJ). Métodos: Durante os primeiros 5 dias de vida, ratos Wistar
recém-nascidos receberam inje¢des subcutaneas de glutamato monossédico [4 g /
kg de peso corporal (BW), grupo MSG], ou solucéo salina (grupo CTL). Aos 90 dias
de idade, os animais MSG foram submetidos a DDJ ou a falsa operacéo, formando
0s grupos MSG-DDJ e MSG-FO, respectivamente. Dois apds a cirurgia, foram
avaliados os parametros séricos, a expressao de genes e proteinas do figado e
morfologia das ilhotas pancreéticas. Resultados: A cirurgia de DDJ normalizou as
concentracdes de triglicerideos séricos (TG) e dos acidos graxos nao-esterificados
em comparagdo aos animais MSG-FO, porém ndo alterou o contetdo de TG no
figado, bem como, a expressdo de genes e proteinas hepaticas envolvidas com o
metabolismo lipidico. Além disso, a DDJ normalizou a insulinemia e a resisténcia a
insulina, e restaurou a secrecao de insulina pelas células-f na presenca de 8,3 mM
de glicose, independentemente da perda de peso. Ainda, ratos MSG-DDJ
apresentaram reducdo nas areas totais da ilhota e de células B (% area pancreas) e
na proliferacdo de células da ilhota (verificado pelo nimero de ndcleos corados por
Ki67). Conclusfes: A cirurgia de DDJ nao alterou o metabolismo lipidico no figado,
dois meses apds a realizacdo da cirurgia, sendo assim, a melhora na homeostase
glicémica nos animais pode estar associada a alteracbes na morfologia e

proliferacdo das ilhotas pancreaticas.

Palavras-chave: derivacdo duodeno-jejunal; obesidade hipotalamica; morfologia de

células- B; lipidios.



GENERAL ABSTRACT

Purpose: Herein we evaluated the expression of genes and protein involved with
hepatic lipids pathway and investigate whether the improvement on glucose
homeostasis is associated with modifications in the islets morphology in HyO rats
submitted to duodenal-jejunal bypass (DJB). Methods: During the first 5 days of life,
male newborn Wistar rats received a subcutaneous injection of monosodium
glutamate [4 g/kg body weight (BW), hypothalamic obesity (HyO) group], or saline
(CTL group). At 90 days of age, HyO rats were submitted to DJB or sham operations
forming HyO DJB and HyO Sham group, respectively. Two months after DJB, serum
parameters, expression of genes and protein in the liver and islets morphology were
verified. Results: Although DJB operation normalized serum triglycerides (TG) and
non-esterified fatty acids (NEFA) concentration compared to HyO Sham rats, HyO
DJB rats did not alter TG liver content as well as, the expression of hepatic genes
and protein involved with lipids metabolism. DJB operation normalized insulinemia
and insulin resistance and restored B-cell secretion in the presence of 8.3 mM
glucose independently of weight loss. In addition, HyO DJB rats presented a
reduction in total islets and B-cell area (pancreas area percentage) and in islets cells
proliferation (verified by the number of nucleus stained by Ki67 protein - a cellular
marker for proliferation). Conclusions: Although DJB not affect liver lipids metabolism
in HyO rats two months after surgery, the improvement on glucose homeostasis

could be associated with modifications in islets morphology and proliferation.

Keywords: Duodenal-jejunal bypass; Hypothalamic obesity; B-cell morphology;
Lipids.
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INTRODUCAO GERAL

No cenario mundial, o sobrepeso e a obesidade surgiram como consequéncia
das modificacdes socioculturais e econémicas, ocorridas a partir do fim da Segunda
Guerra Mundial. Observaram-se mudancas no consumo alimentar com aumento de
calorias ingeridas assim como, reducdo na pratica de atividades fisicas
(MENDONCGCA; ANJOS, 2004). A diminuicdo da necessidade do esforco fisico no
trabalho, alteracbes nas opcdes de atividades de lazer, uso crescente de
equipamentos eletrénicos, dentre outros aspectos, contribuiram para a reducéo da
frequéncia e da intensidade de atividades fisicas no dia-a-dia, com a adocdo de
estilos de vida sedentarios (ABREU; CARDOSO, 2008). Por outro lado, o
crescimento e a expanséo do capitalismo trouxeram a criagdo de novos mercados,
bem como o aumento na produtividade industrial (MENDONCA; ANJOS, 2004).
Além disso, a partir da década de 1980, o incremento da producdo industrial e a
diversificagcdo da produgéo e do consumo levaram ao surgimento de alimentos mais
especializados e destinados a segmentos especificos da populagdo. Assim, o
aumento da prevaléncia de sobrepeso e obesidade no Brasil se deve a diferentes
fatores socioculturais que alteraram o padrao alimentar, tais como: migracao interna,
alimentacdo fora de casa, aumento da oferta de refeicdes rapidas e aumento da
utilizag&o de alimentos industrializados (SANTOS; ENUMO, 2010).

A obesidade pode ser caracterizada como acumulo de gordura corporal,
generalizada ou localizada, que acarreta prejuizos a saude de um individuo (LUZ;
ENCARNACAO, 2008). Algumas desordens metabdlicas que incluem intolerancia a
glicose (Gli), resisténcia a insulina (RI), hipertensdo arterial, dislipidemia, doenca
hepatica gordurosa nédo-alcéolica (DHGNA) e diabetes Mellitus tipo 2 (DM2) estédo
associadas a obesidade (SOWERS, 1998).

Fatores genéticos, metabdlicos, enddcrinos, ambientais, neurais entre outros,
estao relacionados com a génese da obesidade (MOLINATTI; LIMONE, 1992). Com
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relacdo aos fatores neurais sabe-se que, alteracbes no hipotalamo, regido do
sistema nervoso central (SNC), que exerce um papel chave na homeostase
energética e no controle do peso corporal (MULLER et al., 2001), podem levar a um
tipo mais raro desta doenga, conhecido como obesidade hipotalamica (OH).
Pacientes com OH apresentam deficiéncia na secre¢édo de um ou mais hormonios
hipofisarios (KARAVITAKI et al., 2006; MULLER, 2008), desequilibrio nos
neurotransmissores orexigenos e anorexigenos hipotalamicos (LEE; KORNER,
2009), acumulo excessivo de gordura, hiperfagia, hiperleptinemia, reducao do ténus
simpatico e aumento do parassimpatico (HOCHBERG; HOCHBERG, 2010). A
atividade desregulada do sistema nervoso parassimpatico (SNP), na OH, envolve
um aumento na estimulacdo vagal das células-B, levando a hipersecrecdo de
insulina (LUSTIG, 2008; LUSTIG, 2011).

Farmacoterapias tradicionais e alteracdes no estilo de vida, como dietas e
aumento da atividade fisica, ndo séo efetivas para o tratamento da OH
(HOCHBERG; HOCHBERG, 2010; LEE; KORNER, 2009). A cirurgia bariatrica &
frequentemente utilizada para tratar pacientes com obesidade exdgena severa ou
obesidade moérbida (HOCHBERG; HOCHBERG, 2010) e pode ser uma alternativa
para pacientes com OH (BINGHAM et al., 2012; MULLER et al., 2007; INGE et al.,
2007; SCHULTES et al., 2009). Porém, existem poucos estudos na literatura
demonstrando o efeito das cirurgias bariatricas neste tipo de obesidade, e ha uma
discussdo acerca da efichcia das mesmas na OH (MULLER et al, 2007,
WEISMANN et al., 2013; BRETAULT et al. 2013).

Com base no tipo de procedimento cirdrgico, as cirurgias bariatricas podem
ser dividida em trés categorias: restritivas, disabsortivas ou mistas. A derivacéo
duodeno-jejunal (DDJ) é um tipo de procedimento bariatrico disabsortivo, que tem
por objetivo desviar parte do intestino proximal a fim de diminuir a absorgcédo dos
alimentos (RUNKEL et al., 2011). Estudos demonstram que a DDJ realizada em
ratos diabéticos ndo-obesos e obesos pré-diabéticos, melhora a homeostase
glicémica e alguns aspectos da homeostase lipidica (RUBINO et al., 2004; RUBINO
et al. 2006; ARAUJO et al., 2012; EBERTZ et al., 2014, KASHIKARA et al., 2014;
HAN, et al., 2014), porém 0s mecanismos ainda nao foram elucidados.

Nosso grupo de pesquisa vem realizando estudos com o objetivo de elucidar
os efeitos da DDJ sobre o metabolismo lipidico e glicémico na OH. Para mimetizar a

OH em humanos, utilizamos o modelo de obesidade animal induzido por glutamato
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monossédico (MSG). Para isso, 0 MSG é administrado aos roedores no periodo
neonatal, através de injecbes subcutdneas, o que provoca lesdes quimicas
principalmente no ndcleo arqueado (ARC) e na eminéncia mediana (EM) do
hipotdlamo, levando a obesidade, na vida adulta (OLNEY; SHARPE, 1969). Esses
roedores sdo caracterizados por apresentarem excessivo aclUmulo de gordura
(SOUZA et al., 2001), reducdo na concentracdo do horménio do crescimento (GH),
normofagia (MAITER et al., 1991), normoglicemia, intolerancia a Gli, hiperinsulinemia
(LUCINEI BALBO et al., 2000; BALBO et al.,, 2007), Rl (BALBO et al.,, 2007),
hiperleptinemia (DAWSON et al., 1997), dislipidemia (NARDELLI et al.,, 2010) e
alteracbes no sistema nervoso autondmico (SNA) (NEMEROFF et al.,, 1978;
TAKASAKI, 1978; OLNEY, 1969; OLNEY; SHARPE, 1969).

Recentemente, nosso grupo de pesquisa demonstrou que ratos com OH
induzido pelo MSG e submetidos ao procedimento cirirgico de DDJ, apresentaram
melhora na insulinemia, secrecdo de insulina estimulada pela Gli e na resisténcia
periférica a insulina no figado. Com relacdo ao metabolismo lipidico foi observado
gue a cirurgia melhorou a concentracdo de triglicerideos (TG) plasmaticos sem
alteracao no conteudo hepético deste lipidio (BONFLEUR et al. 2014). Desta forma,
propomos 0 presente trabalho para responder os seguintes questionamentos: a
melhora na RI, observada dois meses apés realizacdo da DDJ, pode estar
influenciando a expressdo génica e proteica de enzimas envolvidas com a
homeostase lipidica no figado? Ser4 que a melhora na homeostase glicémica,
observada dois meses apos o procedimento cirdrgico de DDJ em ratos com OH,
pode ser decorrente de alteracdes na morfologia das ilhotas pancreaticas (hipertrofia

el/ou hiperplasia)?
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REVISAO GERAL DE LITERATURA

Obesidade e doencas associadas

Na pré-historia a luta ardua para conseguir alimentos, a maior exposi¢cao ao
frio e a necessidade de movimentacdo constante para encontrar condigdes
ambientais que permitissem a sobrevivéncia em situagfes infinitamente menos
confortaveis que as atuais, exigiam de nossos antepassados uma grande
capacidade de estocar energia e de obter protecdo térmica. E natural que houvesse
em seu organismo mecanismos (genes para promover adipogénese, processos
enzimaticos, etc.) que facilitassem a obtencdo desta reserva e desta protecdo
térmica - e o resultado final era a producdo constante de gordura, que também era
rapidamente metabolizada para prover as grandes queimas caldricas diarias. Esta
capacidade de armazenar gordura, essencial para nossos antepassados, tornou-se
prejudicial com os padrbes de vida atuais, podendo-se afirmar que obesidade é uma
doenca resultante do conflito entre genes antigos e vida moderna (HALPERN, 1999).

Atualmente a obesidade vem alcancando proporcdes alarmantes, atingindo
individuos de todas as idades tanto em paises desenvolvidos quanto em
desenvolvimento (BRASIL, 2011). De acordo com a World Health Organization
(WHO), em 2008, 35% dos adultos com 20 anos ou mais apresentavam sobrepeso e
11% estavam obesos em todo o mundo. J& no Brasil, nesse mesmo periodo, a
porcentagem de pessoas que eram alvo do sobrepeso e obesidade girava em torno
de 39% (TARASTCHUK et al., 2008). Ja em 2013, 17,5% da populacao brasileira
apresentavam obesidade e 50,8% estavam acima do peso (BRASIL, 2013). Dos
individuos obesos mais de 200 milhdes sdao homens e quase 300 milhdes sao
mulheres (WHO, 2013). Além disso, cerca de 2,8 milhdes de pessoas morrem a
cada ano como resultado das comorbidades relacionadas a condicdo obesa ou
excesso de peso (WHO, 2013). Dentre as doencas associadas a obesidade
destacam-se: asma, problemas com sono (GUH et al., 2009); hipertensao arterial,
dislipidemia; acidentes vasculares cerebrais (HALPERN, 1999); diversos tipos de
cancer (BERGSTROM et al., 2001); esteatose hepatica (STEMMER et al., 2012);
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doencas vasculares (MONTEIRO; ANGELIS, 2007) e DM2 (HOSSAIN; KAWAR; EL
NAHAS, 2007).

O aumento exacerbado na incidéncia do sobrepeso e da obesidade tem
causado grandes preocupagOes as entidades governamentais devido ao elevado
custo que esta doenca e suas comorbidades geram aos cofres publicos (HALPERN,
1999). Desta forma, compreendendo-se que a obesidade € um problema de saude
publica e por isso requer politicas publicas voltadas a esta demanda, “A Estratégia
Global em Alimentacdo, Atividade Fisica e Saude”, aprovada em 2004 pela
Assembleia Mundial da Saude, com o firme apoio do governo brasileiro, chama
atencdo para a relacdo da obesidade com a incidéncia de varias doencas crénicas,
com a expectativa de vida da populacédo e com os custos dos servicos de saude. O
enfrentamento do problema pelo governo nacional requer politicas publicas e acdes
intersetoriais, que vao além de informar e educar os individuos. Tais politicas devem,
essencialmente, propiciar um ambiente que estimule, apoie e proteja padroes
saudaveis de alimentacdo e atividade fisica. Desta forma, a Politica Nacional de
Alimentacdo e Nutricdo (PNAN, portaria n.° 710/1999), surgiu para formular os
requisitos basicos para a promoc¢ao e a protecdo a saude, atestando 0 compromisso
do Ministério da Saude em controlar os males relacionados a alimentagéo e nutricdo
ja configurados no Brasil (BRASIL, 1999 Apud REIS; VASCONCELOS; BARROS,
2011). No ambito intersetorial, destaca-se a adocdo de politicas de seguranca
alimentar e nutricional, bem como a integracdo do Programa Nacional de
Alimentacdo Escolar (PNAE) com a producado local de alimentos e a agricultura
familiar, favorecendo a oferta de frutas e hortalicas nas escolas e comunidades
(VIANA; FAUSTO; LIMA, 2003).

A causa fundamental da obesidade e do excesso de peso é um desequilibrio
energético entre as calorias consumidas e as calorias gastas (WHO, 2013). Esse
desequilibrio resulta de uma combinacdo de fatores que podem ser genéticos,
endocrinos, metabdlicos, ambientais, neurais, entre outros (HETHERINGTON;
RANSON, 1940). O SNC, através do hipotalamo, desempenha um papel de extrema
importancia nos mecanismos que controlam o apetite e 0 peso corporal
(HETHERINGTON; RANSON, 1940). Vérias areas hipotalamicas, tais como o
hipotalamo ventro medial (VMH), hipotdlamo lateral (LH), ARC, ndcleo
paraventricular (PVN) e nucleo dorsomedial (DMN) participam desta regulacéo

(DOLNIKOFF et al.,, 1988). Moléculas sinalizadoras localizadas em neurdnios
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hipotalamicos bem como, provenientes da periferia, também participam do balanco
energético. Dentre estas moléculas encontramos o neuropeptidio Y (NPY), o
hormoénio estimulador dos melandécitos (a-MSH), proteinas relacionadas ao Agouti
(AGRP), galanina, insulina, leptina, grelina etc (KORNER, 2003). Desta forma,
lesGes nestas areas hipotalamicas podem provocar alteragdes no controle do peso
corporal, levando a obesidade.

Tumores na regidao do hipotalamo (craniofaringioma), doencas inflamatérias,
ferimentos na cabeca, radioterapia cranial, aneurisma e sindromes genéticas
(Prader-Willi e Bardet-Bield) podem levar a um tipo de obesidade denominada de
OH (HOCHBERG; HOCHBERG, 2010). O conceito de OH surgiu a partir da virada
do século 20, onde dois casos de OH foram reportados, um deles por Babinski e
outro por Frohlich (HOCHBERG; HOCHBERG, 2010). Isto levou a meio século de
trabalho de identificagdo bésica e clinica identificando o VMH como sendo uma
regido critica, e formulando-se a hipétese que a hiperfagia resultante de problemas
hipotalamicos pode levar a obesidade (SMITH, 1927; HETHERINGTON; RANSON,
1940). Imediatamente ap0Os lesdo hipotalamica, pacientes podem desenvolver
hiperfagia voraz dificil de ser controlada. Eles consomem alimentos em quantidades
acima de suas necessidades caldricas e exibem comportamentos de busca de
alimentos incomuns, incluindo forrageamento de comida, roubo de comida, e até
mesmo roubo de dinheiro para comprar comida (BRAY; GALLAGHER, 1975;
SKORZEWSKA, et al., 1989). Pacientes podem ser considerados portadores desse
tipo de obesidade se os seguintes critérios forem satisfeitos: evidéncia de um
processo patolégico de lesdo do hipotdlamo com obesidade que se desenvolve
subsequentemente ou em associacao a referida lesdo (BRAY; GALLAGHER, 1975).

A OH tem efeitos adversos significativos sobre a morbidade e mortalidade
(LEE; KORNER, 2009). Pacientes com OH apresentam deficiéncia na secrecao de
um ou mais horménios hipofisarios, incluindo reducdo do GH, gonadotrofinas,
horménio adrenocorticotréfico (ACTH), hormbnio estimulante da tireoide (TSH) e
horménio antidiurético (ADH) (MULLER, 2008; KARAVITAKI et al.,, 2006). Estes
individuos apresentam hiperfagia (LEE; KORNER, 2009) seguida de acumulo
excessivo de gordura, além de reducdo do tbnus simpatico e aumento do
parassimpatico (HOCHBERG; HOCHBERG, 2010). A atividade desregulada do SNP
na OH envolve aumento na estimulagdo vagal das células-B, levando a
hipersecrecdo de insulina (BRAY; INOUE; NISHIZAWA, 1981; LUSTIG, 2001). A
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hiperinsulinemia tem sido aceita como um dos principais fatores relacionados a OH,
pois aumenta a lipogénese no figado e no tecido adiposo e reduz a lipdlise, além de
aumentar a atividade da lipase lipoproteica, acelerando a deposicédo, enddégena e
exogena, de lipidios no tecido adiposo (BRAY; INOUE; NISHIZAWA, 1981).
Hiperleptinemia, baixas concentragdes de grelina e Rl podem ser ainda observados
em pacientes com OH (INGE et al., 2007).

A RI, é caracterizada por uma resposta anormal dos tecidos periféricos a acao
deste hormonio circulante (VASQUES et al., 2009). Pode ser estabelecida no estado
obeso devido a fatores que sao liberados pelo tecido adiposo (acidos graxos livres-
AGL, fator de necrose tumoral-a, resistina entre outros) e que podem inibir a
sinalizacdo normal da insulina (WHITE, 2003), levando a um estado patoldgico que
estad associado a desordens do metabolismo glicémico e lipidico (STUMVOLL;
GOLDSTEIN; VAN HAEFTEN, 2005). Em relacdo ao metabolismo lipidico, de forma
direta ou indireta, a RI contribui para o aparecimento de trés principais
anormalidades: hipertrigliceridemia, altas concentracdes de lipoproteinas de baixa
densidade (LDL) e baixas concentracdes de lipoproteinas de alta densidade (HDL)
(Sociedade Brasileira de Cardiologia - SBC, 2007). Além disso, na Rl associada a
obesidade, além dos TG serem armazenados no tecido adiposo, ele pode ser
depositado em outros 6rgdos, como por exemplo, o figado (GUILHERME et al.,
2008). Quando isso acontece leva ao desenvolvimento da DHGNA (ANGULO,
2002).

Metabolismo lipidico hepatico e DHGNA

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

Apoés a digestao dos alimentos, os metabdlitos chegam até o figado através

do sistema porta-hepatico. A Gli é captada pelos hepatécitos através dos
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transportadores de Gli tipo 2 (GLUT?2), e fosforilada pela enzima glicoquinase (GCK)
gerando Gli-6-fosfato (G6P). A G6P pode ser convertida em Gli-1-fosfato (G1P) que
é adicionada as cadeias de glicogénio através da enzima glicogénio sintase (RUI,
2014). Uma vez que a quantidade de armazenamento de glicogénio € alcancada, o
excesso de Gli é redirecionado para sintese de acidos graxos (AG), em um processo
denominado de lipogénese de novo hepatica.

Na lipogénese de novo, a Gli entra no fluxo glicolitico gerando gliceraldeido-3-
fosfato (G3P), fosfoenolpiruvato e piruvato. A piruvato quinase hepética (LPK) é
considerada uma enzima glicolitica chave nesse processo (YAMASHITA et al.,
2001). O piruvato é oxidado e gera acetil-CoA o qual entra no ciclo do acido
tricarboxilico (TCA) na mitocéndria gerando citrato. A alta concentracdo de ATP e
fosfato de dinucleotideo de nicotinamida e adenina (NADPH) no estado alimentado
inibe a progressao do citrato no TCA, promovendo acumulo intramitocondrial desse
metabdlito. O citrato é entdo transportado para o citoplasma onde € convertido a
Acetil-CoA. A enzima acetil-CoA carboxilase (ACC) transforma acetil-CoA em
malonil-CoA, que por sua vez é transformado em acido palmitico, através da enzima
acido graxo sintetase (FASN). O &cido palmitico pode ser desaturado pela enzima
estearoil-CoA desaturase-1 (SCD-1), formando AG insaturados (FABBRINI,
SULLIVAN; KLEIN, 2010; BECHMANN et al., 2012; KAWANO; COHEN, 2013). O
acido palmitico e os AG insaturados sdo esterificados com o G3P para formacéo de
TG. Em condicdes fisiologicas normais os TG ndo sdo armazenados no figado em
grandes quantidades, séo transportados para o tecido adiposo.

Os TG hepéticos provenientes da sintese de novo ou da dieta, sao
transportados ao tecido adiposo pelas VLDL. Essas particulas sdo ricas em uma
apoproteina denominada de apolipoproteina B (apoB) (HUSSAIN; NIJSTAD;
FRANCESCHINI, 2011). No reticulo endoplasmético a proteina de transferéncia de
TG microssomal (MTTP) realiza a transferéncia de fosfolipidios, TG, colesterol (COL)
livre e ésteres de COL para a apo B dando origem a particula de VLDL (SPARKS;
SPARKS, 2008). A MTTP pode ser regulada por hormbnios e macronutrientes,
ocorrendo em niveis transcricionais, pOs-transcricionais e pos-translacionais
(HUSSAIN; NIJSTAD; FRANCESCHINI, 2011).

O figado utiliza acidos graxos de cadeia longa (AGCL) para manutencdo das
guantidades de ATP necessarias (MURTHY; PANDE, 1994). A beta-oxidacao € a via
de oxidacdo de AGCL mais importante no figado, podendo ocorrer via mitocondrial
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ou peroxissomal (LIMA et al., 2005). Os mecanismos de oxidacdo em ambas as
estruturas sdo semelhantes, diferindo apenas no tipo de AG que sera oxidado pela
mitocondria (AG derivados dieta) ou pelo peroxissomo (conjunto diferente de AG e
seus derivados). Na beta-oxidacdo peroxissomica a enzima acil-CoA oxidase (ACO)
catalisa os primeiros e determinantes passos desse processo (WANDERS, 2004). Ja
na oxidacdo mitocondrial, para que os AG permeiem a membrana da mitocéndria se
faz necessario a ativacdo de um complexo enzimatico denominado de carnitina
palmitoil-transferase (CPT). O complexo CPT é formado por duas proteinas (CPT-1a
e CPT-2) e de maneira geral conduz os AGCL pelas membranas da mitocéndria a
fim de serem encaminhados a beta-oxidacdo (LIRA et al., 2010). A proteina CPT-1a
se localiza na membrana externa da mitocéndria e € uma proteina integral de
membrana responsavel pela conversdo de acil-CoA em acil-carnitina. J4 a CPT-2 é
uma proteina periférica presente no lado interno da mitocéndria e realiza o processo
inverso ao da CPT-la (KERNER; HOPPEL, 2000). Dessa forma, os AGCL
conseguem ser transferidos de forma efetiva para a matriz mitocondrial para
sofrerem o processo de beta-oxidacdo. Durante a formacédo de AG através da acao
da ACC ocorre a geracao de um produto denominado de malonil-CoA que pode
inibir o sitio de ligacdo da CPT-la impedindo a beta-oxidagdo (WITTERS et
al.,1988).

No estado de RI podem ocorrer alteracbes nos processos descritos acima,
levando ao acumulo de TG no citoplasma dos hepatécitos. De forma geral, a
deposicao de TG no figado pode ocorrer devido as seguintes situagdes: 1) aumento
da absorcado de AG da circulacdo, que sao provenientes de uma dieta altamente
calorica ou da lipdlise do tecido adiposo; 2) sintese de novo de AG pela ativacdo da
via lipogénica; 3) diminuicdo da beta-oxidacdo de AG e 4) diminuigdo da secrecdo
hepatica de VLDL (BERLANGA et al., 2014).

Esse excesso de gordura hepatica em individuos que ndo apresentam
histérico de consumo abusivo de alcool caracteriza a DHGNA (ANGULO, 2002). A
DHGNA inclui desde uma simples esteatose hepatica, onde o individuo apresenta
acumulo de gordura, até uma esteato-hepatite ndo alcodlica (EHNA), onde além do
acumulo citado anteriormente ha a presenca de inflamacdo e degeneragéo
hepatocelular, muitas vezes podendo ser acompanhada do aparecimento de fibrose,
podendo evoluir para a cirrose hepatica e carcinoma hepatocelular (COHEN;
HORTON; HOBBS, 2011). A patogénese da DHGNA/EHNA é explicada pela
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hip6tese de two-hit onde em um primeiro momento (primeiro hit) ha o acimulo de
gordura nos hepatdcitos devido a alguns mecanismos que levam a maior importacéo
ou sintese de AG quando comparado com a exportacdo ou degradacdo dos mesmos
(ANSTEE; GOLDIN, 2006). O segundo hit é caracterizado pela presenca de
inflamacéo e fibrose que pode ocorrer no figado sensibilizado pela esteatose por
diversos estimulos que envolvem a acdo de citocinas pro-inflamatorias, estresse
oxidativo, e outros mecanismos relacionados com o excesso de lipidios nesse 6rgao
(DAY; JAMES, 2008).

Homeostase glicémica e diabetes

A Gli é um substrato metabdlico essencial de todas as células de mamiferos,
€ transportada através da parede intestinal para a veia porta hepatica e, em seguida,
para as células do figado e de outros tecidos. Ja nos tecidos, a Gli é convertida a
AG, aminoacidos, e glicogénio, ou é oxidada através de vias catabodlicas dentro das
células. A maior parte dos tecidos e 6rgédos, tais como o cérebro, necessita de Gli
constantemente como fonte de energia. Em concentracfes sanguineas baixas de
Gli, podem ocorrer convulsdes, perda de consciéncia e morte. Por outro lado,
elevagbes duradouras nessas concentracbes podem resultar em cegueira,
insuficiéncia renal, doenca vascular, e neuropatia. As concentracées de Gli no
sangue devem ser mantidas dentro de limites estreitos. A homeostase glicémica
ocorre através de uma fina regulacdo hormonal que promove a captacdo de Gli
periférica, producdo hepatica de Gli e captacdo de Gli durante a ingestdo de
carboidratos (SZABLEWSKI, 2011). Os fatores mais importantes que influenciam o
fluxo imediato de Gli sdo os hormdnios insulina e glucagon, as catecolaminas, a
atividade do sistema nervoso simpatico (SNS), bem como a concentracdo de AGL.
Em um periodo mais prolongado (horas/dias), outros hormonios (cortisol e GH),
fatores nutricionais (composicao da dieta), exercicio e aptidao fisica, juntamente com
mudancas na sensibilidade a horménios, também tornam-se fatores importantes. O
cortisol, o GH e as catecolaminas afetam a homeostase glicémica pois alteram a
sensibilidade a insulina, e a disponibilidade por substratos alternativos de Gli
(SHRAYYEF; GERICH, 2010).

O horménio insulina secretado pelas células-B do pancreas, facilita a
absorcdo da Gli principalmente no musculo e tecido adiposo (CERF, 2013), nos

estados pos-prandiais. As células-B pancreaticas formam a parte enddcrina do
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pancreas, juntamente com as células alfa (a), responsaveis pela secrecdo de
glucagon, e as células delta (d), secretoras de somatostatina. Todas as células
pancreaticas enddcrinas juntas dao origem as ilhotas pancreaticas. Existem entre
um e dois milhdes de ilhotas no pancreas humano, e as células-f constituem
aproximadamente 60% de todas as células da ilhota. O pancreas é considerado uma
glandula mista, também formada por uma parte exdocrina: 0s acinos pancreaticos.
Estes sdo responsaveis pelas secrecbes digestivas, enquanto que as ilhotas
secretam, principalmente, os hormoénios insulina e glucagon (GUYTON; HALL,
2011).

A secrecdo de insulina depende de uma fina regulacdo na maquinaria
secretoria das células-B, sendo ajustada, continuamente, de acordo com as
flutuacbes das concentragcdes de nutrientes circulantes, em especial, a Gli
(BOSCHERO, 1996). A Gli é transportada para o liquido intracelular da célula 8 pelo
transportador de Gli, GLUT2; em sequéncia é fosforilada a Gli-6-fosfato através da
acao da enzima GCK e metabolizada, elevando a concentracdo de ATP que age
fechando os canais de potassio sensiveis a ATP (K*-ATP). A reducao no efluxo de
ions potéassio (K*), recorrente do fechamento dos canais de K*-ATP, tem como
consequéncia a despolarizacdo da membrana e abertura dos canais de Ca?*
sensiveis a voltagem. O influxo de ions célcio (Ca?*) ativa a maquinaria de
exocitose, resultando na secre¢ao dos granulos de insulina (MATSCHINSKY, 1996).
Além do aumento da concentragdo intracelular de Ca?*, a ativacdo da proteina
qguinase A e proteina quinase C pela metabolizacao da Gli, também culminam com a
exocitose dos granulos de insulina (NESHER et al., 2002; TENGHOLM; GYLFE,
2009). Hormonios, agentes farmacolOogicos e neurotransmissores, entre outros
fatores, também modulam, direta ou indiretamente, a secre¢do da insulina
(PENICAUD et al., 1996).

Uma vez secretada a insulina age em seus receptores de membrana
especificos, denominados receptores de insulina (IR), os quais estdo presentes
principalmente no musculo, tecido adiposo e figado. A ligacdo da insulina ao IR
induz a autofosforilagdo do mesmo, ativando uma atividade tirosina quinase
intrinseca, o que fosforila os substratos receptores de insulina (IRSs) (KAHN, 1998).
Dentre esses IRSs, os mais importantes sdo o IRS-1 e IRS-2, pois se associam a
proteinas que tem dominios SH2 e SH3, que reconhecem especificamente a

fosfotirosina (HABER et al., 2001). Desse modo, os IRS-1 e 2 se ligam ao dominio
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SH2 da enzima fosfatidilinositol 3-quinase (PI13-K), ativando-a (BACKER et al., 1992).
A PI3-K é imprescindivel para o transporte de Gli (CZECH; CORVERA, 1999). Sua
fosforilagdo promove a ativacdo de serinas quinases, PKC e da proteina quinase B
(AKUPKB) (CARVALHEIRA; ZECCHIN; SAAD, 2002). A Akt interage com o
fosfatidilinositol-3, 4, 5-trifosfato (PIP3), um produto da fosforilagdo da PI3-K, e
provoca o direcionamento do transportador de Gli tipo 4 (GLUT-4) para a membrana
celular, participando diretamente no transporte de Gli dependente de insulina
(ZECCHIN; CARVALHEIRA; SAAD, 2004).

A hiperglicemia resultante de defeitos na secrecdo e/ou acdo da insulina
levam ao desenvolvimento do diabetes Mellitus (DM) (American Diabetes
Association - ADA, 2002). O DM é uma das disfuncdes relacionadas a obesidade
gue mais se destaca na sociedade. Estudos recentes apontam que em 2011 o
namero de pessoas que apresentavam algum tipo de diabetes em todo o mundo era
de 366 milhBes, com uma estimativa de esse niumero aumentar para 552 milhées em
2030. Em comparativo, no Brasil, a populacdo nacional que apresentava algum tipo
de diabetes era de 12,4 milhdes em 2011, com expectativa de 19,6 milhdes em 2030
(WHITING et al., 2011).

De acordo com a International Diabetes Federation (IDF) (2013), existem trés
tipos principais de diabetes: o DM tipo 1 (DM1), o DM gestacional (DMG) e o DM2. O
DM1 é caracterizado pela destruicdo das células-B do pancreas desencadeada por
um processo auto-imune (IMAGAWA et al., 2000). Os sintomas geralmente
aparecem rapidamente e de forma abrupta, e tem como consequéncia a deficiéncia
total da secrecdo de insulina (GROSS et al., 2002). O DMG ¢é a manifestacdo de
guadros sintomaticos de diabetes durante a gravidez (HOSEINI;
HANTOUSHZADEH; SHOAR, 2011). Mulheres que desenvolveram o DMG tem
maior chance de desencadear outro tipo de DM durante os proximos anos de vida
(ODAR; WANDABWA; KIONDO, 2004). O DM2 é o mais comum entre todos 0s tipos
de diabetes existente (GROSS et al., 2002) e representa de 90 a 95% das pessoas
com diabetes em todo o mundo (ADA, 2006). Do total de portadores do DM2, cerca
de 80% estéo acima do peso ou sdo obesos (BRAY, 1990).

Antes do aparecimento do DM2, existe uma fase denominada de pré-diabetes
(SUCUPIRA et al., 2000) onde os pacientes apresentam intolerancia a Gli (MAZZINI
et al., 2013). A melhor maneira de identificar o pré-diabetes € através da dosagem

da glicemia. Sua definicdo laboratorial ocorre quando a taxa de glicemia de jejum
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(minimo de oito horas) encontra-se entre 100 e 125 mg/dL e/ou quando o valor da
glicemia na segunda hora do teste de sobrecarga oral a Gli esta entre 140 e 199
mg/dL (Sociedade Brasileira de Diabetes - SBD, 2009). A maioria dos pacientes, se
ndo todos, apresentam inicialmente uma tolerancia a Gli prejudicada, o que é
caracterizada por uma fase intermédia na progressdo para o DM2 (POLONSKY;
STURIS; BELL, 1996). Quando realizadas alteracdes apropriadas no estilo de vida
ou através de intervencdes farmacoldgicas, esta progressdo para o DM2 pode ser
atrasada ou, até mesmo, impedida (KNOWLER et al., 2002; TUOMILEHTO et al.,
2001). Além disso, se realizados estudos com individuos ainda na fase de pré-
diabetes, observa-se uma reducédo de mais de 50% na taxa de novos casos de DM2
em um periodo de dois a cinco anos de acompanhamento (SBD, 2009).

Além de alteracbes na secrecdo de insulina observada na fase de pré
diabetes, observa-se alteracdes na morfologia das ilhotas pancreaticas (PICK et al.,
1998). Para compensar a Rl o pancreas de roedores bem como de seres humanos
possui a capacidade de aumentar a massa de células-$ e a secrecao de insulina. De
fato, a massa de células-p € dinamica e capaz de se adaptar a condigdes fisioldgicas
e patologicas para manter a normoglicemia (MEZZA et al., 2014). A capacidade de
proliferagcdo das células-B em resposta a Rl é tida como fator critico para a
homeostase glicEmica e para a prevencdo da progressdao do DM2 (BLANDINO-
ROSANO et al., 2012). Num primeiro momento, fatores como a obesidade, aumento
na ingestéo caldrica e diminuicdo na atividade fisica, podem estimular o aumento da
massa de células-B, o que é caracterizada como uma fase de compensacéao, para
manutencdo da euglicemia nestes individuos. No entanto, um aumento substancial
na demanda por insulina pode causar reducdo das células-p, através de toxicidade
causada pela Gli e/ou por lipidios, ou pelo estado de inflamacé&o cronica e aumento
no estresse oxidativo, entre outros fatores. Este processo induz a uma fase de
descompensacéo, com redugdo na massa de células-f e hiperglicemia. A fase de
descompensacédo pode progredir para uma fase de aceleracdo, com perda severa
na massa células-B ao longo do tempo, devido a reducéo cada vez mais acentuada
destas células, associada com aumento de fibrose e amiloidose celulares (CHO et
al., 2011). No DM2 tem sido reportado um decréscimo de 60% na massa de células-
B, devido a grande demanda de secregao de insulina no estado de hiperglicemia
persistente, que leva a exaustdo destas células, causando a morte celular das
mesmas (CERF, 2013).
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O aumento na massa das células-p ocorre por aumento no tamanho da célula
(hipertrofia) e/ou no numero de células (hiperplasia) (CERF, 2013). Na hiperplasia e
hipertrofia estdo envolvidos processos de reposicdo da massa das células-B, que
podem ocorrer na forma de proliferacdo (replicacdo das células) e neogénese
(diferenciac&o a partir de células precursoras nao () (CERF, 2013). Fatores como o
fator de crescimento do hepatocito (FCH), lactogénio placentario, insulina, fator de
crescimento semelhante a insulina (IGF-1), Gli e muitas outras moléculas tém sido
relacionadas com o aumento da proliferacdo de células-f em ratos e camundongos,
porém com efeitos limitados em humanos (KULKARNI et al., 2012). A proliferacédo
das células-B pancreaticas, assim como em outros tipos celulares, é regulada por
uma série de sinais extras e intracelulares que afetam a maquinaria do ciclo celular.
Estudos demonstram que a hipertonia vagal em ratos VMH-lesados e em
camundongos geneticamente obesos (ob/ob) estimula a proliferacdo das células-B
pancredticas (KIBA et al., 1996; EDVELL; LINDSTROM, 1998). Recentemente,
Lubaczeuski et al. (2015), mostraram em seus estudos que animais obesos-MSG
apresentam aumento no numero de células-f em suas ilhotas.

Horménios incretinas como o peptideo semelhante ao glucagon-1 (GLP-1) e o
polipeptideo inibidor gastrico (GIP) também estdo envolvidos com o controle da
proliferacdo celular e sobrevivéncia das células-B pancreaticas (YABE; SEINO,
2011). O GLP-1 é liberado pelas células L do intestino delgado em resposta a
ingestdo alimentar (WILSON-PEREZ et al., 2013), e potencializa a secre¢do de
insulina dependente de Gli. Também suprime a secre¢do de glucagon (BAGGIO;
DRUCKER, 2007) e, em roedores, aumenta a massa de células-B pela estimulagcao
da neogénese e proliferacéo celular e inibicdo da apoptose (PERFETTI; HUI, 2004).
Além disso, retarda o esvaziamento gastrico e promove saciedade precoce. O GLP1
exerce esse efeito pleiotropico agindo em receptores especificos encontrado nas
células-p pancreaticas e fibras vagais periféricas aferentes (BAGGIO; DRUCKER,
2007). Ele esta entre os principais horménios incretinas e é amplamente utilizado no
tratamento de pacientes com DM2, justamente por ser eficaz na melhoria do efeito
diabético (NAUCK et al., 1993). Os aspectos cinéticos envolvidos na cascata de
reacdo durante a estimulacdo do GLP1, em células- do pancreas, ainda nao foram
claramente determinados. O que se sabe é que o GLP1 ativa adenilato ciclase (AC)
através da ligacdo ao seu receptor de proteina G acoplado e aumenta a

concentracdo de adenosina monofosfato ciclico (AMPc), dando inicio aos efeitos
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insulinotropicos (TAKEDA et al., 2011). O GIP é secretado pelas células K do
duodeno e jejuno proximal, em resposta a ingestao de alimentos ou Gli (VOLLMER
et al., 2008). Foi demonstrado que o GIP tem acao anti-apoptoética em células-B do
pancreas, e esse efeito ocorre pela ativacado das vias do elemento de ligagdo da
proteina de resposta ao cAMP (CREB) e a Akt/PKB (YABE; SEINO, 2011).
Recentemente, em estudo realizado com cultura de células-B (INS-1E), foi
observado que a dopamina (DA) possui atividade antiproliferativa nestas células,
mesmo na presenca de GLP-1 e GIP, que sdo considerados agentes estimuladores
de proliferacdo celular. Este efeito da DA pode ter ocorrido pois a sintese ativa de
DNA foi aumentada em culturas INS-1E tratadas com as respectivas incretinas, em
relacdo ao meio isolado, e a DA reduziu a incorporacao de timidina tritiada induzida
por incretina, para concentracdes abaixo das observadas em culturas controle
(MAFFEI et al., 2015).

Mecanismos de apoptose, necrose e autofagia podem levar a hipoplasia e
hipotrofia, ocorrendo reducdo no numero e/ou tamanho das células-B. Varios
mecanismos tém sido relatados como responsaveis por aumentar a morte
programada (apoptose) de células-B (CHO et al., 2011). Um dos mecanismos € a
ativagcdo do estresse oxidativo, como resultado do aumento na formacéo
mitocondrial de espécies reativas de oxigénio (ROS), que ocorre devido ao
metabolismo excessivo de Gli (ROBERTSON et al., 2003). Um segundo mecanismo
esta relacionado com sobrecarga do ER e a regulacdo positiva do ciclo do piruvato,
gue afeta o desempenho das mitocondrias e a sensibilidade a Gli. Supernutricdo e
aumento no fornecimento de lipideos induzem enzimas envolvidas na beta-oxidacéo,
tal como a CPT-1, resultando em aumento na concentracdo de acetil-CoA, ativacao
alostérica da enzima piruvato carboxilase (PC) e desregulacéo do ciclo do piruvato.
Isto leva a hipersecrecao de insulina basal, acompanhada pela secrecao de amilina,
gue em humanos pode formar fibrilas amiléides que se acumulam na superficie das
células-p para induzir disfuncdo e morte apoptética (MARTINEZ-MORENO;
GARCIACABALLERO, 2013).

A apoptose de células-B esta aumentada em humanos obesos com
intolerancia a Gli ou diabetes, sendo que fatores genéticos tem um papel importante
na susceptibilidade destas células a descompensacédo e progressao para o DM2
(STOEHR et al., 2000). Genes responsaveis pela obesidade e Rl podem interagir

com fatores ambientais (aumento da gordura e/ou ingestao caldrica e diminuicdo da
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atividade fisica), resultando no desenvolvimento de obesidade e RI. Estes fatores
aumentam a demanda por insulina, que é secretada pelas células-p pancreaticas.
Se as células-f sdo normais, o aumento na funcdo e na massa, em resposta a esta
demanda, leva a hiperinsulinemia compensatoria, com consequente manutencdo na
tolerancia a Gli. Por outro lado, células-B susceptiveis possuem um risco
geneticamente determinado, e o aumento na demanda por secrecdo de insulina
juntamente com um meio ambiente prejudicial, pode resultar na disfuncdo das
células-B e diminuicdo da massa das mesmas, levando a diminuicdo na tolerancia a
Gli, seguida, em udltimo momento, pelo desenvolvimento do DM2 (MARTINEZ-
MORENO; GARCIACABALLERO, 2013).

Cirurgia bariatrica e obesidade hipotalamica

Na tentativa de promover perda de peso e melhorar as comorbidades
associadas a obesidade, quatro estratégias podem ser utilizadas: 1) controle da
ingestao calorica da dieta; 2) aumento do gasto energético, através da realizacdo de
exercicios fisicos; 3) utilizacdo de medicamentos controlados, ou a combinacéo
destes trés e 4) controle da absorcéo dos nutrientes nos diversos segmentos do trato
gastrointestinal através de procedimentos cirurgicos de reducdo do tamanho do
estbmago e/ou de desvio do transito alimentar. Este ultimo, também denominado de
cirurgia bariatrica, esta classicamente indicada para individuos com indice de massa
corporal (IMC) igual ou maior de 40 Kg/m? ou entre 35 e 40 Kg/m? com
comorbidades relacionadas a obesidade, e pode ser realizada em individuos de 16 a
110 anos de idade (SOCIEDADE BRASILEIRA DE CIRURGIA BARIATRICA E
METABOLICA - SBCBM, 2011).

Os procedimentos cirlrgicos sdo comumente divididos em trés categorias:
restritivo, disabsortivo e misto (FANDINO et al., 2004). Procedimentos restritivos,
como a banda gastrica ajustavel laparoscépica (BGAL), visam reduzir o volume do
estbmago resultando em rapida saciedade e consumo de refeicdes menores. O
curso natural que os nutrientes seguem ndo € alterado, de qualquer modo.
Procedimento disabsortivos puros, incluindo a derivacao jejunoileal (DJI), bem como
a derivacédo biliopancreética (DBP), envolvem o desvio de uma ou mais por¢des do
intestino (ORGAN et al., 1984). Um procedimento hibrido, que associa a restricdo do
estbmago com o desvio de parte do intestino, conhecido como desvio gastrico em Y

de Roux (DGYR), tornou-se o “gold standard” dentre as cirurgias bariatricas, sendo o
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procedimento mais comumente realizado para perda de peso (KARRA; YOUSSEIF;
BATTERHAM, 2010). Outro procedimento de cirurgia bariatrica experimental que
vém se destacando € a DDJ. Nessa cirurgia ndo ha alteragbes restritivas no
estbmago, somente alteracbes na absor¢do de nutrientes visto que ocorre uma
exclusdo do duodeno e de parte inicial do jejuno (RUBINO; MARESCAUX, 2004;
RUBINO et al., 2006; KINDEL et al., 2010).

Geloneze et al. (2009), relataram que pacientes diabéticos, ndo obesos,
submetidos a DDJ, tiveram reducdo na glicemia de jejum sem alterar o peso
corporal, vinte e quatro semanas apO6s 0 procedimento cirargico. Rubino e
Marescaux (2004) demonstraram em ratos diabéticos ndo obesos Goto-Kakizaki
(GK) que a DDJ diminuiu a glicemia de jejum ainda na terceira semana de poés-
cirurgico, além de melhorar a sensibilidade a insulina e a tolerancia a Gli, em vinte e
em trinta e seis semanas ap0s a cirurgia, respectivamente. A cirurgia de DDJ
também se mostrou eficiente na melhoria da tolerdncia a Gli e na sensibilidade a
insulina, duas semanas apos a cirurgia, em ratos GK, alimentados tanto com high-fat
diet (HFD) quanto com low-fat diet (LFD) no periodo de pds-operatoério (PO). Esta
melhora na tolerancia a Gli foi ainda mais proeminente com o passar do tempo,
sendo mais evidente na décima sexta semana apés a DDJ (LIU et al., 2012).
Pacheco et al. (2007), realizaram testes uma semana e um més apos a DDJ, em
ratos GK, e verificaram que houve diminuigdo na glicemia de jejum e consequente
melhora na tolerancia a Gli em ambos os tempos. Resultados semelhantes foram
observados por Luis et al. (2012), onde ratos GK submetidos a DDJ demonstraram
melhora na tolerancia a Gli ainda na primeira semana de pés-cirdrgico, sendo que as
ilhotas destes animais aumentaram a secrecdo de insulina em concentracdes de
16,7 mmol/L de Gili.

Camundongos C57BL/6, normais e diabéticos, submetidos a DDJ obtiveram
reducdo da glicemia de jejum j& na primeira semana de poés-cirurgico e melhoraram
a tolerancia a Gli quatro semanas apos a cirurgia (WOODS et al., 2011). Em estudo
realizado com um modelo de roedor obeso e diabético, a cirurgia de DDJ melhorou o
perfil glicémico nestes animais a partir da segunda semana de pds-cirdrgico,
ocorrendo diminuicdo nas concentragcfes de Gli sanguinea, melhora na toleréncia a
Gli e na sensibilidade a insulina, sem alteragdo no peso corporal. A partir da sexta
semana houve diminuicdo da glicemia de jejum, sendo que na décima segunda

semana estes animais apresentaram diminuicdo nas concentracdes de leptina e
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interleucina-6 (IL-6) séricos, além de aumento nas concentracfes de adiponectina
(HU et al., 2013). Um estudo recente demonstrou ainda que ratos Wistar, obesos e
diabéticos, submetidos a DDJ melhoram a tolerancia a Gli, dois, quatro, oito e doze
semanas apos realizac@o da cirurgia, além de melhorar a sensibilidade a insulina ja
na segunda semana de PO (WUBULIKASIMU et al., 2014). Com relacdo a animais
pré-diabéticos, Araujo et al. (2012), mostraram em seus estudos que ratos Wistar
obesos por dieta de cafeteria, submetidos a DDJ, apresentaram melhora na
tolerdncia a Gli uma semana ap0s o procedimento cirargico e melhora na
sensibilidade a insulina um més apds a cirurgia. Além disso, estes animais
mostraram aumento na secrecao de insulina estimulada por Gli, nas concentracdes
de 5,6; 11,1; 22,2 mM de Gli, um més ap0s a cirurgia.

Apesar de muitos achados comprovarem o efeito positivo da DDJ na melhora
do perfil glicémico em animais e humanos, ainda h4 estudos que dizem o contrério.
Gavin et al. (2011), em estudo realizado com animais GK, demonstraram que a
cirurgia de DDJ ndo melhorou a tolerancia a Gli nos animais, bem como nao
melhorou as concentracdes de Gli e insulina plasmatica de jejum, duas semanas
apos realizacao do procedimento cirdrgico. Speck et al. (2011), também mostraram
gue a DDJ, realizada em animais GK, ndo melhorou a tolerancia a Gli nas semanas
um, trés, cinco, dez e dezoito de PO, nem a RI na primeira e na décima oitava
semana apos a realizacao da cirurgia.

O efeito da DDJ sobre a morfologia de ilhotas pancreéaticas também tem sido
relatado, porém através de poucos estudos, e geralmente esté associado a secrecéo
do horménio GLP-1 no periodo de PO (SPECK et al., 2011; WOODS et al., 2011).
No entanto esse efeito, a curto e a longo prazo, ndo estd bem estabelecido na
literatura, podendo ocorrer de formas diferentes, de acordo com o tempo de PO e
com o modelo estudado. Woods et al. (2011), demonstraram que a cirurgia de DDJ
ndo modificou a massa de células-p e células-a, em camundongos C57BL/6 magros
nao diabéticos e obesos diabéticos, vinte e oito dias apds realizacdo da cirurgia.
Estudos realizados em animais GK s&do controversos, mostrando que a DDJ pode
aumentar a area de células-B um ano apos realizagao da cirurgia (SPECK et al.,
2011), bem como diminuir a area de células-B, na décima terceira semana de PO
(INABNET et al., 2010).

Estudos também demonstram que a DDJ apresenta efeitos sobre o

metabolismo lipidico. Em ratos Wistar obesos e pré-diabéticos a DDJ normalizou o
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conteudo de gordura hepatico (ARAUJO et al.,, 2012; EBERTZ et al.,, 2014) e a
concentracdo de TG sérico (EBERTZ et al., 2014), dois meses ap6s o procedimento
cirargico. Em ratos diabéticos ndo obesos, a DDJ promoveu reducdo da
concentracdo de TG, COL total e AGL de jejum oito semanas ap0s a cirurgia
(KASHIHARA et al., 2015), bem como, diminuiu TG e AGL na 122 semana de PO
(HU et al.,, 2013). Em um periodo de oito semanas apos realizacdo da cirurgia, a
DDJ melhorou o perfil lipidico em ratos diabéticos, o que foi caracterizado pela
diminuicdo de TG sérico e hepético, bem como reducao da expressao proteica de
fatores de transcricdo e enzimas reguladoras da lipogénese (HAN et al., 2014).

Existem poucos estudos na literatura demonstrando o efeito das cirurgias
bariatricas na OH. Bretault et al. (2013), em uma meta analise, demonstraram que
diferentes técnicas de cirurgia bariatrica (BGAL; gastrectomia vertical (GV); DGYR;
BPD) utilizadas em pacientes com OH, apos retirada de craniofaringioma, séo
realmente eficientes na reducéo de peso apos 12 meses de PO, sendo a cirurgia de
DGYR a mais efetiva neste parametro. Gatta et al. (2013) observaram perda de peso
significativa em 3 pacientes submetidos a cirurgia bariatrica, sendo que dois deles
apresentaram diminuicdo do IMC ainda doze meses ap0s o procedimento cirlrgico
de GV, sendo que o terceiro paciente, que foi submetido a DGYR, apresentou
significativa perda de peso trinta e seis meses ap0s ser submetido a cirurgia. Em
estudo realizado com apenas um paciente, que desenvolveu OH ap0s remover um
craniofaringioma na infancia, dados mostraram que dezoito meses apoés realizacéo
de bypass gastrico distal o paciente apresentou perda de peso significativa (52 Kg) e
teve resolucdo do quadro diabético (SCHULTES et al.,, 2009). Inge et al. (2007)
demonstraram em um paciente com OH, submetido a DGYR em associacdo a
vagotomia, reducdo no peso corporal, diminuicdo de TG sérico e normalizacdo da
hiperinsulinemia de jejum, que se manteve durante os dois anos e meio de
acompanhamento pdés-cirlrgico.

Rottembourg et al. (2009), avaliaram o efeito da cirurgia em adolescentes
portadores de OH de ambos o0s sexos. Pode-se verificar perda de peso e
normalizacdo do quadro de dislipidemia, apds quatro anos na adolescente do sexo
feminino submetida ao procedimento de DGYR. No jovem do sexo masculino,
submetido ao desvio biliopancreatico com bolsa duodenal, foi observado diminuicdo
no IMC dois anos apés a cirurgia. Além disso, em estudo de caso realizado com uma

paciente do sexo feminino, observou-se reducao do peso corporal nove meses apos
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a realizacdo da DGYR que se manteve até os dezenove meses de PO (PAGE-
WILSON et al., 2012).

Muller et al. (2007) descreveram em seus estudos que quatro pacientes, com
histéria de craniofaringioma na infancia e obesidade mérbida posterior, que foram
submetidos a BGAL, tiveram IMC diminuido ou inalterado, durante um tempo de
seguimento de um ano e meio a quatro anos e meio apoés a cirurgia. Por outro lado,
Weismann et al. (2013), em estudo retrospectivo, demonstrou que pacientes
submetidos a BGAL e gastrectomia vertical (Sleeve gastrico) ndo tiveram o IMC
alterado apés 5 e 2 anos de cirurgia, respectivamente. Porém, mostrou que 2
pacientes submetidos ao procedimento de DGYR obtiveram reducdo do peso

corporal apés trés anos de realizacdo do procedimento cirdrgico.

Modelos animais de obesidade hipotalamica

Modelos animais séo utilizados com a finalidade de mimetizar a OH em
humanos, e dentre entre eles podemos citar os animais VMH-lesados e 0s animais
com obesidade induzida por MSG. Neste primeiro modelo, ratos e camundongos sao
submetidos a les@es eletroliticas em regides hipotalamicas, mais propriamente no
VMH (BRAY; YORK, 1979). Sabendo-se que o hipotalamo € o principal centro
regulador do apetite e do peso (HETHERINGTON; RANSON, 1940), e que o VMH é
considerado o centro da saciedade (RAO, 2012), tem-se que lesGes nestes locais
especificos levam a uma desordem no SNC, desenvolvendo-se um quadro de
obesidade.

O tratamento neonatal com MSG provoca lesBes quimicas em regides
hipotalamicas, promovendo a destruicdo de cerca de 90% das células nervosas no
SNC, especialmente no ARC (NEMEROFF et al., 1978; TAKASAKI, 1978) e na EM
do hipotalamo (OLNEY; SHARPE, 1969). O MSG ¢é administrado através de injeces
subcutaneas na prole recém-nascida, que induzem necrose aguda em varias regides
do cérebro em desenvolvimento, incluindo o hipotalamo (OLNEY, 1969). Animais
MSG sao caracterizados por apresentarem reducdo da secrecdo do hormoénio
liberador do horménio do crescimento (GHRH) (BLOCH et al., 1984; SASAKI;
KAWAI; OHTA, 1994) e consequente redugcdo da concentracdo de GH circulante
(MAITER et al., 1991), além de reducdo do peso, da massa muscular e da maioria
dos 6rgdos (HAMAOKA; KUSUNOKI, 1986), bem como, redu¢cdo no comprimento
naso-anal (CNA) e desenvolvimento improprio do esqueleto (DAWSON, 1983;
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IWASE et al., 2000). Ratos obesos-MSG apresentam diminuigéo na concentragéo de
NPY em varias areas hipotalamicas (MORRIS et al., 1998) e, em contrapartida, uma
alta concentragéo de leptina circulante (DAWSON et al., 1997).

A ineficiéncia na mobilizacdo de gordura nesses animais contribui para a
obesidade (SOUZA et al.,, 2001) que se desenvolve apresentando normo ou
hipofagia (HIRATA et al., 1997). Além disso, sdo caracterizados por apresentarem
intolerancia a Gli, hiperinsulinemia e Rl (BALBO et al.,, 2007), entretanto, estes
animais sdo considerados pré-diabéticos, visto que sdo normoglicémicos frente a
hiperinsulinemia (LUCINEI BALBO et al.,, 2000). As ilhotas pancredticas nestes
animais secretam altos niveis de insulina em resposta a Gli (LUCINEI BALBO et al.,
2000), e apresentam uma diminuicdo da quantidade de receptores muscarinicos do
tipo 3 (M3), e da expressédo da proteina quinase C alfa e da proteina quinase A alfa.
Sendo assim, uma vez que estes receptores e quinases sao cruciais para a
preservacdo da massa das ilhotas, sugere-se que ilhotas de ratos MSG podem
desenvolver disfuncdo em suas células-p, além de falhas durante a manutencdo do
tecido do pancreas endocrino, podendo levar ao desenvolvimento do diabetes
(RIBEIRO et al., 2013). Alteracdes no SNA, com redugdo do tdnus simpético e
aumento do parassimpatico, também tem um papel importante na instalagdo da
obesidade neste modelo. Areas cerebrais de ratos obesos-MSG, especificamente o
hipotalamo tem maior atividade colinérgica (BONFLEUR et al., 2000).

Foi demonstrado recentemente que a cirurgia de DDJ realizada no modelo
animal de OH melhora a insulinemia, a secrecao de insulina estimulada pela Gli e a
resisténcia periférica a insulina no figado, além de melhorar o perfil lipidico com
normalizacdo de TG e COL total de jejum dois meses apds o procedimento cirdrgico
(BONFLEUR et al. 2015).
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Abstract
Purpose: Modifications in life-style and/or pharmacotherapies contribute to weight loss and
ameliorate the metabolic profile of diet-induced obese humans and rodents. Since these
strategies fail to treat hypothalamic obesity, we have assessed herein the possible mechanisms
by which the duodeno-jejunal bypass (DJB) operation regulates hepatic lipid metabolism and
the morphophysiology of pancreatic islets, in hypothalamic obese (HyO) rats. Methods:
During the first 5 days of life, male Wistar rats received subcutaneous injections of MSG [4
g/kg body weight, HyO group], or saline (CTL). At 90 days of age, HyO rats were randomly
subjected to DJB (HyO DJB) or sham operations (HyO Sham group). Results: HyO Sham rats
were morbidly obese, insulin resistant, hypertryglyceridemic and displayed higher serum
concentrations of nonesterified fatty acids (NEFA) and hepatic triglyceride (TG). These
effects were associated with higher expressions of the lipogenic genes and FASN protein
content in the liver. Furthermore, hepatic genes, involved in B-oxidation and TG export, were
down-regulated in HyO rats. In addition, these rats exhibited hyperinsulinemia, -cell
hypersecretion, a higher percentage of islets and B-cell area/pancreas section, and enhanced
nuclear content of Ki67 protein in islet-cells. At 2 months after the DJB operation, the serum
concentrations of TG and NEFA, but not hepatic TG accumulation and gene and protein
expressions, were normalized in HyO rats. Insulin release and Ki67 positive cells were also
normalized in HyO DJB islets. Conclusions: DJB decreases islet-cell proliferation, normalizes
insulinemia, ameliorates insulin sensitivity and plasma lipid profile, independently of changes

in hepatic metabolism.

Keywords: Duodenal-jejunal bypass, Hepatic fatty acid metabolism, Hypothalamic obesity,

Ki67, Insulin secretion.
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Introduction

Obesity predisposes to insulin resistance and contributes to the pathogenesis of type 2
diabetes (T2D) [1]. Insulin resistance also disrupts whole body lipid metabolism, leading to
hypertriglyceridemia and accumulation of triglycerides (TG) in the liver, promoting
nonalcoholic fatty liver disease (NAFLD) [2]. Insulin resistance is counteracted by an
increase in insulin secretion, due to morphological and functional alterations in pancreatic [3-
cells. However, when B-cell compensatory modifications cannot be sustained, T2D is
established [3, 4].

The hypothalamus is a key regulator of body mass, controlling food intake, energy
expenditure, and body fat stores. Hypothalamic damage, promoted by genetic defects,
radiotherapy or the resection of a brain tumor can lead to neuroendocrine dysfunctions
resulting in morbid obesity [5]. Hypothalamic obese (HyO) patients display hyperinsulinemia,
insulin resistance, hypertriglyceridemia, hyperleptinemia and NAFLD [6-9]. Life-style
modifications, physical activity and/or pharmacotherapy are used for weight loss in
genetically and diet-induced obesity [10], but often fails in HyO patients (12). An alternative
for these patients may be bariatric operations, but the effects of this procedure in HyO
individuals are controversial [5, 11, 12].

The duodenal-jejunal bypass (DJB) operation seems to be a good strategy to improve
glucose homeostasis and NAFLD in obese rodents, induced by hyper caloric diet or genetic
alterations [13-16]. However, information about the effects of DJB upon hypothalamic
obesity is scarce, possibly due to a lack of experimental models that mimic the features of this

syndrome. The treatment of neonatal rodents with monosodium glutamate (MSG) leads to
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hypothalamic lesions that promote neuroendocrine dysfunctions and metabolic disruptions,
similar to those observed in HyO humans. MSG-obese rats presented morbid obesity,

NAFLD, glucose intolerance, insulin resistance, hyperinsulinemia, hyperleptinemia, and
pancreatic islet hyperfunction [17-21]. The DJB operation does not decrease adiposity and
hepatic steatosis, but ameliorates body glucose control and hepatic insulin action [22]. As
such, we herein aimed to better understand the mechanism of action by which the DJB
operation regulates hepatic lipid metabolism and pancreatic islet morphophysiology in HyO

rats.

Materials and Methods
Induction of hypothalamic obesity and DJB operation protocol

Male newborn Wistar rats received a daily subcutaneous injection of MSG [4 g/kg
body weight (BW), HyO group], or hyperosmotic saline (1.25 g/kg BW, CTL group) during
the first 5 days of life. All rats were maintained on a 12h light/dark cycle (lights on 06:00-
18:00h) and controlled temperature (22 £ 1°C), with free access to standard rodent chow
(Biobase®, Aguas Frias, SC, BRA) and water.

At 90 days of age, HyO rats were randomly submitted to DJB (HyO DJB group) or
sham operations (HyO Sham). Preoperative procedures were performed as previously
described by Meguid et al. [23]. Rats were deprived of food for 12 h and were anesthetized
with isoflurane (Isoforine®, Cristalia, SP, BRA). For the DJB operation, HyO rats were
laparotomized and a postpyloric transection was made to separate the stomach from the
duodenum. The reconstruction of the intestinal passage was performed in the terminolateral
duodenojejunostomy 5 cm aboral of the flexura duodenojejunalis. In HyO Sham rats, after the
laparotomy, the stomach, duodenum and intestines were massaged, and the incision was

closed. The UNIOESTE’s Committee on Ethics in Animal Experimentation approved all
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experiments.

Evaluation of obesity and biochemical parameters

Body weight (BW) was measured monthly during the entire experimental period. At 2
months after the DJB and sham operations, the final BW and nasoanal length were measured
to calculate the Lee Index [BW (g)1/3/nasoanal length (cm) x 1000][24]. Blood was obtained
by a cut in the tail tip from 8h-fasted rats, and glucose was measured using a glucose analyzer
(Abbott®, Optium Xceed, Alameda, CA). Subsequently, the rats were euthanized by
decapitation and total blood was collected to obtain the serum, which was used to measure
TG, total cholesterol (CHOL) and nonesterified fatty acids (NEFA) with standard commercial
Kits, according to the manufacturers’ instructions (Laborclin®, Bioliquid, Pinhas, PR, BR and

Wako®, Germany, respectively). Serum insulin was measured by radioimmunoassay (RIA).

Liver TG content
Fragments from the liver were collected and lipids were extracted by the Folch’s
method [25]. The extract was evaporated and then diluted in isopropanol, and TG was

measured as described above.

HOMA-IR
Tissue insulin sensitivity was evaluated by the previously validated homeostasis
model assessment (HOMA) using the HOMA index of insulin resistance [[HOMA-IR)

= fasting insulin (UU/mL) x fasting glucose (mM)/22.5][26].

Static insulin secretion

Pancreatic islets were isolated by the collagenase digestion of pancreases. For static
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incubation, groups of four islets from each group were firstly incubated for 30 min in Krebs-
Ringer bicarbonate (KRB) solution containing: 115 mM NaCl, 5 mM KCI, 2.56 mM CaCl2, 1
mM MgCI2, 10 mM NaHCO, 15 mM HEPES, supplemented with 5.6 mM glucose, 3 g of
BSAVJ/L, and equilibrated with a mixture of 95% 02/5% CO2 to give pH 7.4. This medium
was then replaced with fresh KRB buffer and the islets were incubated for a further 1 h in the
presence of 5.6 or 8.3 mM glucose. At the end of the incubation period, aliquots of the
supernatant were collected and maintained at —200C for posterior insulin measurement by

RIA.

Pancreas morphometry and immunohistochemistry

Pancreases from all groups of rats were removed, weighed and fixed for 24h in 4%
formaldehyde solution (Sigma Aldrich Chemicals, St Louis, MO, USA). The tissue was then
embedded in Paraplast® (Sigma Aldrich Chemicals, St Louis, MO, USA). From each
pancreas, five consecutive 7-um serial sections were selected; and after an interval of 140 um
in thickness, five more consecutive sections were obtained. Three sections were randomly
selected for insulin, two sections for glucagon and one for the Ki67 immunoperoxidase
reaction. For immunohistochemistry, Paraplast® was removed, the sections were rehydrated
and washed with 0.05 M tris—saline buffer (TBS) pH 7.4, and incubated with TBS containing
0.3% H202 for endogenous peroxidase activity blockade and permeabilized for 1 h with
TTBS (0.1 % Tween 20 and 5 g/% of fat free milk in TBS). The sections were incubated with
a polyclonal guinea pig antiinsulin (1:150; Dako North America, Inc., CA, USA), or rabbit
anti-glucagon (1:50; Dako North America, Inc., CA, USA), or rabbit monoclonal anti Ki67
(1:20; Spring Bioscience, CA, USA) antibody at 4°C overnight. Subsequently, the sections
were incubated with rabbit anti-guinea pig IgG or goat anti-rabbit conjugated antibody with

HRP for 1 h and 30 min. The positive insulin, glucagon or Ki67 cells were detected with
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diaminobenzidine (DAB; Sigma- Aldrich Chemicals, St Louis, MO, USA) solution (10%
DAB and 0.2% H202 in TBS). Finally, the sections were quickly stained with Ehrlich’s
hematoxylin and mounted for microscopic observation. All islets present in the sections were
covered systematically by capturing images with a digital camera coupled to a microscope
(Olympus DP71; Olympus BX60). Pancreatic islet, -cell and a-cell areas were measured
using the Image-Pro-Plus Media, Cybernetics Software (Rockville, MD, USA). The islet, -
cell and a-cell masses were calculated by the total islets, B-cell and a-cell areas (% pancreas
area) multiplied by pancreas weight (mg) [27]. The proliferation of islet cells was expressed

as the percentage of nuclei in islets stained for Ki67 protein.

RNA isolation and gPCR

Total liver RNA was isolated using the PuriLink® RNA minikit (Life
Technologies, CA, USA). Quantification of mRNAs were performed using the 7500
Fast Real-Time PCR System (Applied Biosystems, Carlsbad, CA, USA), and the expression
concentration of each amplified gene was normalized to that of the glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) gene. The absolute amount of gene expression was
calculated by the use of standard curves (108-103 copies /2 uL. DNA molecules), produced
from the gene amplification products on 2% agarose gels. Primer sequences used for rat genes
were: liver-type pyruvate kinase (LPK, 5, GACCCGAAGTTCCAGACAAGG and 3',
ATGAGCCCGTCGTCAATGTAG); acetyl-CoA carboxylase 1 (ACC-1, 5/,
AGGAAGATGGTGTCCCGCTCTG and 3', GGGGAGATGTGCTGGGTCAT); fatty acid
synthase (FASN, 5', AGGTGCTAGAGGCCCTGCTA and 3/,
GTGCACAGACACCTTCCCAT); stearoylcoenzyme A desaturase 1 (SCD-1, 5,
CAGTTCCTACACGACCACCACTA and 3',GGACGGATGTCTTCTTCCAGAT); acyl-

CoA oxidase (ACO, 5', CCCAAGACCCAAGAGTTCATTC and 3/,
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TCACGGATAGGGACAACAAAGG); carnitine palmitoyltransferase 1a (CPT-1a, 5',
CTCCTGAGCAGTTACCAATGC and 3, GAACCTTGGCTGCGGTAAGAC); microsomal
triglyceride transfer protein (MTTP, 5, CTTCTGCCTACACTGGCTACG and 3,
GTTCTCCTCTCCCTCATCTGGO) and GAPDH (5, GAACGGGAAGCTCACTGGC and

3', GCATGTCAGATCCACAACGG).

Western Blot

For protein expression experiments, fragments of liver were solubilized in
homogenization buffer (100 mM Tris pH 7.5, 10 mM sodium pyrophosphate, 100 mM
sodium fluoride, 10 mM EDTA, 10 mM sodium vanadate, 2 mM PMSF and 1% TritonX 100)
at 4°C using a Polytron MA 102/mini homogenizer (Marconi®, Piracicaba, Sdo Paulo, BRA).
The protein concentration in the supernatants was assayed using a commercial Bradford
reagent (Bio-Agency Lab., Sdo Paulo, SP, BRA) and BSA for thestandard curve. For SDS gel
electrophoresis, the protein samples were homogenized with a loading buffer containing
dithiothreitol and heated at 95°C for 5 min. Subsequently the proteins were separated by
electrophoresis (100 pg protein/lane in 6.5% gels) and transferred to nitrocellulose
membranes. The membranes were blotted with specific primary antibodies against ACC
(1:1000, cat. # 3662S, Cell Signaling Technology, Boston, MA, USA), phospho- pACCSer79
(1:1000, cat. #3661, Cell Signaling Technology, Danvers, MA, USA), FASN (1:1000, cat. sc-
20140, Santa Cruz, CA, USA), and CPT-1a (1:1000; cat n° ab128568, Abcam, Inc.,
Cambridge, MA). Visualization of specific protein bands was carried out by incubating the
membranes with secondary antibodies (Cell Signaling Technology, Inc., Beverly, MA), and
images were captured using a photodocumentor (L-Pix Chemi Express, Loccus Biotecnology,
SP, BRA). Lablmage 1D software was used to analyze the density of the bands (Loccus

Biotecnology, SP, BRA). The a-tubulin protein (1:1,000, cat. T5168, Sigma-Aldrich
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Chemicals, St Louis, MO, USA) was used as a control of protein expression.

Statistical analysis
Results are presented as means + SEM. Data were analyzed using one-way analysis of
variance (ANOVA) followed by the Tukey post-test (P < 0.05) with the GraphPad Prism®

Software version 5.00 (San Diego, CA, USA).

Results
General rat parameters

HyO rats showed a significantly lower BW at 2 months of age; this weight
remained lower, compared to CTL rats. until the end of the experimental period (P <
0.05) (Fig. 1A). The total BW, as judged by the area under the growth curve (AUC),
was lower in HyO Sham rats than that observed for CTL rats (P < 0.01; Fig. 1B). The
DJB operation did not modify BW in HyO DJB rats, when compared with HyO Sham
rats (Fig. 1A and B, respectively).

At the end of the experimental period, the final BW and nasoanal length were lower in
the HyO Sham rats, compared with CTL (P < 0.0001 and P < 0.0001; Tab. 1). However, the
HyO Sham group displayed an enhanced Lee index and increases of 63% and 92% in the
retroperitoneal and perigonadal fat stores, when compared with CTL rats (P < 0.01, P <0.001
and P < 0.001, respectively; Tab. 1). At 2 months after the DJB operation, all these

parameters were similar to those found in the HyO Sham group (Tab. 1).

Serum and hepatic lipid profiles
We investigated the effects of HyO and DJB on body lipid homeostasis. HyO Sham rats

presented higher NEFA serum concentrations, hypertriglyceridemia and higher TG content in
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the liver (P <0.0001; Tab. 2). At 2 months after the operation, serum NEFA and TG were
reduced by 42% and 26%, respectively, in HyO DJB rats, compared with HyO Sham rats (P <
0.001 and P < 0.01; Tab. 2). However, the hepatic TG content in HyO DJB rats was similar to
that of the HyO Sham rats and higher thanthat of the CTL group. No modifications in total
serum CHOL values were observed in the experimental groups (Tab. 2).

To better characterize hepatic lipid metabolism in HyO rats, the expression of several
genes and proteins involved in de novo lipogenesis and fatty acid (FA) B-oxidation were
investigated. When compared to the CTL rats, HyO Sham rats showed a higher expression of
the hepatic lipogenic mRNAs, LPK, ACC-1, FASN and SCD-1 (P < 0.05, P < 0.05, P <0.001
and P < 0.01, respectively; Fig. 2), but reduced CPT-1a and MTTP gene expressions, key
factors involved in B-oxidation and in assembling of the TG-rich ApoB-containing
lipoproteins, respectively (P < 0.05 and P < 0.001; Fig. 2). However, only the hepatic protein
content of FASN, a enzyme that catalyzes the synthesis of long-chain FA from acetyl-CoA
and malonyl-CoA, was significantly higher in the liver of HyO Sham rats, compared with
CTL animals (P < 0.05; Fig. 3C). In addition, pACC/ACC protein expression was
significantly reduced in the liver of HyO Sham rats (P < 0.04: Fig. 3B), indicating an
increased ACC activity and, therefore, higher FA synthesis. The DJB operation failed to
normalize hepatic gene and protein expressions of the enzymes involved in de novo

lipogenesis and B-oxidation (Fig. 2 and 3).

Glucose homeostasis

HyO Sham rats presented normal fasting glycemia (Fig. 4A), but higher insulinemia (P <
0.02; Fig. 4B), indicating an impaired insulin action in peripheral tissues, as indicated by the
higher HOMA-IR index in HyO Sham rats, compared with CTL (P < 0.003; Fig. 4C). The

DJB operation reduced the insulinemia to values similar to those observed for the CTL (Fig.
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4B); however, the HyO DJB rats showed only a partial reduction in HOMA-IR (Fig. 4C).

The higher insulinemia, observed in the HyO Sham group, was associated with enhanced
pancreatic B-cell responsiveness to glucose, since insulin secretion at 8.3 mM glucose in islets
from HyO Sham rats was 1.9-fold greater, than in CTL islets (P < 0.05, Fig. 4D). The
reduction in insulinemia in HyO rats, observed at 2 months after the DJB operation, was
accompanied by a decrease in insulin release, in response to 8.3 mM glucose in HyO DJB

islets, compared with HyO Sham rats (P < 0.01; Fig. 4D).

Pancreatic islet morphology and morphometry

We analyzed whether the islet function modifications induced by the DJB operation in
HyO rats were due to alterations in endocrine pancreas morphology. HyO Sham rats
presented 33% lower pancreas relative weight per BW, compared to the CTL rats (P < 0.01;
Tab. 3). At 2 months after the DJB operation, HyO DJB rats displayed a 1.6-fold increase in
pancreas relative weight, compared with HyO Sham rats (P < 0.01; Tab. 3). Histological
analysis of the pancreas of CTL, HyO Sham and HyO DJB groups did not reveal any
significant difference in the islet architecture. The islets from these groups were
approximately spherical or oval in shape, displaying a typical B-cell arrangement within the
islet core and a-cells at the periphery (Fig. 5A). However, the size of the islets, as well as the
areas of a- and B-cells, were smaller in HyO Sham rats, than that observed in the CTL
pancreas (P < 0.001 and P < 0.001, respectively; Tab. 3). In contrast, the pancreas of HyO
Sham pancreas presented a greater percentage of total islet and B-cell areas per pancreas
section than the CTL pancreas (P < 0.001; Tab. 3). However, islets, B-cell and a-cell masses
did not differ between the HyO Sham and CTL groups (Fig. 5B, C and D). In contrast, HyO
Sham pancreatic islets presented a higher percentage of nuclei stained for Ki67 protein, in

comparison to CTL islets (P < 0.001; Fig 6A and B). At 2 months after the DJB operation,
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HyO DJB pancreatic islets, p and a-cell areas did not differ from those of the HyO Sham
group (Tab. 3), although significant reductions in the total percentage of islet and j-cell areas
per pancreas section were evidenced in HyO DJB, when compared with the HyO Sham group
(P <0.001; Tab. 3). In addition, HyO DJB pancreatic islets presented a reduced percentage of

Ki67-positive nuclei, compared to that of HyO sham rats (P < 0.0001; Fig. 6B).

Discussion

Hypothalamic obesity is a major and unsolved problem in patients with medial
hypothalamic lesions and has a major negative impact on survival and quality of life
[28]. We, herein, report data that provide evidence about the mechanism by which the
DJB operation may regulate hepatic lipid metabolism and endocrine pancreatic
morphofunction in HyO rats.

In accordance with our previous observations [18, 20], and similarly to observations in
HyO patients [6-9], HyO Sham rats were hypertriglyceridemic with higher serum NEFA and
hepatic TG concentrations. These alterations may be associated with enhanced expression of
de novo lipogenic genes (LPK, ACC-1, FASN and SCD-1) and FASN protein, and ACC
activation in the liver of HyO rats. In addition, the higher concentrations of NEFA in the
serum of HyO Sham rats may enhance the accumulation of TG in the liver. Circulating
NEFAs are derived from three sources, the diet, de novo synthesis and circulating FA [29],
and the consumption of high-fat or western diet lead to the development of hepatic steatosis
[16, 30]. Conversely, it has been suggested that, approximately, 60% of liver fat is derived
from circulating NEFA in individuals who eat a normal fat-containing diet [29]. Since MSG
hypothalamic lesions did not enhance food consumption [18], but lead to obesity and insulin
resistance in skeletal muscle and adipose tissue [31], this effect contributes to increase plasma

NEFA levels, due to increased lipid release from adipose tissue, which enhances the FA
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source to the liver.

Furthermore, reductions in hepatic FA B-oxidation also account for NAFLD
[32]. Although CPT-1a mRNA was down-regulated in the liver of HyO rats, the hepatic CPT-
l1a protein was not changed indicating that a post-transcriptional modification occurs in the
liver of these rodents. However, MTP mRNA, which encodes a protein that participates in the
TG transfer to nascent apolipoprotein B to form very low-density lipoproteins [33], was
down-regulated in HyO Sham rats, indicating possible impairment in hepatic TG export.

Previous observations, using diet-induced obesity in rodents, demonstrated that the
DJB intervention is beneficial against liver fat deposition. At 8 weeks after the DJB operation,
high-fat diet rats treated with streptozotocin presented reductions in ACC and FASN protein
levels, which lowered hepatic TG accumulation [30]. In rats that consumed a western diet,
DJB also decreased circulating and hepatic TG concentrations [16]. Although HyO rats
displayed normal circulating TG and NEFA concentrations, the expression of hepatic
lipogenic genes was not decreased, nor was the expression of B-oxidation mMRNAs improved
at 2 months after the DJB operation. Furthermore, FASN protein and ACC activation were
higher in HyO DJB rats. This FA hepatic metabolic profile may contribute to maintain the
higher TG deposition in the liver of HyO DJB rats. Conversely, the normalization of NEFA
serum concentrations in HyO DJB rats may be due to the partial restoration of insulin action,
as demonstrated by HOMA-IR values in these rodents, suggesting that the improved insulin
action in adipose tissue can contribute to decrease lipolysis and improve FA utilization by
peripheral tissues. Therefore, these data indicate that HyO pathophysiology differs from other
types of obesity. As such, it is plausible that therapeutic strategies frequently used against to
obesity, related to nutrition, do not provide full metabolic benefits in HyO patients.

In contrast, HyO rats were normoglycemic, despite the presence of a severe insulin

resistance. Normoglycaemia in these rats was supported by hyperinsulinemia, provided by
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insulin hypersecretion from the pancreatic f-cells. Similar features have been observed in
HyO patients [6]. Hyperinsulinemia in hypothalamic lesions is frequently associated with the
disruption of the autonomic nervous system (ANS) in HyO humans and experimental rodents
[7, 9, 34-36]. The ANS dysfunction is characterized by a lower inhibitory sympathetic tone,
associated with an augmented vagal parasympathetic signaling to the pancreatic $-cells. The
acetylcholine released by the vagus nerve acts through muscarinic type 3 receptors increasing
[Ca2+]i and protein kinase C activation, which potentiate $-cell secretion [37]. Furthermore,
higher parasympathetic activity enhances B-cell mass and secretion under normal and
pathological conditions [38-40]. Accordingly, we recently demonstrated that HyO pancreatic
islets present a higher B-cell number per islet, indicating that compensatory morphofunction
alterations in the HyO pancreas are associated with enhanced islet-cell replication, induced by
vagal hypertonia, since truncal vagotomy in HyO rats normalized -cell amount per islet [21].
In addition, we also observed a higher number of Ki67-positive cells in the HyO endocrine
pancreas, a marker of islet-cell proliferation, which accounted for the insulin hypersecretion
from HyO islets.C57BI/6 mice, submitted to a high-fat diet, are reported to show an expansion
of their B-cell mass due to an increased -cell proliferation rate during the first week of the
diet and before the appearance of insulin resistance [4]. This early B-cell replicationmay occur
due to increased parasympathetic activity, since the vagus nerve controls cellular
proliferation. In VMH-lesioned rats, which developed hyperphagia and obesity, an increase in
DNA synthesis in hepatocytes was observed at 1 day after the lesion, reaching maximum
levels at 3 days after lesion [41]. VMH-lesioned rodents alsoshowed hyperproliferation of
cells in the gastrointestinal mucosa [42], and in the B and acinar cells of the pancreas [38].
This increased proliferation was inhibited by truncal vagotomy or by the administration of the
cholinergic blocker, atropine [38, 41]. In fact, at 1 week after bilateral transection of the celiac

branch of the vagus nerve, control Sprague-Dawley rats have been shown to present a 50%
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reduction in p-cells [43].

The DJB operation, independently of changes in body adiposity, seems to be a good
strategy to improve glucose homeostasis in pre-diabetic and diabetic experimental rodents and
patients [15, 22]. However, the effects of DJB intervention upon the morphofunction of the
endocrine pancreas are largely unknown. At 28 days after the DJB operation, high-fat diet
mice did not present modifications in B-cell mass or B-cell proliferation [13]. The DJB
operation increased the B-cell area and reduced islet fibrosis after 12 months, in nonobese
diabetic Goto-Kakizaki (GK) rats [14]. Our study is the first to demonstrate that DJB
normalizes islet-cell proliferation rate in HyO DJB rats. This effect may contribute to the
normalization of islet and p-cell percentage per pancreas section, and the f-cell number per
islet in the HyO pancreas, restoring the B-cell secretory capacity.

The modifications in body glucose control and B-cell function that occur following
bariatric operations are frequently associated with the secretion of gut hormones such as
glucagon-like peptide (GLP)-1 and glucose-dependent insulinotropic polypeptide (GIP) [14,
44]. These hormones potentiate glucose-induced insulin release (the so-called incretin effect)
and regulate islet-cell survival [45, 46]. However, in GK rats, the improved glycemic control,
seen at 1 month after the DJB surgery, was not accompanied by an increase in GLP-1, GIP
and insulin plasma concentrations, after glucose intake [47]. As such, our results suggest that
the benefits of bariatric surgeries upon endocrine pancreatic morphofunction may be linked to
alterations in ANS function, normalizing sympathetic/parasympathetic actions upon
pancreatic islets that restore islet-cell morphology and insulin secretion, improving the
hyperinsulinism that caused the desensitization of the action of insulin in its target tissues
[48].

Alterations in ANS function have been poorly investigated in bariatric surgeries.

A reduced vagal innervation close to the proximal and distal stomach of high-fat diet mice,
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submitted to Roux-en-Y gastric bypass (RYGB), was observed, without alterations in the
density of vagal fiber innervation to the pancreas [49]. In accordance, lean Sprague-Dawley
rats, submitted to RYGB, presented reduced activation of afferent and efferent fibers of the
gastric vagal branches, which disconnects the vagal signaling from the stomach to the
hindbrain [50]. Although alterations in gut-brain communication have been reported for
procedures that differ from the DJB operation(as, for the RYGB, the stomach is transected
transversely and both the ventral and the dorsal branches of the gastric vagus are transected),
we speculate that the exclusion of the duodenum and jejunum from the nutrient transit might
alter parasympathetic actions, resulting in a better parasympathetic/sympathetic
communication to the pancreas and normalizing pancreatic islet morphofunction in HyO DJB
rats.

In summary, our study is the first to show that, at 2 months after the DJB operation,
HyO rats did not reduce hepatic TG accumulation due to the higher gene and protein
expression of de novo lipogenic enzymes, together with reduced MTP mRNA, which
probably impairs lipopoliprotein assembly. However, the DJB operation presented benefits on
endocrine pancreatic morphology in HyO rats, decreasing isletcell hyperplasia by reducing
the cellular proliferation rate, which contributes to normalize insulin release, insulinemia and,

partly, the action of insulin.
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Figure legend

Figure 1: mean = sem (n = 13-16) of body weight in CTL, HYO sham and HYO DJB rats,
recorded during 5 months. *HyO Sham and HyO DJB groups are different from CTL (One-
way ANOVA followed by the Tukey post-test, P < 0.05).

Figure 2: LPK, ACC-1, FASN, SCD-1, ACO, CPT-1a and MTP mRNA contents in the livers
of CTL, HyO Sham and HyO DJB rats. Mean = SEM, n= 5-8. Different letters over the bars
indicate significant difference (One-way ANOVA followed by the Tukey post-test, P < 0.05).

Figure 3: Hepatic protein expressions of ACC (A), pACC ¢"°/ACC (B), FASN (C) and CPT-
la (D) in CTL, HyO Sham and HyO DJB rats. Data are means £ SEM, n=5-8 rats. Different
letters over the bars indicate significant difference (One-way ANOVA followed by the Tukey
post-test, P < 0.05).

Figure 4: (A) Mean = SEM (n=8-14) of serum glucose, (B) insulin concentration, and (C)
insulin sensitivity, measured by the HOMA-IR in fasted CTL, HyO Sham and HyO DJB rats.
(D) Glucose-induced insulin secretion in islets isolated from CTL, HyO Sham and HyO DJB
rats. Groups of 4 islets were incubated for 1 h in the presence of 5.6 or 8.3 mM glucose. Data
are means + SEM obtained from 8-12 groups of islets in two independent experiments with 4
rats per group. Different letters over the bars indicate significant differences (One-way
ANOVA followed by the Tukey post-test, P < 0.05).

Figure 5: (A) Representative images of pancreas sections stained for insulin or glucagon. (B)
Islet, (C) B and (D) a-cell masses in the CTL, HyO Sham and HyO DJB pancreases. Data are
means + SEM (n = 3-4). Different letters indicate significant difference (One-way ANOVA
followed by the Tukey post-test, P < 0.05).

Figure 6: (A) Representative images of pancreas sections stained for Ki67. (B) % of Ki67
positive nucleus in the CTL, HyO Sham and HyO DJB pancreases. Data are means £ SEM (n
= 3-4). Different letters indicate significant difference (One-way ANOVA followed by the
Tukey post-test, P < 0.05). The arrows represent the nucleus stained by Ki67.
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Table 1 - Obesity parameters in CTL, HyO Sham and HyO DJB rats.

CTL HyO Sham HyO DJB
BW (g) 409 +5.2° 286 +17.3° 278 + 14.9°
Naso-anal lenght (cm) 21.2+0.28 17.8+0.4° 18.3+0.4°
Lee index 350+ 3.1° 370 + 4.7° 366 + 5.2
Retroperitonial fat pad (% BW) 11+01° 1.8+0.1° 19+£0.1°
Periepididimal fat pad (% BW) 1.3+0.12 25+0.2° 2.3+0.2°
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Data are mean + SEM (n = 7-14). Different letters indicate significant difference. One-way

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



Table 2 — Serum lipids parameters and TG liver content in CTL, HyO Sham and HyO DJB

rats.

CTL HyO Sham HyO DJB
Triglycerides (mg/dL) 117 £ 5.52 247 +8.0° 142 + 122
Total CHOL (mg/dL) 106 = 3.6 107 £5.2 117+95
NEFA (mEg/L) 0.68 + 0.06° 1.14 +0.09° 0.87 +0.04°
TG liver content (ug/mg liver) 5.0 +0.42 10+0.8° 75+0.7°

Data are means + SEM (n = 6-10 rats). Different letters indicate significant difference. One-
way ANOVA followed by Tukey post-test (P < 0.05).
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Table 3: Morphometric analysis of the pancreas from CTL, HyO Sham and HyO DJB rats.

CTL HyO Sham HyO DJB
Pancreas weight (% BW) 1.2 +0.08? 0.8 £0.07° 1.3 +£0.072
Islets area (um?) 32384 +1 569* 22884 +887.3° 19979 + 1012°
B-cell area (um?) 22466 + 1068% 15082 + 570 13432 + 683°
a-cell area (um?) 6913 + 5322 5319 + 292° 4776 + 340°
Total islets area (% pancreas area) 0.9+0.07? 1.4 £0.02° 0.7 £0.05%
Total B-cell area (% pancreas area) 0.7 £0.07? 1.0 £ 0.08° 0.5+ 0.05%
Total a-cell area (% pancreas area) 0.3+0.07 0.4 £0.05 0.2+0.02
Islet number per section 159 + 29 252 £51 150 £ 11
Number of islets analyzed 635 1007 598
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Data are means £ SEM (n = 4). Different letters indicate significant difference One-way

ANOVA followed by Tukey post-test (P < 0.05).
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videos or contributions with specific topics may be longer (at the discretion of the
editors).

* Narration of the procedure is required; all narration should be in English.

* An Abstract of up to 500 words in Word or RTF must be provided along with the
video. It should contain the title; authors and affiliations; a conflict of interest
statement as described above, and a structured Abstract that includes an introduction
(including a description of the video and the run-time), materials and methods, results
and conclusions, and references.

« If applicable, provide references (as detailed above) at the end of the Abstract.

3b. MANUSCRIPT TYPES AND FORMATS

The manuscript types for submission include Review Articles, Brief Communications,
New Concepts, How | Do It, Original Contributions, Letters, and Video Submissions.
Each of these manuscript types requires a specific format. You may submit your
manuscript in either Format | or Format Il, as detailed below. Please type all
manuscript text (including references) doublespaced with one-inch wide margins.
Number the pages consecutively and organize the manuscript in the order indicated

below.
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I. Manuscript Format | (Full Articles)

* Original Contribution

* New Concept

* How | Do It

Format: The main body text in Original Contributions, New Concepts, and “How | Do
It” submissions, is limited to eight double-spaced, typewritten pages (2,400 words,
excluding references, figure legends and Abstract), and up to six figures/images. The
following format should be followed:

Title Page

Manuscript Text For Review

 Abstract - The Abstract in full manuscripts must not exceed 250 words, and should
consist of five (5) structured paragraphs: Introduction/Purpose,

Materials and Methods, Results, and Conclusion.

» Key Words

* Introduction/Purpose - Should convey the background and purpose of the

report.

* Materials and Methods, Results, and Discussion - Should follow the Introduction.
When required by the nature of the report, manuscripts that do not follow this specific
format may be accepted. Please include a statement in the Methods section
indicating approval (or exemption) by your Institutional Review Board for the conduct
of your research.

» Conflict of Interest Disclosure Statement — Is required to be included within the
manuscript text for each author, and should be located just before the list of
References.

» References (not included in word count).

» Tables (not included in word count), Figures (lllustrations) - Submitted separately
from the main text.

Official ICMJE Conflict of Interest forms - Must be completed and submitted from
each contributing author, and are not viewable to reviewers.

ii. Manuscript Format Il

* Review

* Brief Communication

* Letter Manuscripts submitted as Review Articles, Brief Communications, and

Letters to the Editor should be in accordance with the following conventions. Other
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invited submissions not mentioned here may also require certain formats, which

would be clarified upon invitation.

REVIEW ARTICLES

Format: The main body text in a Review Article is generally limited to ten
doublespaced, typewritten pages (3,000 words, excluding references, figure legends
and Abstract), and up to six figures/images. It should include a one-paragraph
Abstract, not to exceed 125 words. Review Articles are usually invited submissions
dealing with current topics. However, non-invited review articles may also be

considered and are subject to the same review process as original articles.

BRIEF COMMUNICATIONS

Format: The main body text in a Brief Communication is limited to six double-spaced,
typewritten pages (1,800 words, excluding references and figure legends), and up to
two figures/images. Aim to Ilimit the total number of references in Brief
Communications to a maximum of twenty (20). Brief

Communications are descriptions of focused studies with important, but very
straightforward results. An Abstract is optional; if included, it should

9 not exceed 150 words. The order of presentation is Background, Methods, Results

and Conclusion, followed by references, tables, and legends.

LETTERS TO THE EDITOR

Format: Letters to the Editor should be no more than four double-spaced, typewritten
pages (1,200 words), with up to three illustrations, and limited references. No
Abstract is required. Letters are unstructured communications, in letter format. The
editors reserve the right to accept, reject or excerpt letters without changing the views

expressed by the author.

iii. Manuscript Format Il
* Video Submissions
Manuscripts submitted as dedicated Video Submissions must be accompanied by a

textual Abstract document of up to 250 words, which briefly describes the video.
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3c. ADDITIONAL SUBMISSION DETAILS

i. Language Editing Services

If you would like your manuscript language edited by a scientific expert before
submission or upon revision, Springer recommends using Edanz Group. Edanz
provides scientific editing and related services that raise the quality of manuscripts to
the standard necessary for ease of peer review. As the only international editing
service centralized in China and Japan, Edanz understands the publication
challenges faced by scientists whose first language is not English. For more
information and a price guotation, please contact:

http://www.edanzediting.com/springer

ii. Special Characters

The Journal does not assume responsibility for errors in conversion of customized
software, newly released software, and special characters. Please indicate any
special characters used in the file (e.g., Greek, math symbols) by using a symbol

code (e.g., <ga> for Greek alpha), and defining these codes at the end of your paper.

lii. Abbreviations, Drug Names, Digits

Please use the standard abbreviations and units listed in Scientific Style and Format:
The CBE Manual for Authors, Editors, and Publishers, Sixth Edition (Reston, Va.,
Council of Biology Editors, 1994). The first time an uncommon abbreviation appears
in the text, it should be preceded by the full name for which it stands. Generic names
for drugs and chemicals should be used the first time the drug or chemical is
mentioned in the text and, preferably, thereafter. If an author wishes, the trade name
may be inserted in parentheses following the generic name the first time the generic
name appears, and the manufacturer name and city should also be included. Please
express digits as numerals except when they are the first word in a sentence, and
decimals should be written in North American format. Express units of measurement
in the metric system whenever possible, and abbreviate them when used with

numbers.

iv. Permissions
If you use text passages, illustrations, or tables from other works, you must in each

case obtain permission from the copyright holder for both the print and the online


http://www.edanzediting.com/springer
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format. A written statement must accompany materials that are taken from other
sources and included in the submitted manuscript. Please be informed that Springer
will not be able to refund any costs that may have occurred in order to receive these
permissions from other publishers. Please be aware that some publishers do not
grant electronic rights for free. In these cases we kindly ask you to use figures from
other sources. To access the Rights and Permissions Instructions, go to:
http://www.springer.com/rights?SGWID=0-122-12-372399-0

v. Statement of Human and Animal Rights

When reporting experiments on human subjects, authors should indicate whether the
procedures followed were in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2000. If doubt exists whether the research
was conducted in accordance with the Helsinki Declaration, the authors must explain
the rationale for their approach, and demonstrate that the institutional review body
explicitly approved the doubtful aspects of the study. When reporting experiments on
animals, authors should be asked to indicate whether the institutional and national

guide for the care and use of laboratory animals was followed.

vi. Statement of Informed Consent

Patients have a right to privacy that should not be infringed without informed consent.
Identifying information, including patients' names, initials, or hospital numbers, should
not be published in written descriptions, photographs, and pedigrees unless the
information is essential for scientific purposes and the patient (or parent or guardian)
gives written informed consent for publication. Informed consent for this purpose
requires that a patient who is identifiable be shown the manuscript to be published.
Authors should identify Individuals who provide writing assistance and disclose the
funding source for this assistance. Identifying details should be omitted if they are not
essential. Complete anonymity is difficult to achieve, however, and informed
consente should be obtained if there is any doubt. For example, masking the eye
region in photographs of patients is inadequate protection of anonymity. If identifying
characteristics are altered to protect anonymity, such as in genetic pedigrees,
authors should provide assurance that alterations do not distort scientific meaning

and editors should so note.
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vii. Other Required Forms

Copyright forms and color publication payment details are now handled online after
an accepted article is accepted for publication. When proofs are ready for viewing,
the author is contacted via e-mail by the typesetter, and sent a website address that
will provide the author with forms/orders/proofs procedures.

viii. Note regarding plagiarism and self-plagiarism:
Manuscripts are evaluated via iThenticate for signs of any potential plagiarism. For
information on the concept of self-plagiarism, visit the following online link:

www.ithenticate.com/self-plagiarism-free-white-paper/

4. MANUSCRIPT SUBMISSION

4a. SUBMISSION STEPS

I. Submission Checklist

Please view a copy of the SUBMISSION CHECKLIST here. We recommend that you
have all items listed in the checklist complete and ready for upload before starting

your online submission.

Ii. Review Your Submission

After uploading the files for your submission, the system will convert the files to PDF.
You will see the result of the conversion with the Acrobat plug-in in your browser.
Make sure to review the PDF of your submission before you confirm your
submission. Once you have reviewed your PDF document for completeness, click
“Submit” and all contributing authors will receive an emailed confirmation. After the
manuscript is submitted, the Editors will inspect the submission before assigning
reviewers. If any part of the manuscript is not complete, the manuscript will be
unsubmitted and returned to your Submission Center, with an e-mail notification sent
to the authors indicating the need for additional information and/or correction. Once a
complete manuscript is correctly submitted, the OBSU editors will assign reviewers to

your submission.

4b. KEEPING TRACK
After submission, you may monitor the progress of your submission through the

review process. Only the submitting author can view the submission. In order to view
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your submission details and current status, you must enter the same User Name and

Password that you originally used to submit your manuscript.

4c. EDITORIAL REVIEW AND ACTION

The editorial staff will examine submitted manuscripts for accuracy and
completeness, and will customarily send initial manuscript submissions to two or
three reviewers, depending on the manuscript type. We aim for quick reviewer
turnaround times, and rely on the promptness and thoroughness of our volunteer
reviewers and Editors. Authors will be notified as to the acceptability of a manuscript
as rapidly as possible. The decision categories are: Accept; Immediate Reject; Reject
(after review); Accept Pending Minor Revisions, and Reject but Encourage
Resubmission After Major Revisions. Suggestion for resubmission does not
guarantee acceptance upon resubmission. If the manuscript is accepted pending
minor revisions, or suggested for resubmission after major revisions, we emphasize
the importance of authors providing their revisions as promptly as possible, and
providing a point-by-point reply to all reviewer comments. The annotated version of
the revised manuscript should identify all changes and include each reviewer point in

parentheses, e.g., “(Reviewer 1, Comment 2).”

5. AFTER ACCEPTANCE
If your article is accepted, you will receive a link to the special Springer web page

with questions related to:

5a. AUTHOR PROOFS

After a submission is accepted and processed, the author will receive e-mailed
notification from the Production Office, and a proof of the article is made available to
the author. You should check the proof for typesetting errors, completeness, and
accuracy of the text, tables and figures. Substantial changes in content, e.g., new
results, corrected values, title and authorship, are not allowed without the approval of
the Editor. Any such changes would require a written request and written
approval/agreement from all contributing authors to the Editorial Office and to
Production for their consideration. The article will be published online after receipt of
the corrected proofs. Online publication is the official first publication of the article,

and citable with the DOI. After online publication, further changes can only be made
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in the form of an Erratum, which would be hyperlinked to the article. After release of

the printed version, the paper can also be cited by issue and page numbers.

5b. OPEN CHOICE

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer now provides an alternative publishing option: Springer Open
Choice. A Springer Open Choice article receives all the benefits of a regular
subscription-based article, but in addition is made available publicly through
Springer’s online platform SpringerLink. We regret that Springer Open Choice cannot
be ordered for published articles. Please go to: http://springer.com/openchoice or
click on the link below for more information.

OPEN CHOICE

5c. PUBLICATION OF COLOR FIGURES

Color figures may be used without charge for the electronic version of the journal that
is published online via SpringerLink. However, color figures will appear in the print
version of the Journal at the author's expense at $1,150 per article. You may provide

your choice at the Springer web page.

5d. OFFPRINTS/ REPRINTS

Can be ordered via the Springer web page.

6. SUPPORT AND ASSISTANCE

When entering your data during the submission process, support for special text
characters is available. If you have questions at any point during your submission
process, or you need assistance submitting your manuscript online, please contact
the OBSU Managing Editor:

ATTN: Deana Rodriguez

Managing Editor, OBSU Editorial Office

Phone: +001 (562) 961-9928

E-mail: obsu.rodriguez@gmail.com
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SUBMISSION CHECKLIST

Authors: Make sure that all of the items below are ready and available for Step 6,
“File Upload.”

TITLE PAGE REQUIRES:

Full Title

All Contributing Authors, Full Names/Degrees
All Author Email Addresses/Affiliations
"Correspond To" Information

Short Title for Running Head

Detailed Acknowledgments and Grant Information

MAIN MANUSCRIPT TEXT REQUIRES:

Text

Abstract (N/A for Letters to the Editor; optional for Brief Communications)
Required Ethical, COI, and Human/Animal Rights Statements
References in PubMed style

Tables (Optional)

Figure Legends (if providing figures)

FIGURES/IMAGES:

For vector graphics, the preferred format is EPS; for halftones, use TIFF
format. MS Office files are also acceptable

Figure width should be 39 mm, 84 mm, 129 mm or 174 mm, and no higher
than 234 mm

No identifying information about patients

Patient and/or publisher permissions, if needed

VIDEO/ELECTRONIC SUPPLEMENTARY MATERIAL:

Any Video or multimedia in either .MP4 or .MOV file format
Supplementary videos not to exceed 2 MB in size

Narration in English

REQUIRED OFFICIAL ICMJE CONFLICT OF INTEREST FORM(S):
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e One form completed by each author (ex: 5 authors = 5 forms)

REQUIRED FOR REVISIONS ONLY:
e One copy of clean, revised text, tables and figures

e One copy of annotated, revised text, tables and figures



