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RESUMO GERAL

Atualmente tem-se observado o aumento da obesidade feminina em todo o
mundo. Como consequéncia desses altos indices, o numero de mulheres em
idade férti que buscam as operagbes bariatricas tem aumentado
consideravelmente nos ultimos anos. No entanto, poucos estudos demonstram 0s
efeitos das operacdes bariatricas maternas sobre o metabolismo dos filhos. Neste
estudo, avaliamos os efeitos da derivacdo gastrica em Y de Roux (DGYR) em
ratas Wistar, alimentadas com dieta de cafeteria (CAF), sobre os parametros
corporais e homeostase glicémica na prole de macho adulto. Para isso, as ratas
Wistar receberam dieta de CAF durante 15 semanas para inducdo da obesidade.
Apés esse periodo, as ratas foram submetidas a falsa operacdo (FO) ou a
operacédo de DGYR, compondo 2 grupos: CAF FO (n=14) e CAF DGYR (n= 20).
Cinco semanas apdés os procedimentos operatorios, as ratas foram submetidas ao
cruzamento. A prole (F1) foi nomeada conforme o procedimento experimental
realizado nas méaes: CAF FO-F1 (n= 28) e CAF DGYR (n= 14) os quais
receberam dieta padrédo durante todo o procedimento experimental. O desmame
da prole foi realizado aos 30 dias de vida. O comprimento naso-anal (CNA), o
peso corporal, o consumo e a eficiéncia alimentar foram verificados
semanalmente durante todo o experimento. Uma semana antes da eutanasia, 0os
animais foram submetidos ao teste de tolerancia a glicose (GTT) e a insulina (ITT).
Com 120 dias de vida, os animais foram mortos e 0os parametros corporais, 0s
parametros séricos e a morfofisiologia do pancreas foram verificados. Apés a
DGYR, as ratas apresentaram reducdo no peso corporal, na tolerancia a glicose,
na resisténcia a insulina, e no peso das gorduras. Apesar destes beneficios
maternos, os descendentes de méaes submetidas a DGYR apresentaram reducao
do peso e do tamanho, bem como diminuicio no consumo alimentar em
comparacao aos descendentes de maes obesas. Apesar destes animais nao
apresentarem alteracdes na tolerancia a glicose e normoglicemia, a sensibilidade
a insulina foi maior. Além disso, a sinaliza¢do da insulina no masculo esquelético
foi reduzida. Os ratos descendentes de maes submetidas a DGYR demostraram
reducdo na insulinemia e na secrecdo de insulina, entretanto, a area e a massa
de células-f foi maior em comparacdo aos animais descendentes de maes
obesas. Diante disso, concluimos que a DGYR materna em ratas obesas altera
na prole os parametros corporais e leva a alterag6es morfofuncionais nas células-
B pancredticas.

Palavras-chave: Derivacdo géastrica em Y de Roux; secrecdo de insulina; efeitos
maternos.



GENERAL ABSTRACT

Glucose homeostasis of the offspring of obese rats submitted to bariatric
operation

There has been an increase in female obesity worldwide. As a consequence of
these high rates the number of women of child-bearing age who seek bariatric
operations has increased considerably in recent years. However, few studies
showed the effects of maternal bariatric operation in their offspring. Herein, we
evaluated the effects of maternal Roux-in-Y Bypass Gastric (RYBG) in Wistar rats
fed cafeteria diet (CAF) upon body features and glucose homeostasis in male
adult offspring. For this, rats Wistar received CAF diet for 15 weeks for obesity
induction. After this period, the rats were submitted to sham operation (CAF
Sham), group CAF sham (n=14) or RYGB operation, group CAF RYGB (n=20).
Five weeks after the procedure, the rats were submitted at matting period. The
offspring were named as operation your mothers: CAF Sham-F1 (n=28) and CAF
RYGB-F1 (n=14), and received standard diet. The weaning from offspring was
performed at 30 days of life. Nasoanal length, body weight, consumption and feed
efficiency were evaluated weekly throughout experiment. One week before
euthanasia, the animals were submitted to the glucose tolerance test and insulin.
At 120 days of life, body parameters, serum parameters and morphophysiology of
the pancreas were evaluated. After RYBG, female rats displayed reduction in body
weight, glucose tolerance and insulin, as well as, decreased fat deposits. Despite
of these maternal benefits, the offspring of dams receiving RYBG were smaller
and lighter and showed a reduction in food intake than offspring of obese dams
that underwent sham surgery. Although these animals presented normal glucose
tolerance and glycemia, the insulin sensitivity was higher. In addition, the insulin
signaling in liver and fat tissue in these offspring was normal but in skeletal muscle
was reduced. Also, the offspring of dams receiving RYBG presented reduction in
insulinemia and insulin secretion, but the area and mass of B-cell was higher
compared to offspring of obese dams that underwent sham surgery. Maternal
RYBG in obese rats alter in male offspring the body features and lead to
morphofunctional alterations in the B-cells.

Key words: Roux-in-Y Bypass Gastric; Insulin secretion; Maternal effects
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LISTA DE ABREVIATURAS

AC — Adenilato ciclase

ADP — Adenosina difosfato

AKT - Proteina quinase B
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INTRODUCAO GERAL

Nas ultimas décadas, a obesidade alcancou propor¢cdes alarmantes em
todo o0 mundo e passou a assumir carater epidémico. Dados da World Health
Organization (WHO) apontam que, em 2014, cerca de 39% dos adultos, maiores
de 18 anos, apresentavam sobrepeso e 13% da populacdo mundial era obesa,
sendo esta prevaléncia maior no sexo feminino (WHO, 2016 a). No Brasil, nesse
mesmo periodo, de acordo com o Instituto Brasileiro de Geografia e Estatistica
(IBGE 2013), a porcentagem de individuos com sobrepeso e obesidade estava
em torno de 56,9% e 20,8%, respectivamente.

A obesidade é caracterizada como 0 excesso de energia armazenada em
forma de gordura, desencadeada pelo desequilibrio entre a ingestdo de energia e
o0 gasto calodrico (WHO, 2016 a). A etiologia da obesidade € considerada
multifatorial (PIMENTA et al., 2015). Os fatores etioldgicos podem ser
classificados em dois grupos: os endogenos, envolvendo fatores genéticos,
enddocrinos, neuropsicolégicos e metabodlicos; e o0s exdgenos, 0s quais
compreendem fatores externos, bem como comportamentais, ambientais e a
ingestdo de alimentos caldricos (SANTOS, SCHERER, 2011; ARAUJO, 2012).
Mudancas no estilo de vida criaram uma abundancia de alimentos baratos de alto
teor caldrico que, conjuntamente com a reducao da atividade fisica, aceleraram a
pandemia da obesidade (LEDDY et al., 2008).

A obesidade vem sendo amplamente reconhecida como umas das
ameacas da atualidade mais desafiadoras para o0 setor de saude publico,
ocasionando em tratamentos continuos e onerosos, uma vez que o excesso de
peso esta diretamente relacionado com o aparecimento de diversas doencas
cronicas (FINUCATE et al.,, 2011). Estas doencas crbnicas sdo complicacdes
patolégicas denominadas comorbidades, das quais se destaca o diabetes mellitus
(DM) (GURA, 1997; ANARI, et al., 2016).

Dentre os casos de DM, o que mais se destaca na populacdo € o diabetes
mellitus tipo 2 (DM2). O DM2 é definido como um grupo de doencas metabdlicas
influenciadas por diversos fatores, caracterizadas pelo aumento da glicose
circulante na corrente sanguinea como consequéncia de defeitos na secrecao e

na acdo do horménio insulina, em resposta as necessidades do organismo



(ASHCROFT; RORSMAN, 2012; IDF, 2015 a). Estima-se que aproximadamente
90% dos casos de DM2 estejam relacionados com o sobrepeso e com a
obesidade (HOSSAIN; KAWAR; EL NAHAS, 2007). As chances de
desenvolvimento de DM2 aumentam 50% em individuos obesos que apresentam
indice de Massa Corporal (IMC) entre 33 e 35 kg/m?, (SILVEIRA, 2003).

Estudos tém demonstrado os efeitos da nutricdo e do estilo de vida dos
pais na saude dos filhos, bem como no risco futuro de desenvolvimento de
obesidade e doencas crénicas, como o0 DM2 (GODFREY; GLUCKMAN; HANSON,
2010; CALKINS; DEVASKAR, 2011; KOLETZKO; SYMONDS; OLSEN, 2011).
Essas implicagbes conduzem a “programacgao”, termo utilizado para definir os
insultos ou estimulos em um periodo critico de desenvolvimento, ocasionando em
alteracdes em longo prazo no decorrer da vida (EBERLE; AMENT, 2012; LUCAS,
1991). Dentre os vérios estagios criticos de desenvolvimento, encontra-se a
gravidez e a lactacdo (CERF, 2015). Desta forma, o fendmeno da origem fetal das
doencas evidenciadas na vida adulta esta relacionado ao insulto fetal ao qual o
individuo € exposto no ambiente intrauterino que resulta em modificacbes na
expresséo génica (DUNN; BALE, 2009; NG et al., 2010). As altera¢gOes derivadas
dessas condicdes sao denominadas modificacbes epigenéticas e séao
caracterizadas por interferirem no padréo de acetilagdo das histonas e metilagédo
do DNA, bem como na expressdo de microRNAs, o que resulta na propagacao da
alteracdo da atividade génica de uma geracao de células para a proxima (XU; DU,
2010). Assim, a obesidade materna durante a gestacao e lactacdo, associada as
suas comorbidades, tais como o DM2, pode alimentar um ciclo vicioso, em que a
proxima geracdo também estard exposta a condi¢bes nutricionais adversas,
podendo se manter na vida adulta e, consequentemente, propagar a obesidade e
suas comorbidades durante as gestacdes subsequentes, até mesmo para a
terceira geracdo, acelerando a pandemia da obesidade (CATALANO, 2013;
PATTI, 2013).

A perda de peso pode interromper o ciclo vicioso descrito acima, fazendo
com que a obesidade e suas comorbidades ndo se propaguem para geragcdes
futuras. Varias abordagens séo utilizadas no tratamento da obesidade com o
objetivo de reducdo do peso corporal, tais como acompanhamentos nutricionais,
pratica de atividade fisica e uso de medicamentos (SEGAL, FANDINO, 2002).



Entretanto, alguns pacientes ndo respondem a estas terapias, necessitando
muitas vezes de intervengdes cirurgicas.

A operacao bariatrica € considerada padréo ouro na garantia de perda de
peso sustentada, e passou a ser amplamente utilizada, a fim de garantir a
melhora da qualidade de vida dos individuos com obesidade moérbida
(SCHAURER et al., 2012). Dentre as diferentes intervengbes operatorias, a
operacdo de derivacdo géastrica em Y de Roux (DGYR) € atualmente a mais
utilizada. Este procedimento é classificado como uma técnica mista, com reducao
do volume géstrico e desvio intestinal, a fim de reduzir a ingestédo e a absorcao de
alimentos (ARAPIS et al., 2015). A operagédo de DGYR melhora a hiperglicemia, e
consequentemente reduz a incidéncia do DM2 em pacientes com obesidade
morbida, revertendo as alteracBes nas ceélulas-pf pancreaticas, melhorando a
tolerancia a glicose e a sensibilidade periférica a insulina (SCOTT; BATTERRHAN,
2011). Estas alteracdes na homeostase glicémica, tanto em humanos como em
animais, ocorrem antes mesmo da perda de peso (KLEIN et al., 2004,
SCHAURER et al., 2012; GOLDIFINE; PATTI, 2014).

Atualmente, a grande maioria dos pacientes submetidos as operacdes
bariatricas sdo mulheres, e, em torno de 50%, estdo em idade fértil (ILIAS, 2008).
Apbés a realizacdo destas técnicas cirurgicas, tem-se observado melhoras
significativas na fertilidade destas pacientes (MUSELLA et al., 2012; WILLIS;
SHEINER, 2013). Entretanto, existe uma série de recomendacdes de se evitar a
gestacdo nos primeiros 18 meses pos-operacao, pois nesse periodo ocorre uma
intensa perda de peso materna, podendo levar a desnutricdo devido a ma
absorcdo de nutrientes (ILIAS, 2008; ANDREASSEN, et al., 2012). Além disso,
poucos estudos tém demonstrado se a perda de peso e a melhora metabdlica
materna apos a operacao bariatrica pode influenciar de forma positiva ou negativa
0S parametros corporais e metabdlicos dos filhos (SMITH et al., 2009; GRAYSON
et al.,, 2013). Dessa forma, propomos o presente trabalho para responder ao
seguinte questionamento: serd que a operacao bariatrica pode interromper o ciclo
vicioso da obesidade, o qual é passado de geracdo em geracdo, e afetar a

homeostase glicémica da prole (F1) de mées submetidas a DGYR?



REVISAO GERAL DE LITERATURA

Obesidade

A pandemia da obesidade € um problema crescente das ultimas décadas,
tanto nos paises desenvolvidos quanto nos paises em desenvolvimento, sendo
que nos ultimos 40 anos, o numero de individuos acima do peso se expandiu
rapidamente (FLEGAL, et al.,2010; ARAPIS et al., 2015). Atualmente, uma das
ferramentas mais utilizadas para determinar o grau de obesidade € o IMC,
considerado um potente indicador do estado nutricional em adultos. O IMC é
obtido por meio do calculo do peso do individuo (Kg), dividido pelo quadrado de
sua altura (m). O resultado deste célculo permite verificar se o peso corporal do
individuo se encontra abaixo, dentro da faixa, ou acima do ideal. A classificacédo é
dada da seguinte maneira: IMC menor que 18,5 Kg/m?, baixo peso; IMC entre
18,5 e 24,9 Kg/m2, peso normal; IMC entre 25 e 30 Kg/m?, excesso de peso e,
IMC maior ou igual a 30 Kg/m?, obesidade (MS, 2011; WHO, 2016 a). Utilizando-
se desta ferramenta, a WHO confirmou em 2014 que aproximadamente 2 milhdes
de adultos acima de 18 anos estavam com sobrepeso. Entre eles, 600 milhGes
eram obesos, representando 13% da populacdo mundial (WHO, 2016 a). No
Brasil, cerca de 56,9% dos brasileiros estdo acima do peso. A obesidade afeta
20,8% da populacéo brasileira, sendo esta prevaléncia maior em mulheres do que
em homens (IBGE, 2013). Além disso, nota-se aumento na prevaléncia da
obesidade em mulheres com idade fértil (20 a 39 anos). Dados da National Health
and Nutrition Examination Survey (NHANES), demonstram que entre 2003-2004,
nos Estados Unidos, aproximadamente 29% das mulheres em idade fértil
apresentaram IMC < 30 kg/m2. No Brasil, a obesidade estava presente em 4%,
14% e 18% das mulheres nas faixas etarias de 18 a 24, 25 a 34, 35 a 44 anos,
respectivamente (BRASIL, 2014).

A obesidade € decorrente do disturbio na homeostase energética,
caracterizada pelo aumento do tecido adiposo branco e, consequentemente do
excesso de gordura corporal. O acumulo de gordura ocorre quando a ingestao de
calorias excede o0 gasto de energia corporal, resultando em sérios prejuizos a
saude do individuo (PATTI, 2013). Existem diversos fatores que podem predispor

o individuo ao aumento excessivo de massa corporal, tais como fatores genéticos,



metabdlicos, neuroenddcrinos, ambientais e psicossociais (WHO, 2000;
WELLMAN; FRIEDBERG, 2002).

Na grande maioria dos casos, a obesidade é consequéncia de mudancas
nos habitos alimentares em resposta as mudancas ambientais, comportamentais
e nutricionais, agravada pelo atual estilo de vida, bem como sedentarismo,
reducéo de atividade fisica e excesso na ingestéo de alimentos ricos em calorias,
associados a industrializacdo destes alimentos e ao processo acelerado de
modernizacdo (PATTI, 2013; KRZYSZTOSZEK et al., 2015). Além disso, vale
destacar que a obesidade também é influenciada por interesses sociais, das
relagbes de poder presentes na comunidade, na qual estes individuos estédo
inseridos.

Dessa forma, o obeso vive em paradoxo com o0 aumento na oferta de
alimentos caldricos em contradicdo com a exigéncia da magreza, imposta por
uma sociedade que dita padrbes de moda e beleza, extremamente consumista e
com fortes influéncias da midia. Esse rigido padrdo impede que pessoas obesas
inseriram-se nesta sociedade, o que as levam a apresentar caracteristicas como
baixa autoestima, depresséo, exclusdo, consumismo excessivo, dificuldade em
desempenhar suas fungbes no trabalho, entre outras. Estes fatores
desencadeiam uma série de questdes que podem abalar a vida dos sujeitos
obesos ou com sobrepeso, agravando sua saude fisica e mental (SANTOS;
SCHERER, 2011; ARAUJO, 2012; PIMENTA et al., 2015).

Neste contexto, as politicas publicas no Brasil devem garantir os direitos
sociais para o enfrentamento das consequéncias desencadeadas pela obesidade
e amenizar 0s processos de adoecimento. Devem também atuar como fonte de
fortalecimento, através da sua valorizagdo e reconhecimento, propiciando e
garantindo o bem-estar e a inclusdo na sociedade destes individuos, propondo
estratégias de prevencédo, tratamento e controle da obesidade (SANTOS;
SCHERER, 2011; SCHERER; SANTOS, 2011). Frente a complexidade do
problema, o mesmo deve ser tratado por agles interdisciplinares que
compreendam de forma integral os condicionantes desta doenca, permitindo a
obtencdo de resultados eficazes no tratamento da obesidade (SCHERER;

SANTOS, 2011; ARAUJO, 2012).
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Além dos problemas acima citados, a obesidade & um fator de risco para o
desenvolvimento de doengas crénicas ndo transmissiveis, tais como, hipertenséo
arterial sistémica, doencas cardiovasculares, esteatohepatite nao alcodlica,
dislipidemia, doencas respiratorias, osteoartrose, alguns tipos de cancer e DM2
(BRASIL, 2014; KRZYSZTOSZEK, et al., 2015; ROSIEK et al., 2015).

O aumento no numero de casos de DM2 relacionados com a obesidade em
todo o mundo tem se tornado preocupante nos ultimos anos (IDF, 2015 b). O DM
€ uma doenca crbnica, caracterizada por desordens metabdlicas causadas pela
deficiéncia na secrecdo e acédo da insulina, o que contribui para o0 aumento de
processos catabolicos, associados a reducao de processos anabolicos, como vias
da sintese dos substratos energéticos, carboidratos, lipideos e proteinas, sendo

caracterizados pela hiperglicemia cronica (WHO, 2016 b).

Secrecao e acao da insulina

O hormonio insulina é secretado pelo pancreas endocrino, o qual € uma
glandula mista, composta por duas regides: a regido exocrina, formada pelos
acinos, responsaveis pelas secrecdes digestivas e a regido endocrina, constituida
pelas ilhotas pancreaticas, responsaveis pela liberacdo de horménios. O pancreas
possui entre um a dois milhdes de ilhotas que se organizam ao redor de
pequenos capilares nos quais suas células secretam seus horménios. As ilhotas
apresentam trés principais grupos celulares: as células alfa (a); as células beta (B),
e as células delta (), responsaveis pela sintese e secreg¢édo do glucagon, insulina
e somatostatina, respectivamente (CABRERA et al., 2006).

A secrecdo de insulina é ajustada continuadamente, de acordo com as
flutuacbes das concentragbes de nutrientes circulantes, em especial, a glicose. A
secrecdo também é modulada, direta e indiretamente, por hormonios,
neurotransmissores e agentes farmacoldgicos. Esse controle multifatorial permite
que as células-B pancreéaticas secretem insulina em quantidade e tempos
adequados, regulando a concentracdo de nutrientes no sangue em diferentes
situacgdes fisioldgicas, como jejum, refeicdo, exercicio fisico, gravidez e lactacéo
(BOSCHERO, 1996).

A glicose é o regulador mais importante na secrecdo de insulina. Quando

transportada pelas células-8, através do transportador de glicose do tipo 2 (GLUT
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2) presente na membrana plasmética, a glicose é fosforilada a glicose-6-fosfato
pela enzima glicoquinase (GK), e, posteriormente, metabolizada gerando ATP. O
aumento da relacdo entre ATP/ADP resulta no fechamento de canais de K*
dependentes de ATP. A reducdo do efluxo de K' leva ao processo de
despolarizacdo da membrana, que, por sua vez, provoca abertura de canais de
Ca®" sensiveis & voltagem, resultando em influxo deste fon, aumentando sua
concentracdo intracelular (AHREN; SAUERBERG; THOMSEN, 1999; RUTTER,
2001; GODINE, et al., 2015). A metabolizacdo da glicose nas células-p também
pode ativar enzimas que vao gerar outros mensageiros intracelulares que auxiliam
na amplificacdo do sinal, iniciado por este aglUcar. Uma destas enzimas é a
adenilato ciclase (AC), que ao hidrolisar o ATP, gera adenosina monofosfato
ciclico (AMPc), a qual vai ativar a proteina quinase A (PKA) (GILON et al., 2002).
Além disso, a glicose pode ativar a enzima fosfolipase (PLC), resultando na
formacao de inositol-1,4,5 trifosfato (IP3) e diacilglicerol (DAG), que estimula a
liberac&o dos fons de Ca®* dos estoques intracelulares e ativa a proteina quinase
C (PKC), respectivamente. Todos estes eventos induzidos pela metabolizacédo da
glicose (aumento citoplasmatico de Ca?* e ativacdo de PKA e PKC) culminam
com a exocitose de granulos secretorios contendo insulina (PRENTKI,
MATSCHINSKY, 1987; AHREN; SAUERBERG; THOMSEN, 1999; RUTTER,
2001; NESHER et al., 2002).

De modo geral, a insulina, em altas concentracdes no periodo de absorcéo
alimentar, estimula processos anabdlicos de armazenamento de reservas
energeéticas, isto €, promove a sintese de glicogénio, lipideos e proteinas, agindo
principalmente nos musculos, no tecido adiposo e no figado. Além disso, a
insulina tem importante funcéo de inibir a maior parte dos processos catabdlicos
do organismo (SALTIEL, 2016).

A acdo da insulina inicia-se pela sua ligacdo ao receptor de insulina (IR),
gue faz parte da familia das tirosinas quinases. O IR é uma glicoproteina, formada
por duas subunidades a, inteiramente extracelulares que contém o sitio de ligagao
da insulina, e duas subunidades [, responsaveis pela transmissdo do sinal
intracelular e que apresenta atividade tirosina quinase. Estas subunidades sao
unidas por ligacbes dissulfeto (KAHN, 1985). Quando a insulina se liga a
subunidade a do IR, ha mudanga conformacional na subunidade B do IR que
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assume a atividade tirosina quinase e se autofosforila em tirosina, ativando e
fosforilando proteinas intracelulares, dentre eles, substratos do receptor de
insulina (IRS).

A maior parte dos efeitos fisiologicos da insulina ocorre através das
ligacgdes fosfatidilinositol 3-quinase (PI3K) aos residuos fosfotirosinas dos IRS,
estimulando a fosforilagdo dos fosfoinositideos, gerando PIP; (fosfatidilinositol
trifosfato), responsavel pela fosforilacdo e ativacdo da proteina quinase
dependente de fosfoinositideos-1 (PDK-1). A PI3K é encarregada de realizar a
ativacdo de varias quinases, entre elas a proteina quinase B (AKT/PKB) (CHANG;
CHIANG; SALTIEL, 2004).

A AKT € uma proteina serina/treonina quinase (ZECCHIN; CARVALHEIRA,;
SAAD, 2004; KLEMENT et al., 2012), que regula o crescimento, proliferacéo,
metabolismo, migracéo, ciclo, funcdes e capacidade de sobrevivéncia celular
(DATTA; BRUNET; GREENBERG, 1999; WOODGETT, 2001), bem como as
acOes metabdlicas da insulina, como transporte de glicose e sintese de glicogénio
(MARTYN; KANEKI; YASUHARA, 2008). A ativacdo da AKT depende de um
mecanismo regulatério de dupla acdo, a translocacdo da proteina para a
membrana plasmatica e subsequente fosforilagbes nos segmentos Thr308 e
Ser473 (ANDJELKOVIC et al., 1997; BELLACOSA et al., 1998). A AKT ostenta
um dominio de homologia plecstrina (PH), o qual interage com o PIP3, produto da
fosforilacdo da PI3K (ALTOMARE et al., 1998; SHAW; COHEN; ALESSI, 1998;
VIVANCO; SAWYERS, 2002). Essa interacdo com PIP3 possibilita a translocagéo
da AKT até a membrana plasmatica, onde é fosforilada no segmento Thr308 pela
PDK1 (proteina quinase de 3-fosfoinositideo-dependente 1), ja que é suficiente
para sua ativacdo.Porém, para sua maxima eficiéncia, o segmento Ser473 é
posteriormente fosforilado pela PDK2 ou mTOR (alvo da rapamicina em
mamiferos) (VANHAESEBROECK; ALESSI, 2000; SALTIEL, 2016).

A acdo da AKT sobre o transportador de glicose do tipo 4 (GLUT4) é
extremamente importante, pois estimula sua translocacéo até a membrana celular,
participando no transporte de glicose insulino-dependente no musculo e tecido
adiposo (ALESSI et al., 1997; ZECCHIN; CARVALHEIRA; SAAD, 2004). Outro
alvo da AKT é a glicogénio sintase quinase-3 (GSK-3), uma serina/treonina
guinase que, quando fosforilada, acaba por ser desativada e, por consequéncia,
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aumenta a sintese de glicogénio no figado (BOUSKILA et al., 2008; RAYASAM et
al., 2009).

Portanto, alteracdes ou defeitos na secrecdo e na acdo da insulina podem
levar a interrupcdo do transporte e utilizacdo da glicose em tecidos alvos,
proporcionando o acumulo da mesma na corrente sanguinea, caracterizando
hiperglicemia no individuo, levando ao posterior desenvolvimento do DM2 (SBD,
2014).

Diabetes mellitus tipo 2

O DM é uma patologia de multiplas etiologias, caracterizadas por um grupo de
disturbios metabdlicos, no qual a hiperglicemia cronica € considerada o fator
primério desencadeador das complica¢gbes da doenca (CHEN et al., 2015). O DM
tem alcancado propor¢cOes epidémicas em todo o mundo, sendo que sua
distribuicdo varia consideravelmente de acordo com a situagdo econémica do pais
(SHAW; SICREE; ZIMMET, 2010). Segundo dados da International Diabetes
Federation (IDF), 415 milhGes de pessoas no mundo sédo afetados pela doencga,
com estimativa de que em 2040 o numero de pessoas com DM chegue a atingir
642 milhdes no mundo (IDF, 2015 a). No Brasil, a Sociedade Brasileira de
Diabetes (SBD), constatou, em 2014, que o namero de diabéticos no pais chegou
a 13,4 milhdes de pessoas, posicionando o pais no quarto lugar no mundo em
namero de casos, ficando atras da China, india e Estados Unidos.

Dentre os tipos de DM, existem trés grupos principais: 1) Diabetes mellitus
tipo 1 (DM1), que € uma doenca autoimune, caracterizado pela destruicdo das
células-B e se manifesta usualmente na infancia, sendo responsavel por 5% a
10% de todos os casos de diabetes; 2) Diabetes mellitus tipo 2 (DM2), que é
responsavel por pelo menos 90% dos casos de DM. O principal fendmeno
fisiopatolégico € a RI associada a hiperglicemia, reduzindo a capacidade das
células captarem Gli, decorrente principalmente de um defeito na secrec¢éo e agéo
da insulina; 3) Diabetes mellitus gestacional (DMG), que é definida por qualquer
grau de intolerancia a glicose, caracterizada pela hiperglicemia observada pela
primeira vez na gestacéo (IDF, 2015 b; WHO, 2016 b).

O DM2 apresenta maior incidéncia entre os pacientes com DM, sendo que

na maioria dos casos ele esta intimamente ligado com a obesidade e o sobrepeso
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(HOSSAIN; KAWAR; EL NAHAS, 2007). Caso o IMC de um individuo obeso
esteja entre 33 e 35 kg/m?, as chances de desenvolvimento de DM2 aumentam
em 50% (SILVEIRA, 2003).

O desenvolvimento de DM2 e sua ligacdo com a obesidade podem ser
decorrentes ainda de outros fatores de risco, como falta de atividade fisica e
fatores nutricionais, denominados fatores de riscos modificaveis. Contudo,
existem também os fatores de risco ndo modificaveis, como fatores genéticos,
idade, problemas durante a gestacéo, etnia e historico familiar de DM (ALBERTI,
ZIMMET; SHAW, 2007; IDF, 2015 b). Da mesma forma, o DM2 ainda est&
relacionado a outras complicagfes, tendo como exemplo o aumento do risco de
doencas cardiovasculares (FAERCH; BERGMAN; PERREAULT, 2012), o
aumento das chances de acidente vascular encefalico (ALBERTI; ZIMMET;
SHAW, 2007) e nefropatia diabética (VALK; BRUIJN; BAJEMA, 2011).

Antes do aparecimento do DM2, existe uma fase denominada de pré-
diabetes (SUCUPIRA et al., 2000), na qual os pacientes apresentam intolerancia
a glicose (MAZZINI et al., 2013). A melhor maneira de identificar o pré-diabetes é
através da dosagem da glicemia. Sua identificacdo laboratorial ocorre quando a
taxa de glicemia de jejum (minimo de oito horas) encontra-se entre 100 e
126mg/dL, e/ou quando o valor de glicemia, na segunda hora do teste de
sobrecarga oral a glicose, esta entre 140 e 199 mg/dL (SBD, 2015).

A maioria dos pacientes, se ndo todos, apresentam inicialmente tolerancia
a glicose prejudicada, o que é caracterizada por uma fase intermédia na
progressao para o DM2 (POLONSKY; STURIS; BELL, 1996). Quando realizadas
alteracdes apropriadas no estilo de vida ou feitas as interven¢des farmacoldgicas,
esta progressdo para o DM2 pode ser atrasada ou, até mesmo, impedida
(TUOMILEHTO et al., 2001; KNOWLER et al., 2002).

As alteracdes na secrecao de insulina também podem ser decorrentes de
alteracdes na arquitetura normal das ilhotas pancreaticas, tais como, aumento da
massa, reducdo da proliferacdo celular, e até mesmo apoptose das células-f
pancreaticas (PICK et al., 1998; TOMITA, 2016). Para compensar a RI, o
pancreas de roedores, bem como o de seres humanos, possui a capacidade de
aumentar a massa de células-p e a secrecao de insulina. De fato, a massa de
células-B é dindmica e capaz de adaptar a condi¢fes fisiologicas e patoldgicas
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para manter a normoglicemia (MEZZA et al., 2014). A capacidade de proliferacao
das células-B em resposta a Rl é tida como fator critico para a homeostase
glicémica e para a prevencédo da progressao do DM2 (BLANDINO-ROSANO et al.,
2012).

Inicialmente, fatores como obesidade, aumento na ingestdo cal6rica e
reducdo da pratica de atividade fisica podem estimular o aumento da massa de
células-p. Esta fase € denominada de compensacao, a qual é caracterizada por
promover adaptacfes estruturais das células-B, tais como proliferacdo celular,
hiperplasia e hipertrofia, a fim de melhorar a fungéo e realizar a manutengao da
euglicemia nestes individuos (CERF, 2015). No entanto, o aumento substancial
na demanda por insulina pode causar reducao das células-p através de toxicidade
causada pela glicose e/ou por lipideos, pelo estado de inflamacédo crénica e
aumento no estresse oxidativo (ASHCROFT; RORSMAN, 2012; TOMITA, 2016).
Contrariamente a compensacao, esta fase € caracterizada pela descompensacao
das células-B3, onde ocorre a reversao das adaptacfes estruturais destas células,
com reducdo na massa de células-B, proliferacdo celular reduzida, hipoplasia,
hipotrofia e hiperglicemia. A fase de descompensacdo pode progredir para uma
fase de aceleracdo, com perda severa na massa das células- ao longo do tempo,
devido a reducdo cada vez mais acentuada destas células, associada com
aumento de fibrose e amiloidose (CHO et al., 2011; CERF, 2015; TOMITA, 2016).

O DM2 associado ao quadro de hiperglicemia cronica leva a exaustdo das
células-B. Esta etapa é caracterizada como o estado metabdlico critico que
antecede a disfuncdo das células-f levando a morte celular das mesmas (CERF,
2013).

Além de altera¢gBes na secrecao de insulina, o DM2 est4 associado a RI. O
estresse ambiental e fisiologico pode acarretar Rl através de diferentes cascatas
de sinalizacdo. Diversos estudos demonstram a diversidade de fatores
segregados pelo tecido adiposo que inibem a sinalizagcdo da insulina, tais como
fator de necrose tumoral (TNF-a), resistina, adiponectina, leptina e alguns tipos de
interleucinas (IL) (BOUCHER et al., 2014). Para tentar explicar a RI, é
fundamental a compreensao dos sinais de interface diversificada, juntamente com
a cascata de sinalizacdo da insulina. Seja pela ativacdo das cascatas de
sinalizacdo, por um trauma agudo, metabdlico crénico ou pela desregulacdo de
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substratos inflamatérios de proteinas no receptor de insulina, incluindo a
degradacéo intermediada por proteossomos, pela desregulacdo da sinalizacao
proteica de IRS ou alteracdes de IRS-2 nas células-p sao fatores que contribuem
para o desenvolvimento da RI (WHITE, 2004; STUMVOLL et al., 2005).

A obesidade esta diretamente relacionada ao mecanismo de Rl e ao
desenvolvimento do DM2, uma vez que a producdo excessiva de citocinas proé-
inflamatorias e alguns horménios, direta ou indiretamente induzem a RI no tecido
adiposo, musculo e figado (SHOELSON, et al., 2006). Na obesidade, quando
ocorre expansdo da massa adiposa, ocorrem processos inflamatérios, envolvidos
com a secrecao de TNF-a. Porém, além desta citocina, o tecido adiposo também
secreta leptina, IL-6, proteina gquimioatrativa de mondcitos-1 (MCP-1), visfatina,
proteina de ligacdo retinol-4, entre outros (SHUSTER, 2010). A adiponectina é
produzida de forma similar pelo tecido adiposo, porém sua expressao €
minimizada com o aumento da adiposidade. A leptina e adiponectina sao
adipocitoquinas produzidas exclusivamente pelos adipécitos. O TNF-a, IL-6 e
resistina sdo citocinas proé-inflamatérias as quais participam da inducdo e
manutencdo do estado inflamatério subagudo, relacionado com a obesidade. A
MCP-1 e outras quimiocitocinas recrutam macréfagos para o tecido adiposo.
Estas citocinas somadas com as quimiocitocinas ativam vias intracelulares
promovendo o desenvolvimento da RI, associada ao DM2 (SHOELSON, et al.,
2006).

A RI estd presente tanto no DM2 quanto no DMG, onde ambos
compartilham a mesma base fisiologica. O DMG pode ser potencializado pela
obesidade além de aumentar os riscos para o desenvolvimento futuro de DM2
(DOMINGUEZ-VIGO et al., 2016). Tem-se observado a relacdo do DMG e o
aparecimento de diversas patologias nos descendentes, entre elas destaca-se o
DM2 (SBD, 2015). Estimativas sugerem que aproximadamente 50% dos jovens
com DM2 podem ter desenvolvido a doencga gragas a exposi¢do de diabetes na
obesidade materna (DABELEA et al.,2008).

Programacéo metabdlica

Evidéncias indicam que a nutricdo e o metabolismo materno em diferentes

fases da vida podem afetar de forma estavel o fenétipo dos filhos, gerando um
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“imprint” ou “programacao” para o desenvolvimento de doencas (MCMILLEN;
ROBINSON, 2005; ALFARADHI et al., 2014). O termo “programacéo” define a
perturbacdo ou insulto em um periodo critico do desenvolvimento, causando
alteracdes permanentes ao longo da vida (EBERLE; AMENTE, 2012). Dentre
estes insultos, salienta-se o estresse materno, o tabagismo, a hipercolesterolemia,
a sindrome metabdlica, a hipertensdo, doencas cardiovasculares, a DM2, a
desnutricdo e a obesidade (GUENARD et al., 2013; CAROLAN-OLAH et al., 2015).
Os periodos criticos de desenvolvimento, onde pode ocorrer a programacao,
incluem varios estagios da vida, desde a pré-concepcao até a adolescéncia
(CERF, 2015).

As alteracdes causadas nestes periodos criticos por diferentes insultos
podem atuar de forma negativa no individuo, provavelmente ocasionando
crescimento poés-natal inadequado, armazenamento em excesso de energia e
composicdo corporal alterada, o que geralmente resulta em problemas na
estrutura e na funcdo de érgdos ou tecidos, tendo como resultado final, maior
suscetibilidade para o desenvolvimento de doencas na vida adulta (HEINDEL;
SAAL, 2009; LAKER et al., 2013).

Estas exposicbes aos insultos podem modificar a trajetéria do
desenvovimento da prole, por meio de mecanismos epigenéticos, 0s quais se
referem a alteracdes mitéticas hereditarias na expressao génica, sem alterar a
sequéncia do &cido disoxirribonucléico (DNA) (VAISERMAN, 2014), alterando
padrdes de transcricdo, caracterizados por interferir na acetilagdo das histonas e
metilagdo do DNA (PATTI, 2013; MARTINO et al.,, 2016). Estudos também
demonstram alteracdes na expressdo dos microRNAs (ONG; OZANNE, 2015;
SOSA-LARIOS; CERBON; MARIMOTO, 2015), considerados pequenas
moléculas de RNA nao codificantes, que podem modular a estabilidade e/ou a
eficiéncia da transducéo do sinal do RNA mensageiro (BARTEL, 2009).

Barker, em 1995, foi o primeiro pesquisador a propor que as doencas
evidenciadas na vida adulta teriam origem fetal, hip6tese denominada de “origem
desenvolvimentista da doenga”. De acordo com esta teoria, a subnutricdo materna
antes do nascimento ou 0 nascimento precoce podem levar o feto a sofrer
adaptacdes metabolicas e estruturais, redistribuindo energia e nutrientes para

garantir o desenvolvimento de 6rgdos criticos para a sobrevivéncia fetal, tais
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como cérebro e coracao, restringindo os nutrientes para 6rgdos menos criticos
para desenvolvimento imediato, tais como pancreas e rim. Assim, essa restricao
nutricional contribui para possiveis falhas nestes sistemas na vida adulta
(BARKER, 1995; HALES, BARKER, 2001).

Vérios estudos em modelos animais demonstram a importancia do estado
nutricional materno alterado durante a gestacdo e lactacdo. Tais alteragbes
podem levar os descententes ao aumento das alteracdes cardiovasculares, do
IMC, hipertensao, dislipidemia, aumento do risco de desenvolvimento de cancer
de mama e alteracdes na saude mental na prole (ROSEBOOM et al., 1999;
PAINTER, et al., 2006 a; PAINTER et al., 2006 b; LUMEY; STEIN, 2009; HUANG
et al., 2010). Além disso, alteracbes na homeostase glicémica também sao
observadas. Um estudo revelou que ovelhas idosas filhas de mées submetidas a
restricdo nutricional de 50% durante o periodo gestacional precoce, apresentam
alteracdes na secrecdo de insulina, aumento diario no consumo alimentar, € no
ganho de peso corporal, além de reducao da sensibilidade a insulina (GEORGE et
al., 2012). Outra pesquisa, no mesmo contexto, realizada com ratos idosos,
revelou elevadas concentracdes de glicose basal, indicando estado de Rl (PETRY
et al., 2001). Uma pesquisa realizada por Dumortier et al (2014) demonstrou, em
filhos de ratos expostos a um modelo de desnutricdo com baixa proteina durante
a gestacao, reducao no tamanho do pancreas e massa das células B-pancreaticas,
levando ao comprometimento da sua funcao.

Além da desnutricdo, a obesidade, antes e durante a gravidez, pode levar a
programacao cardiovascular e metabdlica da prole (OKEN; GILLLMAN, 2003;
FERNANDEZ-TWINN; OZANNE, 2006; SHANKAR et al., 2008; MARTINO et al.,
2016). A exposicao fetal ao aumento da oferta de nutrientes altamente caloricos
antes do nascimento pode contribuir para o aumento da prevaléncia do sobrepeso
e da obesidade na infancia e na fase adulta (ASHINO et al.,, 2012), além de
exacerbar os riscos para o desenvolvimento de comorbidades relacionadas a esta
sindrome, incluindo dislipidemia, hipertensdo (JUONALA et al.,, 2011),
esteatohepatite nao-alcodlica (GUPTA et al.,, 2011), estresse psicossocial
(PUDER; MUNSCH, 2010) e DM2 (SINHA et al., 2002; BONNY; VERMA, 2005).
Observou-se também que alteracdes na concentragdo de insulina e leptina

observada nas mées podem levar a modificagBes enddcrinas relacionadas com a
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sintese, secrecdo e acdo destes horménios, causando a obesidade na prole
(OKEN; GILLMAN, 2003; HAN et al., 2005; FERNANDEZ-TWINN; OZANNE,
2006). A obesidade materna também pode conduzir a modificacdes epigenéticas
nos genes relacionados com a via de sinalizacdo da insulina no musculo
esquelético, levando ao desenvolvimento da RI (LUlet al.,, 2013). Fémeas da
linhagem swiss, alimentadas com dieta rica em gordura (HFD) durante a gestacao
e lactacdo, levaram os animais machos da primeira geracdo o aumento do peso
corporal, concentracado de TNF-q, interleucinas e insulina plasmatica, predispondo
os animais a RI (ASHINO et al., 2012).

A supernutricdo materna estd relacionada com a funcdo das células-$
pancreaticas. Camundongos que receberam dieta HFD durante a prenhez
levaram a primeira geracdo a apresentarem intolerancia a Gli, disfuncdo das
células-B e redugdo da secregdo de insulina estimulada por diferentes
concentragbes de Gli (TOUHETIMULATI et al., 2012). O mesmo foi observado
nos descendentes de ratas prenhas da linhagem Wistar, que receberam dieta
HFD em diferentes etapas do periodo gestacional (CERF et al.,, 2005). A
obesidade materna em camundongos C57/BL induzida por dieta HFD provocou
aumento significativo no peso corporal e aumento do acumulo de triglicerideos no
pancreas da prole, podendo levar ao desenvolvimento da doenca pancreatica nao
alcoolica (OBEN et al., 2010).

Na grande maioria dos casos, a obesidade materna estd acompanhada
pelo DMG. Criangas nascidas de maes obesas ou com sobrepeso, que
apresentavam DMG demonstraram aumento da macrossomia e maior risco de
desenvolver obesidade na infancia e adolescéncia, e, consequentemente, o0 DM2
(GILLMAN et al., 2003; YOGEV; LANGER, 2008; GARCIA-DE LA TORRE,
RODRIGUEZ-VALDEZ, DELGADO-ROSAS, 2016). Em 2015, a IDF evidenciou
que aproximadamente 86.000 criancas até 15 anos apresentam DM1 e mais de
21 milhdes de recém-nascidos foram afetados pelo DM durante o periodo
gestacional.

Assim, a obesidade materna antes e durante a gravidez, associada as suas
comorbidades, tais como dislipidemias, DM2, inflamacéo do tecido adiposo, pode
alimentar um ciclo vicioso, em que a proxima geracdo também estara exposta a

condi¢cdes nutricionais adversas, podendo se manter na vida adulta e
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consequentemente propagar a obesidade e suas comorbidades durante as
gestacfes subsequentes até mesmo para a terceira geracdo, acelerando a
pandemia da obesidade (CATALANO, 2003, PATTI, 2013).

Modelo de obesidade
A crescente demanda para a compreensdao da eficacia das técnicas

operatérias tem levado ao aumento da procura por modelos animais
experimentais. Estes modelos ndo permitem a extrapolacdo direta para os seres
humanos, mas garantem a investigacdo de fatores impossiveis de serem
avaliados em individuos, beneficiando o avanco do conhecimento (ARAPIS et al.,
2015).

Dentre os diversos modelos para inducdo da obesidade, a dieta de
cafeteria (CAF) vem ganhando espaco na investigacdo da obesidade, pois se
assemelha com a dieta humana pela variedade de alimentos relacionados com a
pandemia mundial da obesidade na sociedade ocidental. Esta dieta é altamente
palatavel e se assemelha a ingestao de “fastfood”, na qual os animais tem acesso
livre aos alimentos e liquidos hipercaloricos (GOULART et al., 2012).

A dieta de CAF, em modelos de roedores, tem sido comprovada como
método eficaz para induzir a hiperfagia voluntaria persistente em resposta a
variedade de alimentos disponiveis, semelhante aos padrbes pouco saudaveis
observados em seres humanos. Isso resulta em um rapido ganho de peso e,
consequentemente, no desenvolvimento de sobrepeso e obesidade (CASTRO et
al., 2015). Além disso, esta dieta gera adipogénese, inflamacdo e aumenta a
concentragéo plasmatica de insulina e glicose devido aos efeitos cronicos do teor
elevado de gordura sobre o pancreas (JOHNSON et al., 2016).

Nesse sentido, pode-se verificar que a dieta de CAF é um modelo
representativo da sindrome metabdlica humana (SAMPEY et al.,, 2011). Ratos
idosos da linhagem Sprague-Dawley, apds consumirem dieta de CAF por quatro
meses, apresentaram aumento da adiposidade abdominal e visceral,
hiperinsulinemia, hipertrigliceridemia, tolerancia a Gli prejudicada e dislipidemia
(GOMEZ-SMITH et al., 2016). O mesmo foi observado por Balbo e colaboradores
(2016), onde o tratamento com a dieta de CAF por 24 semanas em ratos Wistar

provocou alteracfes metabdlicas e imitou o estado pré-diabético nestes animais.
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Além dos impactos sobre a salude metabdlica, a dieta de CAF afeta
negativamente a reproducdo feminina, com reducdo da espessura da camada
folicular e no numero de odcitos e foliculos pré-antrais (Sagae et al., 2012). Apoés
a oferta da dieta de CAF durante 60 dias, ratas Wistar apresentaram alteracdes
na funcdo ovariana, com ciclos de estros prolongados e redugéao da concentracao
de estradiol, perturbando o processo ovulatorio, levando ao retardo na prenhez
destes animais (BAZZANO et al., 2015).

A exposicdo a dieta de CAF durante a gestacdo e lactacdo podem
acarretar efeitos cumulativos nos descendentes na idade adulta. As ratas foram
alimentadas com dieta padrdo ou dieta de CAF até o desmame da prole. Os
filhotes machos apresentaram aumento do peso corporal, e acumulo de gordura
visceral e retroperitoneal, apenas quando associado com a ingestdo da dieta CAF
pelos filhotes na vida adulta independente da dieta materna. Este estudo sugere
que a ingestdo de alimentos caléricos durante o periodo gestacional, associada
com a oferta da dieta de CAF aos descendentes, é possivel que esta exposicao
leve a consequéncias em longo prazo para as futuras geracdées (MUCELLINI et al.,
2014).

A exposicdo a dieta de CAF durante a gestacdo e lactacdo podem
acarretar efeitos cumulativos nos descendentes na idade adulta. Filhotes machos
de ratas alimentadas com dieta de CAF durante o periodo de prenhez e lactacao
apresentaram aumento do peso corporal, acumulo de gordura visceral e
retroperitoneal, apenas quando associado com a ingestdo da dieta CAF pelos
filhotes na vida adulta. Este estudo sugere que a ingestdao materna de alimentos
caloricos, associada a ingestdo desta mesma dieta pelos descendentes pode
intensificar os efeitos subjacentes que culminam com o desenvolvimento de
doencas na vida adulta (MUCELLINI et al., 2014).

Operagdao bariatrica

Existem diversas medidas terapéuticas que buscam a perda de peso e a
otimizacdo de parametros metabolicos, tais como, pratica de exercicio fisico,
acompanhamento nutricional e algumas vezes o uso de medicamentos, porém
alguns pacientes ndo respondem a estas terapias (LINDEKILDE et al., 2015).

Dados substanciais sugerem que a operagcado bariatrica pode ser o tratamento
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mais eficaz para a resolucdo da obesidade moérbida (IMC<35 kg/m?) (SINGH et al.,
2015).

As intervencBes operatérias se diferem pelos seus mecanismos de
funcionamento e sdo classificados em trés modalidades distintas: restritivos,
disabsortivos e mistos. Os restritivos consistem na reducéo do estbmago, com a
formacao de um tubo géstrico, que leva a reducédo da quantidade de ingestao dos
alimentos. Entre estes procedimentos destaca-se a gastrectomia vertical (GV).
Nos procedimentos disabsortivos, sdo realizadas alteracbes no trato
gastrointestinal, os quais reduzem a capacidade de absor¢cdo dos nutrientes no
intestino, e o0 procedimento cirdrgico que se destaca € a derivacao
biliopancreatica (DBP). Nos procedimentos mistos ocorre uma associacado das
duas técnicas anteriores, com certo grau de restricdo e pequeno desvio do
intestino, provocando reducéo na ingestéo e absorcdo dos nutrientes. A operagao
bariatrica mista mais utilizada é a DGYR (LINDEKILDE et al., 2015; SINGH et al.,
2015; SBCMB 2016).

A DGYR é a intervencao operatoria mais utilizada atualmente para perda de
peso. E uma técnica que provoca reducdo do volume gastrico, com formacéo de
uma bolsa géstrica, associada ao desvio de uma porc¢ao do intestino (ARAPIS et
al., 2015). A operacéao bariatrica, associada a perda de peso sustentada, conduz a
uma melhora rapida e significativa das comorbidades relacionadas com a
obesidade (HUGHES, 2014). Dentre os diversos efeitos, a operacdo de DGYR
melhora a hiperglicemia, e consequentemente reduz a incidéncia do DM2 em
pacientes com obesidade morbida, revertendo alteracbes nas células-
pancreaticas, melhorando a tolerancia a glicose e a sensibilidade periférica a
insulina (SCOTT; BATTERRHAN, 2011). Estudos demonstram que a melhora na
homeostase glicémica, tanto em humanos quanto em animais, ocorrem antes da
perda de peso (KLEIN et al., 2004; SCHAURER et al., 2012; GOLDIFINE; PATTI,
2014).

Existem algumas hipoteses para explicar a melhora na homeostase
glicémica apds as operagodes bariatricas. A “foregut hypothesis”, propde que, apos
a exclusdo do transito alimentar pelo intestino proximal, fatores anti-incretinas
desconhecidos, os quais se opdem aos efeitos das incretinas secretadas pelo
duodeno, jejuno e ileo, entre eles o peptideo semelhante ao glucagon (GLP-1), o



23

peptideo inibidor géastrico (GIP) e fator semelhante a insulina (IGF-1), como a
estimulacdo de secrecao de insulina e efeitos anti-apoptoéticos sobre as células-
pancreaticas, teriam sua producdo diminuida, auxiliando na homeostase da
glicemia (RUBINO; GAGNER, 2002; RUBINO et al., 2006; DIXON et al., 2012).
Outra hipétese, amplamente difundida, a “hindgut hypothesis”, sugere que a
exclusdo do segmento intestinal proximal faz com que haja menor absorcao de
nutrientes dos alimentos ingeridos, aumentando dessa forma a secrecédo de GLP-
1 e peptideo YY (PYY), resultando em melhora da homeostase da glicose (WANG
et al., 2008; THALER; CUMMINGS, 2009). Como resultado de suas pesquisas,
Rubino e colaboradores (2006) evidenciaram melhora substancial na homeostase
glicémica entre uma semana e nove meses apds a técnica operatdria em que a
segunda hipoétese é baseada.

Poucos estudos tém demonstrando se a perda de peso e a melhora
metabdlica apdés a operacdo bariatrica pode evitar os efeitos prejudiciais da
obesidade sobre os parametros metabolicos dos filhos. Guénard et al. (2013),
demonstrou superexpressao e metilacdo génica diferencial em cinco vias imunes
e inflamatérias em criancas nascidas apés a operacao bariatrica de DPB em
relacdo aos irmaos nascidos antes da intervencao operatéria, apontando melhora
nos marcadores cardiometabdlicos. Além disso, criancas descendentes de maes
submetidas a DBP, apresentaram reducdo na prevaléncia de obesidade na
adolescéncia, aumento da sensibilidade a insulina e melhora no perfil lipidico
(SMITH et al., 2009).

Apb6s os procedimentos bariatricos, tem-se observado reducdo na
incidéncia do diabetes gestacional e hipertensdo arterial durante a gestacao,
resultando em efeitos benéficos para a mae e o feto (PINHEIRO; BASTOS,;
ARAUJO, 2014). Mulheres submetidas a operacdo de DGYR e a DBP
apresentaram reducéo no indice da DMG e pré-eclampsia, verificando-se melhora
geral nos efeitos relacionados com a gravidez, quando comparado com pacientes
obesas gestantes. Estes estudos também demonstraram menor ganho de peso
relacionado com a gravidez e reducdo de macrossomia nos filhos (SMITH et al.,
2009; LESKO; PAECEMAN, 2012). Dados apontam que, ap0s a operacdo DBP
nas maes, ocorre reducdo de aproximadamente 52% na prevaléncia da
obesidade na prole (KRAL, et al., 2006).
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Sabe-se que aproximadamente 50% das mulheres submetidas as
operacdes bariatricas se encontram em idade reprodutiva. Dessa forma, para que
a gravidez se desenvolva com condicfes favoraveis para a mée e o feto, é de
extrema importancia que estas mulheres realizem o acompanhamento minucioso
por uma equipe multidisciplinar, especializada em avaliar o estado nutricional,
visto que apds as operacdes podem ocorrer diversas deficiéncias de nutrientes
devido as alteracOes fisioldgicas associadas com as alteracdes patoldgicas que
ocorrem apdés a operacdo bariatrica, envolvendo mudancas na absorcdo e
metabolismo de nutrientes essenciais para o organismo (ANDREASSEN, et al.,
2012; JANS et al., 2015). Em procedimentos mistos, como a operagédo de DGYR,
onde a ingestdo de alimentos € reduzida, as deficiéncias nutricionais mais
relatadas frequentemente sdo o déficit de proteinas, calcio, ferro, tiamina,
vitamina D, vitamina B12 e acido folico. A auséncia destes nutrientes pode
ocasionar complicagcbes fetais, como nascimento prematuro, baixo peso ao
nascer, retardamento mental, raquitismo, hipocalcemia e até mesmo defeitos no
tubo neural (BERNERT et al., 2007).

Grayson e colaboradores (2013) demonstraram em seu estudo que cinco
meses apdés o procedimento de GV, as ratas apresentaram diversos efeitos
benéficos, porém os descendentes demostraram alteracdes, como reducdo do
comprimento e do peso corporal, aumento na probabilidade de desenvolver
intolerdncia a glicose e aumento da adiposidade. Este estudo sugere que a
gravidez antes do periodo recomendado apds os procedimentos operatorios
podem apresentar impactos negativos sobre a saude dos descendentes. E
demonstra ainda que a exposi¢ao a dietas altamente caloricas e a perda de peso
materna apos a operagdo bariatrica pode ndo ser suficiente para reverter os

efeitos deletérios da obesidade e suas comorbidades nas futuras geracoes.
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ABSTRACT

Background: Herein, we evaluated the effects of maternal Roux-in-Y Bypass Gastric
(RYBG) in Wistar rats fed cafeteria diet upon body features and glucose homeostasis in
male adult offspring.

Methods: Female rats rendered obese on a cafeteria diet were undergone to RYBG or
sham operation and were bred 5 weeks after the procedure. One week after weaning of the
offspring the mothers were euthanized and the corporal and serum parameters were
evaluated. The offspring received standard diet and with 120 days-old, body parameters,
glucose and insulin tolerance, serum parameters and pancreas morphofunction of the
pancreas were verified in male offspring.

Results: After RYBG, female rats displayed reduction in body weight, glucose tolerance
and insulin, as well as, decreased fat deposits. Despite of these maternal benefits, the
offspring of dams receiving RYBG were smaller and lighter and showed a reduction in
food intake than offspring of obese dams that underwent sham surgery. Although these
animals presented normal glucose tolerance and glycemia, the insulin sensitivity was
higher. In addition, the insulin signaling in liver and fat tissue in these offspring was
normal but in skeletal muscle was reduced. Also, the offspring of dams receiving RYBG
presented reduction in insulinemia and insulin secretion, but the area and mass of p-cell
was higher compared to offspring of obese dams that underwent sham surgery.
Conclusion: Maternal RYBG in obese rats alters body features and lead to

morphofunctional alterations in the -cells in male offspring.

Key words: Roux-in-Y Bypass Gastric; Insulin secretion; Maternal effects.
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1. INTRODUCTION

Currently it has been observed an increased of obesity in women of reproductive age
(14). Evidence suggests that overweight negatively affects reproductive functions in
women and in different animal models of experimental obesity (36, 30, 47). Also, studies
demonstrate that fetal exposure to maternal obesity increases the prevalence of obesity and
comorbidities, such as diabetes mellitus type 2 (DM2), in childhood and adulthood (42, 35,
19, 6). In this way, maternal obesity can generate a vicious cycle in which the next
generation will also be exposed to adverse nutritional conditions able to remain in adult life
and, consequently, propagating the obesity and its comorbidities to future generations (7).

The weight loss leads to metabolic improvement which can interrupt the vicious cycle
described above (31). The bariatric operation is considerate the gold standard in sustained
weight loss in patients with morbid obesity (39). Among the different bariatric procedure,
Roux-en-Y gastric bypass operation (RYGB), a mixed technique, is currently the most
used (20). Fifty per cent of patients who perform the bariatric operation are women, and
most are of childbearing age (16, 1). In addition to improving all metabolic aspects
associated with obesity (2), the bariatric operations also improve female fertility (49, 32).
However, few studies investigate the effects of weight loss and metabolic improvement
after maternal bariatric interventions on the offspring, and these studies are controversial (1,
13, 17).

In the present study, using obese Wistar rats by the cafeteria diet (CAF), we
investigated the effects of maternal RYGB upon body parameters, glucose and insulin
tolerance, insulin signaling and the morphophysiology of pancreatic islets in adult male

offspring.
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2. MATERIALS AND METHODS

All experiments were approved by the Univerity’s Committee on Ethics in Animal
Experimentation (CEEAAP / UNIOESTE), and all applicable institutional and/or national

guidelines for care and the use of animals were followed.

2.1 Experimental groups of mothers

At 21 days of life, 34 female Wistar rats received CAF diet and soft drink ad
libitum for obesity induction. The CAF diet was adapted from Goulart et al., 2012 (12).
Three different menus were set up with diet components, offered on alternate days. At 15
weeks after the start the administration of CAF diet, females rats were divided into two
groups: Cafeteria Diet submitted to Roux-en-Y Gastric Bypass operation (CAF RYGB,
n=20) and Cafeteria Diet submitted to sham operation (CAF Sham, n=14). The animals
were maintained on a 12-h light/dark cycle (lights on 06:00-18:00 h) and controlled

temperature (22 £ 2°C).

2.2 Roux-en-Y Gastric Bypass operation and sham operation

One week before operation, females rats received liquid CAF diet and soft drink ad
libitum. After 12 to 16 h fasting, the animals were anesthetized with 1% isoflurane
(Isoforine®, Cristalia, SP, BRA) with nasotracheal intubation, under oxygen at 1 L/min
and spontaneous ventilation. They received single dose of antibiotic prophylaxis with
ceftriaxone (Medley, Germany) 50 mg/kg intramuscular and analgesia with sodium
dipyrone (Medley, Germany) at the dose of 50 mg/kg subcutaneously immediately after
the procedure.

For RYGB, the stomach was isolated outside the abdominal cavity and the organ

was divided forming a gastric pouch of approximately 5% of the total organ volume and a
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large distal portion, physically separated from de pouch remained connected to the
duodenum. Then, the jejunum was interrupted 10 cm after the ligament of Treitz. The
distal limb was connected to the stomach (gastric pouch), and the proximal limb jejunum
was connected with jejunum. At the end of the procedure we have three limb: 1) the
biliopancreatic limb of approximately 10 cm from the ligament of Treitz; 2) the alimentary
limb, between the gastrojejunostomy and the jejunojejunostomy, with approximately 15
cm, and 3) the common limb, between the jejunojejunostomy and the ileocecal valve.
Then, the abdomen was sutured. For sham operation, the females rats were submitted to
exploratory laparotomy, and carefully, massages were performed only on the intestinal
limb, and the region was kept intact. The abdomen was sutured.

Following surgery, rats were given care for 3 days consisting of once daily
subcutaneous injections of 20 mL of saline for hydration and analgesia with sodium
dipyrone (50mg/Kg) (Medley, Germany). On the first day of postoperative care, the
animals received only water ad libitum. Subsequently, the females rats received liquid
CAF diet and soft drink. At11 days after operations, the rats returned their solid CAF diet.

Only three animals died after RYGB operation.

2.3 Mating period

At five weeks after bariatric operation, the females rats were placed in cages with
sexually active adult male rats (two females for one male) during three weeks, only in the
night period. The next morning, the pregnancy was confirmed by the identification of
spermatozoa in vaginal smears, and the females returned to their home cage for the

remainder of gestation.

2.4 Offspring
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The offspring were obtained from seven litters CAF Sham and from five litters
CAF RYGB. The birth was considered the zero day postnatal and the weaning at thirty
days of life. One week after weaning offspring, the mothers were euthanized. The offspring
was designated as the operative procedure of mothers with CAF Sham-F1 (n= 28) and
CAF RYGB-F1 (n= 14). Only the males were separated for the experiments. The rats

received only standard diet, from weaning to euthanasia, performed at 120 days-old.

2.5 Body weight (BW) and food intake

After weaning, the rats were measured and weighed once a week during the whole
experimental period (from 30 to 120 days of life). The food consumption was evaluated
weekly, calculated by the formula: ration offered - remaining ration / number of animals in
the box. The food efficiency was calculated by the food consumption divided by the

weight gain.

2.6 Intraperitoneal glucose tolerance test (ipGTT)

The ipGTT was performed on mothers one month after operative procedures and in
the offspring one week before euthanasia. The animals were deprived of food for 8 hours
and blood sample was taken from the tip to obtain fasting glucose (time 0) using a
handheld glucometer (G-Tech Free®, SD Biosensor, Coreia). Subsequently, the animals
received an ip injection of 2 g/kg BW glucose and additional blood samples were recorded

at 15, 30, 60, 120 and 180 min.

2.7 Intraperitoneal insulin tolerance test (ipTT) and glucose constant disappearance

(KITT)
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Five days before euthanasia, male offspring were submitted to ITT. Male rats were
fasted for 8 hours and an intraperitoneal insulin load (1 U/kg) was administered. Blood was
taken immediately before insulin injection (t= 0 min) and at the times 3, 9, 12, and 15 min
via tail snip using a handheld glucometer (G-Tech Free®, SD Biosensor, Coreia). The Kt
was calculate as 0.693/t1/2, t1 being the glycemia value at time 9 minutes after insulin

application.

2.8 Obesity parameters and biochemical parameters

Before the euthanasia, mothers and their offspring remained 8 hours fast. The tail
blood was taken for glucose measurement using a glucose analyzer (G-Tech Free®, SD
Biosensor, Coreia). Quickly, the BW and nasoanal length were measured to calculate the
Lee index {[ratio of BW (g) / nasoanal length (cm)] x 1000}, which was used as a
predictor of obesity in rodents. Then, the animals were desensitized with carbon dioxide in
CO, camera (Insight®, Ribeirao Preto, SP, BRA) and were euthanized by decapitation.
The blood was collected and serum was obtained for determination of insulin by
immunoenzymatic assay (Sigma- AldrichChemicals, St Louis, MO, USA). The total
proteins and albumin levels were analyzed using VITROS® Microslides technology. The
retroperitoneal and perigonadal fat pads were removed and weighed to evaluate the fat

accumulation.

2.9 HOMA-IR
The sensitivity to insulin in mothers was assessed using the homeostasis model
assessment (HOMA\) index of insulin resistance, calculate by: (HOMA-IR) = fasting

insulin (LU/mL) x fasting glucose (mM) / 22.5 (25).
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2.10 Insulin Signaling and western blotting

Five rats from each group of different litters were used for this procedure. After 12
h of fasted the animals were anesthetized with a mixture of xylazine and ketamine (9 and
90 mg/Kkg, ip, respectively, Vetbrands, Paulinia, SP, BRA). A laparotomy was performed
and a fragment of the gastrocnemius muscle, liver and retroperitoneal fat were collected.
Then, 1 U/Kg insulin was administered into the portal vein and 30 s after the insulin
administration, the other fragment liver were collected and 1 min and 30 s after, a fragment
of retroperitoneal fat pad and gastrocnemius muscle were collected. . The samples were
immediately stored in a deep freezer. For protein extraction, the samples were
homogenized in urea buffer and the insoluble material was removed by centrifugation for
30 min at 12000 g at 4°C. Protein concentration was measured using the Bradford (Bio-
Agency Lab., Sdo Paulo, BRA), using BSA for the standard curve.

The proteins were separated by electrophoresis after heating at 95°C for 5 min (80
Hg protein/ 8.5% gels). Subsequently, samples were transferred to a nitrocellulose
membrane and incubated with primary antibody for e AKT,3 and
phospho(p)-AK T3> (1:1000; cat: 7985R, Santa Cruz Biotechnology, USA) proteins. .
a-Tubulin was used as an internal control (Sigma-Aldrich T5168). Specific bands were
visualized by incubating the membranes with secondary antibodies (1:10.000; Cell
Signaling Technology, Boston, MA, USA), followed by the incubation with
chemiluminescent reagents. The image was captured with the ImageQuant LAS 4000 Mini
imaging system (GE® HealthcareBio-Sciences, Uppsala, Sweden). The intensity of the
bands was quantified by densitometry using Image J® software (National Institute of

Mental Health, USA).
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2.11 Islet isolation and insulin secretion

Islets were isolated from fasted male rats by collagenase (Sigma-Aldrich,
Chemicals, USA) digestion of the exocrine pancreas and then selected with a micropipette
under a microscope to exclude any contaminating tissues. For static incubations, groups of
four islets were pre-incubated for 30 min at 37°C in solution Krebs-bicarbonate (KRB)
(NaCl 120 mM; KCI 5 mM; NaHCO3 25 mM; CaCl, 2,56 mM; MgCl, 1,13 mM)
supplemented with 5.6 mM glucose, 3 g of bovine serum albumin (BSA) and equilibrated
with 95% O,, 5% COg, pH 7.4. This medium was then replaced with fresh KRB, and the
islets were incubated for 1 h with 5.6, 8.3, 11.1, 16.7, 22 or 27 mM glucose. At the end of
the incubation period, the supernatants were collected and maintained at -20°C for

posterior insulin measurement by radioimmunoassay (RIA).

2.12 Pancreas morphometry and immunochemistry to insulin and glucagon

The pancreases of 6 animals per group were removed, weighed and fixed for 24h in
buffered paraformaldehyde and embedding in paraplast® (Sigma Aldrich, SP, BRA). From
each pancreas, five consecutive 5-um serial sections were selected; a space of 20-um in
thickness was then retained, after five more consecutive sections were obtained. Three
sections were randomly selected for insulin, one section for glucagon immunoperoxidase
reaction (5, 23) and one section for insulin and Ki67. The islets, B-cell and a-cells areas,
were calculated by the sum of the islets, B-cells and a-cells areas from 6 animals per group.
The islets, B-cell and a-cell mass were calculated by multiplying the pancreas weight by

percentage of the total islets, B-cell and a cell areas, respectively (23).

2.13 Immunofluorescence for insulin and Ki67
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One section of each pancreas from one animal per litter was used for
immunofluorescence technique. The pancreases were placed in water bath at 80°C for 30
min with TRIS/EDTA, solution (10mM Trizma base, 1mM EDTA and 0.05% Tween 20),
pH 9.0 for antigen retrieval. Then, the sections were treated with H,O, and 3% BSA in
TBS (0.05 M) for 1 h to quench endogenous peroxidase activity and prevent to nonspecific
absorption. Afterwards, the sections were incubated with anti-Ki67 (Spring Bioscience,
Canada, USA) antibody at 4°C overnight. Subsequently, were incubated with anti-rabbit
conjugated with FICT-fluorophore (FITC-7512, Sigma-Aldrich, AldrichChemicals, St
Louis, MO, USA) for 2 h. At the end of this period, the sections were washed with TBS
and incubated anti-insulin (ca 93013, Dako, North America, Inc., USA) antibody for 1 h 30
min and incubated with anti-guinea pig (TRICT-715M, Sigma-Aldrich, AldrichChemicals,
St Louis, MO, USA) for 2 h. The sections were washed with TBS + 4'.6-diamidino-2-
phenylindole (DAPI) and mounted in vectashield. All images were captured with inverted
microscope (Leica DMI 6000, Germany). The Ki67 positive cells were measured using
Image Pro-Plus software 6.0 (MD 20850, Media Cybernetics, Inc. USA), and the results

were expressed as percentage of total positive cells.

2.14 Statistical analyses

Results are reported as means £ SEM. Statistical differences between mean values
were analyzed using Student’s t-test and Shapiro-Wilk analyze normality (P < 0.05). The
statistical analyzes were performed using the Graph Pad Prism® version 6.0 to windows

(GraphPad Software®©).
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3. RESULTS

3.1 Maternal glucose homeostasis before pregnancy

At four weeks after the operative procedures, the CAF Sham and CAF RYGB
female rats were submitted to ipGTT. Fifteen minutes after glucose administration, the
glycemia reached maximum values in the two groups studied (Fig. 1A). The RYGB
bariatric intervention reduce glucose tolerance, since total glycemia at all time points (15,
30, 60, 120 and 180 min, P < 0.0001, P < 0.0001, P < 0.05; P < 0.01 and P < 0.01,
respectively; Fig. 1A) was lower in relation to CAF Sham rats. Reinforcing this result, we
observed that the area under the curve (AUC) of ipGTT was 25% lower in CAF RYGB
animals than CAF Sham rats (P <0.001; Fig. 1B). The BW of the CAF RYGB rats
observed in this same period was 16% lower in comparison to the CAF Sham rats 317 +

10; 267 + 3, CAF Sham-F1 e CAF RYGB-F1, respectively; P <0.01).

3.2 Mating period

At five weeks after bariatric operation the mating period began. Only seven CAF
Sham rats and five CAF RYGB rats kept their litters from the weaning to the 120 days of
the offspring’s life. In the CAF Sham group, five litters died after birth, one rat had no
offspring and one rat died during childbirth. In the CAF RYGB rats, four litters were born
dead, two litters had cannibalism, three litters died after birth and three rats had no

offspring.

3.3 Maternal body and serum parameters
At one week after finish of lactation, RYGB operation , even with the continuity of
the CAF diet, promoted a reduction of 25% in BWs when compared to CAF Sham animals

(P <0.0001; Tab. 1). The Lee index and perigonadal and retroperitoneal fat pad were 9%,
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59% and 50% respectively, lower in CAF RYGB animals in relation of CAF Sham group
(P <0.0001; Tab. 1). The CNA didn’t change (Tab. 1). We didn’t find difference in fasting
levels of glucose and albumin between the groups studied (Tab. 2). However, CAF RYGB
rats showed reduction of 12%, 22% and 36% in total protein concentration, fasting serum
insulin and HOMA-IR index, respectively, compared to CAF Sham animals (P < 0.05, P <

0.05e P <0.01; Tab. 2)

3.4 Body parameters in adult male offspring

The offspring of obese dams receiving RYBG showed a reduction in NAL and BW
from4th week of life (15% and 42%, respectively, P <0.001, Fig 2A and B) until 17th week
of life (7% and 17%, respectively, P <0.001, P <0.0001), when compared to CAF Sham-F1
group. As observed in Fig. 2C, the food intake of CAF RYGB-F1 animals was lower in
relation to CAF Sham-F1 group. This difference was observed from 7th week of life (20%,
P < 0.001) and remained until euthanasia (24%, P < 0.01). The feed efficiency of CAF
RYGB-F1 rats was greater in the first weeks after weaning (4th to 8th week) when
compared to CAF Sham-F1 animals (P < 0.01, P < 0.05; Fig. 2D). After this period, the

feed efficiency was normalized.

3.5 Glucose and inulin tolerance test and insulin signaling in adult male offspring
At 16 weeks of age, the animals were submitted to ipGTT. At 15 min after
intraperitoneal glucose administration , the glycemia reached maximum concentrations in
both groups with a gradual decrease from this moment (Fig. 3A). No difference between
the groups in any times was observed. The AUC of GTT was similar between the groups

studied (33830 £ 1832; 30895 * 2416, CAF Sham-F1 e CAF RYGB-F1, respectively).
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However, the glucose constant disappearance (Krt) was higher in CAF RYGB-F1 animals
compared to CAF Sham-F1 rats (P < 0.05, Fig. 3B).

For evaluation of insulin sensitivity in peripheral tissues (liver, gastrocnemius
muscle and adipose tissue Fig. 3C, D e E, respectively), the AKT protein expression in its
phosphorylated and total form were analyzed in the presence or absence of insulin. CAF
Sham-F1 animals in the presence of insulin showed an increased in AKT 15>} /AK T3
ratio in the liver (P < 0.001), gastrocnemius muscle (P < 0.05) and retroperitoneal fatpad
(P <0.001), compared to the same group in the absence of insulin. In CAF RYGB-F1
animals, the AKT153°"% | AKT /3 ratio in the presence of insulin was higher only in

liver and adipose tissue (P < 0.05 e P < 0.05).

3.6 Obesity and serum biochemical analyses in adult male offspring

The CAF RYGB-F1 animals displayed a reduction in the Lee Index (P < 0.01, Tab.
3) and in perigonadal and retroperitoneal fat pad when compared to CAF Sham-F1 rats (P
< 0.0001 e P < 0.0001; Tab. 3). Fasting levels of total proteins, albumin and glycemia were
not different between the groups (Tab. 4). However, CAF RYGB-F1 rats showed a
reduction of 17% in serum insulin when compared to CAF Sham-F1 animals (P < 0.05;

Tab. 4).

3.7 Pancreas morphofunction in adult male offspring

The static insulin secretion in the presence of 5.6, 8.3 mM and 27 mM glucose was
similar between the groups (Fig. 4A). However, when isolate islets were stimulate with
11.1, 16.7 and 22.0 mM glucose, insulin secretion was 22%, 27% and 21% lower,
respectively, in CAF RYGB-F1 animals compared to CAF Sham-F1 rats (P < 0.05, P <

0.01, P < 0.05; Fig. 4A). Representative figures of histological pancreatic sections stained
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for insulin and glucagon are shown in figure 4B and D for the CAF Sham-F1 rats and
figure 4C and E for the CAF RYGB-FL1 animals. The architecture of the pancreatic islets
wasn’t different between the groups. We observed that pancreatic B-cells are concentrated
in the central region and the a-cells in the periphery of the pancreatic islets. The pancreas
weight expreesed by percentage of BW remained similar between CAF Sham-F1 (0.38 +
0.02) and CAF RYGB-F1 (0.36 + 0.02). The total area and mass of the islets weren’t
different between experimentalgroups (Fig. 4F e H). However, the CAF RYGB-F1 animals
showed on increase of 27% and 23.5% in B-cell area and mass, respectively, in relation to
CAF Sham-F1 group (Fig. 4G e I; P <0.001 e P < 0.01). We didn’t observe differences in
the a-cells area (CAF Sham-F1 3646 + 220 and CAF RYGB-F1 3963 + 474, pm?) and in
a-cells mass (CAF Sham-F1 2.2 £ 0.1 and CAF RYGB-F1 2.1 £ 0.2, mg) in both groups
studies. Figure 4J and K are representative images of immunofluorescence for Ki67 from
CAF Sham-F1 and CAF RYGB-F1 animals. We didn’t observe significant differences in

the percentage of Ki67 positive cells in both groups (Fig. 4L).

4. DISCUSSION

Bariatric operation is currently considered one of the most effective treatments for
weight loss in morbidly obese patients and for improvement or remission of the associated
metabolic disorders (2). According to the literature, CAF-diet induced obese rats present
glucose intolerance, normoglycemia, hyperinsulinemia and peripheral insulin resistance
(38, 18). In our study, RYGB performed in CAF-diet induced obese rats, promoted weight
loss and improved glucose tolerance four weeks after surgery when compared to CAF
Sham rats. These results corroborate literature data showing that RYGB improves glucose
homeostasis in obese patients (40) and in different experimental animals (26, 22). At one

week after lactation, CAF RYGB rats presented a reduction in serum insulin concentration
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and an increase in insulin sensitivity, without altering glucose concentrations. Fat
accumulation was also reduced. Moreover, they presented low total protein concentration
without changes in serum albumin. This is the first study demonstrating the effects of
RYGB in plasmatic parameters of rats after pregnancy and lactation. Having in mind the
weight loss and improvement in maternal glucose homeostasis after RYGB, we
investigated the repercussions of these changes in the male offspring.

Different studies with hyperlipid or CAF-diet induced obese animals demonstrate
that maternal overnutrition causes an increased in BW and adiposity, as well as, permanent
changes in offspring metabolism (3, 41, 45, 28, 4). Overweightness or maternal obesity in
humans affects fetal growth resulting in an increased weight at birth (> 4,000 g) (11).
Interventions in lifestyle during pregnancy, such as exercise and dietary control together or
isolated, promote few effects on the gestational weight gain, and, consequently, on child
weight at birth. (46). Thus, bariatric interventions can be an option to reduce the impact of
obesity on pregnancy and offspring health.

In the present study, rats descendant from mothers submitted to RYGB and fed
standard diet, presented reduced BW, NAL and food intake during the entire experimental
period when compared to CAF Sham-F1 animals (Fig. 2A, B e C). Feed efficiency was
higher in CAF RYGB-F1 animals only until the 8" week of life, after which it was similar
to CAF Sham-F1 animals (Fig. 2D). Moreover, the descendants of obese rats submitted to
RYGB showed a reduction of body fat accumulation (Tab. 3). The offspring of hyperlipid
diet obese rats submitted to vertical sleeve gastrectomy (VSG) presented a decrease in
weight and size in relation to the offspring of control mothers. When the hyperlipid diet
was maintained until puberty, the authors verified that animals born from mothers
submitted to VSG presented propensity to develop glucose intolerance and increased

adiposity when compared to animals of control mothers (13). Maternal ileal interposition
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(II), independently of weight loss, led to a reduction in the offspring’s BW, suggesting an
isolated effect of the surgical procedure. In the same study, the authors observed a
reduction in food intake only in the cumulative analysis from 4 to 6 months (10). Clinical
studies showed that children born after maternal biliopancreatic bariatric surgery present
reduction in BW and low obesity incidence (21, 43). Pregnancy in post-bariatric women
increases the risk of micronutrient deficiencies as a result of combined physiologic
alterations related to pregnancy and iatrogenic post-operative alterations in the absorption
and metabolism of essential nutrients (14). However, it is not possible to state whether the
results in the present study derive from weight loss, poor maternal nutrient absorption or
merely from the RYGB surgical procedure.

After verifying the effects of maternal RYGB on body parameters, we investigated
the effects on glucose homeostasis. Although CAF RYGB-F1 rats did not present changes
in glucose tolerance (Fig. 3A), they showed increased insulin sensitivity, as assessed by

Krr. To better investigate this result, we evaluated the rate of AKTy/5>""

protein
phosphorylation by total AKTy/2/3 in the presence and absence of insulin in peripheral
tissues. AKT is a serine/threonine protein kinase involved in insulin metabolic actions,

such as glucose transport and glycogen synthesis (24). Its maximal action is performed
when Ser473 residue is phosphorylated (48, 37). We observe that insulin sensitivity in liver,
adipose tissue and gastrocnemius muscle is not altered in rats descendant from obese
mothers. We also observe that the offspring from obese mothers submitted to RYGB, does
not present alteration in insulin response in liver and adipose tissue, however in
gastrocnemius muscle, CAF RYGB-FL1 rats presented insulin resistance (IR). Maternal
overnutrition during the lactation period decreases in the offspring the total expression of

the insulin receptor substrate 1 (IRS1) and increases phosphorylation of the IRS1 serine

residue in the muscle, suggesting a possible modification in the insulin signaling pathway,
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which may result in IR development (15). Considering that IR may be tissue-specific (34),
we suggest that maternal RYGB, in some way still not demonstrated, may influence the
insulin signaling pathway (IRS1/PI3K/AKT) in muscle tissue from CAF RYGB-F1
animals, without promoting alterations in the liver and adipose tissue.

Following up on the evaluation of maternal RYGB effects on the offspring’s
glucose homeostasis, we investigated the serum glucose and insulin concentration, as well
as, the morpho-functional characteristics of the endocrine pancreas. Although we did not
observe alterations in plasma glucose (Tab. 4), CAF RYGB-F1 animals showed a
reduction in serum insulin concentration (Tab. 4). We also observed that isolated islets of
CAF RYGB-F1 animals presented a reduced insulin secretion stimulated by different
glucose concentrations (11.1; 16.7; 22.0 mM) when compared to islets of CAF Sham-F1
animals (Fig. 4A), although they present increased pancreatic B-cell area and mass. B-cells
in both humans and animals, present the ability to increase mass in order to guarantee
euglycemia (9). We suggest that the increase in pancreatic 3-cell area and mass may be a
response of the cells in order to compensate for the low insulin secretion, which in turn,
may result from alterations of the B-cell secretion mechanism. Another possibility is that
programming of the pancreas occurred during the pregnancy and lactation period. The
critical development period of rodent islets is morphogenesis, which occurs between days
17-19 of the embryonic period, and neogenesis, during the first week of life (27, 33). Thus,
the nutritional state during preconception, pregnancy and lactation may alter pancreatic
islet development (8) through epigenetic changes (29), leading to alterations in mass and
function of islet cells (44). These epigenetic changes can be: DNA methylation, which can
inhibit transcription factor binding in specific regulatory regions; histone post-translational

modifications, with increase or decrease in its acetylation that activates or suppresses genic
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transcription, as well as, increase or decrease in the expression of different microRNAs,
which can silence mMRNA sequences (29, 44).

In conclusion, we demonstrate for the first time that rats descendant from obese
mothers by CAF diet submitted to RYGB, present reduction in BW, length, food intake
and adiposity. In relation to glucose homeostasis, we did not observe changes in glucose
tolerance, however we verify an increase in the rate of plasmatic glucose depletion
although we detected IR in the skeletal muscle of CAF RYGB-F1 animals. Moreover,
although we observe an increase in 3-cell area and mass of CAF RYGB-F1 rats, we detect
a decrease of insulinemia and insulin secretion stimulated by different glucose
concentrations. Considering that RYGB surgery led to an improvement of maternal
glucose tolerance and promoted weight loss before pregnancy, more studies are needed to
discriminate the benefits or risks for the offspring of weight loss versus maternal post-

operative metabolic changes.
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FIGURE LEGENDS

Figure 1: (A) Intreperitoneal glucose tolerance test (ipGTT) and (B) area under the curve
(AUC) of ipGTT, four weeks after bariatric operation and before pregnancy in CAF Sham
and CAF RYGB rats. Data are reported as means £ SEM (n= 5-12) females for group. * P
<0.05; ** P <0.01; *** P < 0.001 and **** P < 0.0001. Student's t-test and Shapiro-Wilk

normality test.

Figure 2: (A) Evolution of CNA; (B) Body weight; (C) Feed intake and (D) Feeding
efficiency weekly of CAF Sham-F1 (n= 28) and CAF RYGB-F1 (n= 14), from weaning to
euthanasia. Data are reported as means =+ SEM. * P < 0.05. Student's t-test and Shapiro-

Wilk normality test.

Figure 3: (A) Intreperitoneal glucose tolerance test (ipGTT) and (B) Percentage glucose
desappearance of CAF Sham-F1 and CAF RYGB-F1 rats (n= 6-18) with 120 days-old.
Expression of pAK T3 *7 for AKTy5 in the absence (-) ou presence of insulin (+) in
(C) liver; (D) gastrocnemius muscle and (E) retroperitoneal fad in CAF Sham-F1 and CAF
RYGB-F1 rats (n= 4-5). Data are reported as means + SEM. * P < 0.05 e **** P < 0.0001.

Student's t-test and Shapiro-Wilk normality test.

Figure 4: (A) Insulin secretory dose-response curve in islets isolated of CAF Sham-F1 and
CAF RYGB-F1 rats with 120 days-old. Groups of 4 islets were incubated for 1 h with 5.6,
8.3, 11.1, 16.7, 22.0 and 27.0 mM glucose. Dare reported as means + SEM obtained from
14-24 groups of islets is 4 independent experiments with 7 rats per group. Representative
images of pancreas sections stained from insulin of CAF Sham-F1 group (B) and CAF

RYGB-F1 group (C); Representative images of pancreas sections stained from glucagon of
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CAF Sham-F1 group (D) and CAF RYGB-F1 group (E); (F) Total islet area; (G) Total B-
cell area; (H) Islet mass; (I) B-cell mass in the pancreas of 120-days-old CAF Sham-F1 and
CAF RYGB-F1 rats. Representative images of pancreas sections stained from Ki67 and
insulin using immunofluorescence technique of CAF Sham-F1 (J) and CAF RYGB-FL1 rats
(K); (L) Percentage positive cells for Ki67 on the pancreatic p-cell of CAF Sham-F1 and
CAF RYGB-F1 rats with 120 days-old (n= 4-6). 1413 and 1041 islets were analyzed for
CAF Sham-F1 and CAF RYGB-F1, respectively. Data are reported as means + SEM. * P <

0.05 e ** P < 0.01. Student's t-test and Shapiro-Wilk normality test.
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Table 1. Maternal body parameters one week after finish of lactation of CAF Sham e CAF

RYGB rats.
CAF Sham CAF RYGB
Body weight (g) 331.0 £ 12.0 250.0+7.07
Naso-anal length (cm) 21.0+£0.3 21.0+£0.2
Lee index 3320+7.0 3020+3.0
Perigonadal fat (g/100g body weight) 46+0.3 1.9+027
Retroperitoneal fat (g/100g body weight) 28+0.3 1.4+027

Data are reported as means £ SEM (n= 13-16). ***P < 0.001 e **** P < 0.0001. Student's

t-test and Shapiro-Wilk normality test.
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Table 2. Maternal serum biochemical parameters one week after finish of lactation of CAF

Sham e CAF RYGB rats.

CAF Sham CAFRYGB
Glucose (mg/dL) 99.0 + 2.0 88.0+5.0
Insulin (ng/mL) 0.9+0.05 0.7 +0.06
Totals proteins (mg/dL) 7.4+0.1 6,5+0.4
Albumin (g/dL) 44+0.2 3.8+0.3
5.2+0.2 33057

HOMA-IR

Data are reported as means £ SEM (n=5-13). *P < 0.05 e ** P < 0.01. Student's t-test and

Shapiro-Wilk normality test.
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Table 3. Body parameters of CAF Sham-F1 and CAF RYGB-F1 adult males with 120

days of life.
CAF Sham-F1 CAF RYGB-F1
Lee index 3230+ 15 316.0+ 1.4
Perigonadal fat (g/100g body weight) 1.0 +0.06 0.7+0.05"
Retroperitoneal fat (g/200g body weight) 0.9 +0.06 0.4+0.05

Data are reported as means £ SEM (n= 9-27). ** P < 0.01 e *** P < 0.001. Student's t-test

and Shapiro-Wilk normality test.
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Table 4. Serum biochemical parameters of 120-day-old adult male CAF Sham-F1 and

CAF DGYR-F1 rats.

CAF Sham-F1 CAF RYGB
Totals proteins (mg/dL) 6.0 £0.07 6.0£0.1
Albumin (g/dL) 3.2 +0.06 3.3+0.06
Glucose (mg/dL) 98.0+1.9 95.0+2.4
Insulin (ng/dL) 0.6 +0.05 0.5+0.02

Data are reported as means £ SEM (n=7-27). * P < 0.05. Student's t-test and Shapiro-Wilk

normality test.
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ANEXO A

Etica Comité de Etica na Experimentacdo Animal e Aulas Praticas da
Universidade Estadual do Oeste do Parana.

U unioeste

Universidede Tstodon! do Ooste do Parans .
Pré-Reitoria de Peiquisa ¢ Pds-Gradwogpdo ~
Comied de Etica no Uso de Anbmais - CEUA

PARECER DE PROTOCOLO

O protocoio intitulado “Homeostase glcimica e lipidica da prole de
ratos cbesos submebdos 3 derivacdo gastrica em Y de Roux', sob vossa
coardenacao, foi avakado pelo CEUA como APROVADO para execuclio.

ATENCAO!

O Certificade Experimental deste Protocolo, somente sera emitido
apds o enceramento das atwidades previstas e apds o ancaminhamento
do Relatério Final ac CEUA. Este Parecer NAO tem valor coma Certificado

Expenmantal.

Cascavel, 13/02/2015

Coordenadora do CEUA
Portaria n° 27282014 - GRE
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The running head is an abbreviated version of the title, which will appear at the top
of every page subsequent to the first page. Running heads must not exceed 60

characters including spaces between words.

Address for Correspondence

Only one author may be designated as the corresponding author. A full address
for correspondence must be included, with a current, valid e-mail address for the
corresponding author. The address of the corresponding author will appear on the
first page of the article. Please note that a valid e-mail address is essential to
participate in the APS electronic proofing service. Also, provide your phone and
fax numbers for use while your article is in production. If the contact information to
be used during production differs from that to be included in the final article,

indicate this explicitly.

Abstract

A one-paragraph abstract of not more than 250 words must accompany each
manuscript. Longer abstracts may be subject to editorial truncation, to conform to
the conventional perceptions of brevity that characterize an "abstract". The
abstract should state what was done and why (including species and state of

anesthesia), what was found (in terms of data, if space allows), and what was


http://www.crossref.org/
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http://www.crossref.org/fundref/
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concluded. Even for short editorial-style articles, a brief "abstract" should be
provided, if only to identify the topic (e.g., "This is an editorial summarizing recent

new developments in physiology.").

New & Noteworthy

Participating Journals: AJP-Heart (AHeart), Journal of Applied
Physiology (JAPPL), Journal of Neurophysiology (JN), AJP-
Gastrointestinal (AGI), and Advances (ADV).

New & Noteworthy is a brand of annotation summarizing what is new about an
author's original research. Only authors submitting research articles to APS
participating journals (see above) should submit their annotation in the online
EJPress submission form field, ensuring that the exact statement also appears in
their final submitted manuscript after Abstract and Keywords.

Specifications:

WORD LIMIT: 50 words for AHeart; 75 words for JAPPL, JN, AGI, and ADV.
AHeart, JAPPL, JN, AGI

= Annotations apply only to Original Research Articles, Innovative
Methodologies, and Rapid Reports.

= Annotations appear in final published articles and the journal table of
contents.

= Branded "New & Noteworthy"
ADV

= Annotations apply to all articles in the journal.
= Snapshot statement is solely posted on the journal's Facebook page with a
link back to the published article.

Keywords

Include three to five words or short phrases relevant to the article.
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Glossary

A glossary may be included (and is often helpful) in equation-laden articles with
many different symbols (such as mathematical modeling or computational papers),
specifying the units (and/or dimensions) as well as each definition. The glossary
will usually precede the Methods section.

See this article for an example.

MAIN TEXT

Introduction

Provide a brief overview of the scope and relevance of the study, especially with

regard to previous advancements in related fields.

Materials and Methods

Describe techniques, cell/animal models used (including species, strain, and sex),
and lists of reagents, chemicals, and equipment, as well as the names of
manufacturers and suppliers, including URLS for those supplies obtained online,
so that your study can be most easily replicated by others. For studies involving

humans, the sex and/or gender of participants must be reported.

Also in this section, describe the statistical methods that were used to evaluate the
data. If clinical trials were used, a statement of registration is required; also, for all
investigations involving humans or animals, a statement of protocol approval from
an IRB or IACUC, or an equivalent statement, must be included (see Guiding

Principles for Research Involving Animals and Human Beings). All animal or

human studies must contain an explicit statement that the protocols were
submitted to, and approved by, an institutional review board or committee or that
the protocols were performed under a license obtained from such a committee,

board, or governing office.See Experimental Details to Report in Your

Manuscript for more information.
See Abbreviations, Symbols, and Terminology for style information.


http://ajpregu.physiology.org/content/277/5/R1522.full
http://www.the-aps.org/gm-node/35775.aspx
http://www.the-aps.org/gm-node/35775.aspx
http://www.the-aps.org/gm-node/54611.aspx
http://www.the-aps.org/gm-node/54611.aspx
http://www.the-aps.org/gm-node/42824.aspx
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Results

Provide the experimental data and results as well as the particular statistical
significance of the data. See Promoting Transparent Reporting of Results for more
information.

APS has published an editorial on the use of statistics, and authors are

encouraged to consult it.

Discussion

Sometimes combined with the results in a section called "Results and Discussion”.
Explain your interpretation of the data, especially compared with previously

published material cited in the References.

Appendix

An Appendix may be included (and is often helpful) in mathematical modeling or

computational papers, e.g., to provide details of a solution strategy.

Acknowledgements

The acknowledgements section is where you may wish to thank people indirectly
involved with the research (e.g., technical assistance; gifts of samples, reagents,
or cell lines; loans of equipment or laboratory space; comments or suggestions
during the creation of the manuscript). However, it is important that anyone listed
here know in advance of your acknowledgement of their contribution, as

documented during the submission process.

Current addresses of authors (which may differ from those in the affiliation line)

may be included here.

Do not include "promissory notes." APS Journal policy is against inclusion of

implicit or explicit promises that future work will be published.

Do not include dedications (e.g., to persons living or deceased). Dedications of

articles are not permitted.


http://www.the-aps.org/mm/Publications/Info-For-Authors/Promoting-Transparent-Reporting
http://physiolgenomics.physiology.org/content/18/3/249.full
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Grants

List the grants, fellowships, and donations that funded (partially or completely) the

research. However, industry-sponsored grants should be listed under Disclosures.

Disclosures
Authors are required at the time of submission to disclose any perceived or

potential conflict of interest, financial or otherwise. See Author Conflict of Interest.

If the article is accepted for publication, information on the perceived or potential
conflict of interest, or lack thereof, must be noted in the Disclosures section.

Footnotes
The footnotes section is the place to list any additional items pertinent to your
article, including but not limited to links to non-peer-reviewed data that may be

available to readers from your institutional web site.

Footnotes should be numbered consecutively throughout. They should be

assembled on a separate page at the end of the article.

References

Authors are responsible for accuracy of citations. References must be limited to
directly pertinent published works or papers that have been accepted for
publication. An abstract, properly identified as "Abstract”, may be cited only when it

is the sole source.

Reference lists should be arranged alphabetically by author and numbered
serially. The reference number should be placed in parentheses at the appropriate

place in the text.

The style of citation should be as follows, with journal name abbreviated as in
Medline, PubMed, and Index Medicus. Appropriate templates for your citation
management software are available from the respective company websites
(e.g., EndNote ).

The examples given below are shown with numbers because that is the style for
most APS Journals, except for the Journal of Neurophysiology (see note, below,

after these examples). The first is a standard book reference; the second is a


http://www.the-aps.org/gm-node/31977.aspx
http://www.the-aps.org/gm-node/42844.aspx
http://www.endnote.com/support/enstyles.asp
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standard reference to an "early view" or "prepress" reference, such as the APS
"Articles in PresS" (note the use of the “digital object identifier"—doi—in this

citation); the third is a standard journal reference.

1. Pollock DM. Endothelin receptor subtypes and tissue distribution. In: Endothelin
Molecular Biology, Physiology, and Pathology, edited by Highsmith RF. Totowa,
NJ: Humana, 1998.

2. Scarafia LE, Winter A, Swinney DC. Quantitative expression analysis of the
cellular specificity of HECT-domain ubiquitin E3 ligases. Physiol Genomics (April
26, 2001). doi:10.1152/physiolgenomics.00075.2001.

3. Villalobos AR, Parmelee JT, Renfro JL. Choline uptake across the ventricular
membrane of neonate rat choroid plexus. Am J Physiol Cell Physiol 276: C1288-
C1296, 1999.

MORE Example References

References for the Journal of Neurophysiology should be arranged alphabetically
by author. The appropriate author name and year for each reference should be
included in parentheses at the proper point in the text using the following style (this

is ONLY for the Journal of Neurophysiology, NOT for other APS Journals):

= one author (Brown 1982)
= two authors (Brown and Smith 1982)
= three or more authors (Brown et al. 1982).

For the in text citations in the Journal of Neurophysiology, here are some other
important details. If more than two references are cited by different authors,
separate entries with a semicolon (Brown 1982; Smith 1983). If more than two
references are cited by the same first author (or single author), use "et al.” where
appropriate plus the date, even if the subsequent authors are not the same in all
the references (Brown et al. 1982, 1983). Note the use of commas between two
consecutive years or nonconsecutive years. Do not use dashes for ranges (Brown
et al. 1982, 1983, 1986, 1987, 1988). If more than two references with the same
year and author(s) are cited, use lowercase letters after the year (Brown 1982a,
1982b). Lowercase letters should be inserted in same-year references in the

reference list.


http://www.the-aps.org/gm-node/43748.aspx
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Citing Unpublished Observations, Personal Communications, and "In Press"
Manuscripts

Submitted papers still in preparation or in peer review and/or any other
unpublished materials, observations, or personal communications cannot be
included in the reference list, which may only list published work. However, such
material can be cited in the text, but at submission, authors will be required to
confirm that all individuals acknowledged in the manuscript are aware that they are
being acknowledged and approve of the manner and the context of the

acknowledgement. This includes, but is not limited to the following circumstances:

= to publish information disclosed in a personal communication or
unpublished observation;

= to recognize additional individuals who helped in preparation of the
manuscript;

= for permission from a copyright holder to discuss information that has been
accepted for publication but is "in press" and not yet available, online or

otherwise.

For both unpublished observations and personal communications, provide the

cited person's last name and all initials.

Figure Captions

Every figure must have a descriptive figure caption, to describe to the reader in
sentence form the relevant details of the figure, to place it in the proper context of
the manuscript. Q. Information reported in figures and legends should

describe each individual experiment presented, including the number of samples
or animals used per treatment. The statistics performed for each experiment
should be reported as well. These textual figure captions must be listed in order in

the manuscript, following the reference list.

Tables
Whenever possible, authors are encouraged to submit figures rather than tables.
Statistical summary tables should be submitted when possible, rather than tables

with many lines of individual values. Lengthy tables of data that cannot be
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presented in a suitable manner, according to APS standards of print publication,
may be extracted and set as a supplement to the online article. These
supplements remain an integral part of the article for the reader, as text referring to
these tables will remain in the article, and links directly to the supplements will be
embedded and prominently indicated at all points of entry to the online article

(see Data Supplements).

Submitted tables should adhere to the following guidelines:

= Tables must not duplicate material in text or figures.

= Tables should be numbered consecutively with Arabic numerals and
prepared with the size of the journal page in mind: 3.5 in. wide, single
column; 7 in. wide, double column.

= Each table should have a brief title; explanatory notes should be in the
legend, not in the title.

= Nonsignificant decimal places in tabular data should be omitted.

= Short or abbreviated column heads should be used and explained if
necessary in the legend.

= Statistical measures of variations, SD, SE, etc., must be identified.
(Example: "Values are means + SE.")

= Table footnotes should be listed in order of their appearance and identified
by standard symbols: *, 1, I, § for four or fewer; for five or more,

consecutive superscript lowercase letters should be used (e.g., &, °, ¢, etc.).

Equations

Manuscripts with many mathematical characters and equations should be
prepared using MathType version 6.0 or higher (available from Design Science,
Inc.). Manuscripts with a minimal amount of math may be prepared using word-
processing tools such as Microsoft Word Equation Editor, or with features such as
bold, italics, superscript and subscript together with characters in the Symbol or
Greek fonts. Do not use the Wingdings or Webdings fonts. Please do not submit
equations as images. Inline math text that can be regular text (e.g., X°[n - 2])

should be provided as such. Please do not set these as MathType.


http://www.the-aps.org/gm-node/42843.aspx
http://www.dessci.com/en/
http://www.dessci.com/en/
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Mathematical equations should be simplified as much as possible and carefully

checked.

= Use the slant line (/) for simple fractions (a + b)/(x + y) in the text rather
than the built-up fraction a + b[over]x + y, which should only be used if the
equation is offset from the text.

= Use subscripts or superscripts wherever feasible and appropriate to
simplify the equations.

= Please use notation that is consistent with the standard nomenclature in
applied mathematics. As an aid to the reader, please state the convention
that you are following, especially if it is uncommon.

= Symbols should be defined as they first appear in the text. A glossary may
be included (and is often helpful) in articles with many different symbols,
specifying the units (dimensions) as well as each definition. The Glossary
will usually precede the Methods section.

= APS style allows punctuation in displayed equations.

Mathematical Models

Presentation of the model(s) must be sufficiently clear to allow physiologists with
limited experience in modeling to follow the model development, limitations, and
physiological relevance. Assumptions concerning the importance of physiological

processes included in the model should be clearly stated.

= If the model equation(s) require solution, the method of solution should be
described in sufficient detail to permit readers to duplicate the solution in
their own laboratories. Algorithms from commercial software libraries
should be so identified. Details of the solution strategy may be summarized
in an Appendix.

= For simulations, sources or estimation methods for all parameter values
should be presented and the numerical values given in the text or a table. A
sensitivity analysis must be performed for important parameters (covering
ranges of values relevant to the manuscript) to determine how the model

predictions are affected by numerical parameter values.
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If the model is used to estimate parameter values, measures of the
uncertainties associated with the estimated parameter values should be
presented.

For models intended for use in a predictive setting, validation of the model
with a data set not used for model parameter estimation (i.e., cross-
validation) is recommended. Sensitivity analysis or parameter uncertainty
determination is an important component of modern modeling practice that
allows assessment of the validity of a model.

Results obtained with the model(s) should be compared with appropriate
physiological data, either from literature or from new experiments.
Simulation results may be examined for prediction of changes or trends in
physiological variables similar to those reported for in vitro or in vivo studies.
The discussion should include information on the physiological significance
of the model study, limitations of the model, and suggestions for new

modeling and/or experimental studies.

Articles based on original computer simulation software

1. Upon submission of a paper reporting computer simulation using original,

author-generated code, authors are encouraged to deposit software and
code via a public repository, such as GitHub, if not already deposited to a
public repository. A link to the software deposit should be included in the
cover letter. Alternatively, authors may submit a working version of their
software and computer code as supporting data for access by the

reviewers. It will be kept confidential during review, and in case of a

negative decision (i.e., rejection).

a. In any case, authors must make available upon request, to editors and
reviewers, any previously unreported custom computer code used to
generate results that are reported in the paper and central to its main
claims. Any practical issues preventing code sharing will be evaluated by
the editors who reserve the right to decline the paper if important code is

unavailable.
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b. Upon manuscript submission, authors should check the box marked

“‘computer simulation”.

. Upon manuscript R1 revision (assuming authors are invited by the journal
to revise their manuscript), authors should deposit a full working version of
their software and computer code to a public website/repository, one that
retains original and updated versions of the model and code — if not already
deposited publicly — and include the link to the deposited software in the
Methods section.

a. Authors must state Terms of Use included with the deposited

software. Authors should consult the Intellectual Property owner (usually
the author’s institution) regarding requirements, if any, for active user
compliance agreement to Terms of Use.

b. Original software and code must remain available indefinitely

c. Updates to the model and code should be reported on the repository site,
with comments as to why particular changes were made with the dates of
original deposit and each change identified. In this way, published material
remains available in its published form, but improvements are also
available from the same immediately accessible web-based repository

location.

. Authors should inform editors about any practical issues preventing public
deposit of the computer code and be prepared to make computer code

available to readers upon request after publication.



