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RESUMO GERAL

Estudos apontam que a obesidade materna pode afetar o desenvolvimento fetal,
resultando em doengas na vida adulta, tais como diabetes mellitus tipo 2,
doencas cardiovasculares e a prépria obesidade. Para reduzir os efeitos da
obesidade e as suas comorbidades, as cirurgias bariatricas destacam-se entre
as intervencbes mais eficazes, sendo a derivagdo géastrica em Y de Roux
(DGYR) o tipo de procedimento bariatrico mais frequentemente realizado. No
entanto, ainda sdo escassos na literatura estudos que avaliem os efeitos da
obesidade e das cirurgias bariatricas na morfologia do tecido muscular
esquelético da prole adulta. Diante disso, o0 objetivo deste estudo foi avaliar a
morfologia e a morfometria das fibras musculares e as jun¢des neuromusculares
(JNMs) do musculo extensor longo dos dedos (ELD) da prole de ratas obesas
submetidas ou ndo a cirurgia de DGYR. Para tanto, ratas Wistar de trés semanas
de vida foram separadas aleatoriamente em trés grupos: 1) Controle (CTL), que
recebeu dieta padrao; 2) Cafeteria Falso operado (CAF FO) e 3) Cafeteria DGYR
(CAF DGYR); esses dois ultimos receberam dieta de cafeteria antes e apds o
procedimento cirargico, até o desmame da prole. Na 182 semana de vida, foi
realizado o procedimento cirurgico e a falsa operacao nos grupos CAF DGYR e
CAF FO, respectivamente. O cruzamento dos animais ocorreu cinco semanas
apos o procedimento cirargico. O nascimento dos animais foi considerado o dia
zero pés-natal e o desmame se deu na terceira semana vida, quando somente
0s machos foram separados para o experimento. A prole da primeira geracéo
(F1) foi nomeada em CTL-F1, OB-F1, CAF FO-F1 e CAF DGYR-F1 e todos os
animais receberam dieta padrdo. Na 172 semana, 0s animais foram
eutanasiados e o musculo ELD coletado para andlise das fibras musculares e
JNMs. Quando analisado os grupos CTL-F1 e OB-F1, esse ultimo apresentou
aumento do peso corpéreo, das gorduras retroperitoneal e periepididimal, e
relacdo capilar/fibra. Além disso, houve a reducdo do numero de nucleos,
conjuntivo e alteracdes morfoldgica nos parametros avaliados na ultraestrutura.
A area e diametro maior das JNMs também apresentaram reducdo. A analise
entre os grupos CAF DGYR-F1 e CAF FO-F1 evidenciou redugcdo do peso
corporal, do peso do musculo ELD, da gordura retroperitoneal e periepididimal,
don comprimento nasoanal, da area das fibras e relacdo nucleo/fibra no grupo
CAF DGYR-F1. Esse grupo também apresentou aumento no nimero de fibras
do tipo | e lla e no numero de capilares, assim como reducao na area das JNMs
e alteracdes morfoldgicas na ultraestrutura. Esses resultados demonstram que
tanto a obesidade como a cirurgia bariatrica expdem a prole, por meio da
programacdo metabdlica, com efeitos na morfologia do tecido musc
esquelético, sendo encontrado maiores agravos na fibra muscular da prole
maes submetidas a DGYR.

Palavras-chave: Cirurgia bariatrica, Desenvolvimento Fetal, Fibras musculares
esqueléticas, Juncao neuromuscular, Obesidade.



GENERAL ABSTRACT

Studies show that maternal obesity can affect fetal development, resulting

in diseases in adult life, such as diabetes mellitus type 2, cardiovascular disease,
obesity itslef. To reduce the effects of obesity and its comorbidities, bariatric
surgeries stand out among the most effective interventions, with Roux-en-Y
gastric bypass (RYGB) being the most frequently performed type of bariatric
procedure. However, there are still few studies in the literature that evaluate the
effects of obesity and bariatric surgeries on the morphology of skeletal muscle
tissue in adult offspring. Thus, the objective of this study was to evaluate
microscopic parameters of muscle fibers and neuromuscular junctions (NMJs) of
the extensor digitorum longus muscle (EDL) in obese rats’ offspring submitted or
not to RYGB surgery. Three-week Wistar rats were randomly divided into three
groups: Control Group (CTL) which received a standard diet; 2) Cafeteria False
Operated (CAF FO) and 3) Cafeteria RYGB (CAF RYGB), the latter two received
a cafeteria diet before and after the surgical procedure until the weaning of the
offspring. In the 18th of life, the surgical procedure and false operation were
performed in the CAF RYGB and CAF FO groups, respectively. The mating of
the animals occurred five weeks after the surgical procedure. The birth of the
offspring was postnatal day 0, and weaning occurred at three weeks of age, and
only the male offspring were separated for the experiment. The offspring of the
first generation (F1) were named CTL-F1, OB-F1, CAF FO-F1 and CAF RYGB
and received standard diet. At 17 weeks the animals were euthanized and the
EDL muscle collected for analysis of fiber muscles and NMJs. When the CTL-F1
and OB-F1 groups were analyzed, the latter had an increase in body weight,
retroperitoneal and periepididymal fats, and capillary/fiber ratio. Reduction in the
number of nuclei, conjunctive and morphological changes in the parameters
evaluated in the ultrastructure. The area and larger diameter of NMJs also
showed reduction. The analysis between CAF RYGB-F1 and CAF FO-F1 groups
showed reduction of body weight, ELD muscle weight, retroperitoneal and
periepididimal fat, nasoanal length, fiber area and nuclei/fiber ratio in the CAF
RYGB-F1 group. This group also presented increase in the number of fibers of
type | and Ila and number of capillaries, as well as reduction in the area of the
NMJs and morphological alterations in the ultrastructure. These results
demonstrate that both obesity and bariatric surgery expose the offspring, through
metabolic programming, to effects on the morphology of skeletal muscle tissue,
being found greater aggravations in the muscular fiber of the offspring of mothers
submitted to RYGB.

Key Words: Bariatric surgery, Fetal Development, Neuromuscular junction,
Obesity, Skeletal Muscle Fibers.
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Fatores que podem interferir no ambiente uterino e a reposta
fetal.

Esquema mostrando a cirurgia mista de DGYR, com reducédo
do volume do estémago e desvio da regido intestinal.
Esquema mostrando o musculo esquelético como O6rgao
secretor. Os musculos produzem e liberam miocinas, que
funcionam de forma hormonal e exercem efeitos enddcrinos
especificos em diversos érgaos.

Fibras musculares esqueléticas em corte transversal (Mt) e
longitudinal (MI). Nucleos periféricos das fibras musculares
(seta). Endomisio (En). Observar as estriacfes transversais em
corte longitudinal e formato cilindrico em corte transversal.
Juncéo Neuromuscular. Em (A) terminal axonal de um neurénio
motor e seu contato com a membrana da fibra muscular,

formando a JNM; fenda sinaptica, local onde ocorre a liberacéo

do neurotransmissor ACh; (B) ACh difundindo-se através da

fenda sinaptica e ligando-se aos receptores na membrana pos-

sinaptica
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Photomicrographs of the extensor digitorum longus muscle of 68

Wistar rats at 17 weeks of age. Cross-section. A and B: Muscle
fibers (asterisk), peripheral nuclei (white arrow), and blood
capillaries (black arrow) in rat offspring born to control dams
(CTL-F1) and to obese dams (OB-F1), respectively. HE. C and
D: Perimysium (asterisk) in CTL-F1 and OB-F1, respectively.

Masson’s trichrome.
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Figura2 Photomicrographs of the extensor digitorum longus muscle of 69

Figura 3

Figura 4

Wistar rats at 17 weeks of age. Cross-section, NADH-TR
reaction. A and B: Types |, lla and Ilb muscle fibers in rat
offspring born to control dams (CTL-F1) and to obese dams
(OB-F1), respectively. C and D: Area and number of the
different muscle fibers types in animals of the CTL-F1 and OB-
F1 groups. Values are expressed as the mean = standard
deviation. Student t-test.

Electron micrographs of the extensor digitorum longus muscle
of Wistar rats at 17 weeks of age. Longitudinal section. A:
Preserved muscle fiber with organized sarcomere (S), A-band
(A), I-band (1), and Z-line (white arrow). Rat offspring born to
control dams (CTL-F1). B: Muscle fiber showing
disorganization of the Z-line (white arrow), myofibrillar
disorganization (key), and dissolution of the Z-line
(arrowhead). Rat offspring born to obese dams (OB-F1).
Photomicrographs of the neuromuscular junctions (NMJs) of
the extensor digitorum longus muscle of Wistar rats at 17
weeks of age. Longitudinal section, nonspecific esterase
reaction. A and B: Observe the morphological characteristics
of NMJs in rat offspring born to control dams (CTL-F1) and
offspring born to obese dams (OB-F1), respectively. C, D and
E: Area, largest diameter and smallest diameter of NMJs in
animals of the CTL-F1 and OB-F1 groups. Values are
expressed as the mean + standard deviation. Student t-test. ***
p < 0.0006.
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Fotomicrografias do muasculo ELD de ratos Wistar com 17
semanas de vida. Seccdo transversal. A e B: Fibras
musculares (asterisco), ndcleos periféricos (seta branca) e

capilares sanguineos (seta preta) dos grupos prole de ratas
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cafeteria falsa operacdo (CAF FO-Fl1l) e prole de ratas
cafeteria DGYR (CAF DGYR-F1), respectivamente. HE. C, D,
E, F, G e H, dados de area das fibras, numero de fibras,
namero de nucleos, relacdo nucleoffibra, nimero de capilares
e relacdo capilar/fibra dos grupos CAF FO-F1 e CAF DGYR-
F1, respectivamente. Valores expressos através da meédia
desvio padréo. Teste t de Student.

Fotomicrografias do muasculo ELD de ratos Wistar com 17
semanas de vida. Seccdo transversal. A e B: Perimisio
(cabeca de seta) dos grupos prole de ratas cafeteria falsa
operacéo (CAF FO-F1) e prole de ratas cafeteria DGYR (CAF
DGYR-F1). Tricrdbmico de Masson.

Fotomicrografias do musculo ELD de ratos Wistar as 17
semanas. Seccéao transversal, reacdo de NADH-TR. A e B:
Fibras musculares dos tipos |, lla e llb nos grupos prole de
ratas cafeteria falsa operacdo (CAF FO-F1) e prole de ratas
cafeteria DGYR (CAF DGYR-F1), respectivamente. C e D:
Dados da area e contagem dos diferentes tipos de fibras
musculares nos animais dos grupos CAF FO-F1 e CAF DGYR-
F1. Valores expressos através da média * desvio padréo.
Teste t de Student.

Eletromicrografias do muasculo ELD de ratos Wistar as 17
semanas. Secc¢ao longitudinal. A e B: Fibra muscular com as
estruturas do sarcomero (S), banda A (A), banda | (1) e linha Z
(seta branca), desorganizacdo da linha Z (seta curva),
desorganizacdo miofibrilar (chave) e dissolucdo da linha Z
(cabeca de seta). Grupo prole de ratas cafeteria falsa
operacédo (CAF FO-F1) e prole de ratas cafeteria DGYR (CAF
DGYR-F1), respectivamente.

Fotomicrografias das jung¢des neuromusculares (JNMs) no
musculo ELD de ratos Wistar as 17 semanas. Seccdo
longitudinal, reacdo de Esterase Inespecifica. A e B: Observar

as caracteristicas morfolégicas das JNMs dos grupos prole de
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ratas cafeteria falsa operacdo (CAF FO-F1) e prole de ratas
cafeteria DGYR (CAF DGYR-F1), respectivamente. C, D e E:
Dados de area, didametros maior e menor das JNMs dos
animais dos gruposCAF FO-F1 e CAF DGYR-F1. Valores
expressos através da média + desvio padrdo. Teste t de
Student.
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INTRODUCAO GERAL

Recentemente, a preocupacdo com as doengas que acometem 0s
adultos e a sua relacdo com a vida uterina vem se destacando. O feto é um
reflexo da nutricdo e da composi¢cao corporal, dos suprimentos e da energia
recebida da mée (RIBEIRO et al., 2015). Além disso, as alteragbes moleculares
que ocorrem no Acido Desoxirribonucleico (DNA) ou nas proteinas as quais esta
estreitamente ligado sdo chamadas de mecanismos epigenéticos e séo
induzidas por fatores ambientais, tais como dieta materna, e transmitidas a
geragOes seguintes. Dessa forma, as perturbagbes que ocorrem durante o
periodo fetal podem interferir na vida adulta por meio da programacao metabdlica
(BARKER, 2004). Assim, a obesidade materna bem como suas comorbidades
podem acarretar em mudancas permanentes nas questdes fisiologicas e
metabolicas dos filhos, refletindo em incidéncia de desordens metabdlicas na
vida adulta (DIJK et al., 2015; GUDSNUK; CHAMPAGNE, 2011).

A obesidade vem apresentando evolucdo crescente e alarmante
tanto nos paises desenvolvidos quanto naqueles em desenvolvimento,
resultando em impactos negativos na salde humana, o que desencadeia
repercussdes organicas como doencas cardiovasculares, diabetes mellitus tipo
2 (DM2), desordens reprodutivas, afetando, também, as questdes psicossociais
(ARAUJO, 2012; AUNE et al., 2016; LIND et al., 2016). A obesidade ocorre
quando h& o desequilibrio entre consumo alimentar e 0 gasto energético,
resultando em acumulo de tecido adiposo. Modificacdes na dieta alimentar, tais
como a ingestdo de alimentos gordurosos, altamente energéticos, e o
sedentarismo, destacam-se entre os fatores casuisticos do crescimento da
prevaléncia desse aumento (MILAGRO et al., 2013; OLIVEIRA et al., 2015).

Dessa forma, a preocupacdo com a obesidade e as suas
comorbidades € universal, logo, adotar formas de prevencao e intervengcdo é
fundamental para que se minimizem os custos gerados ao setor publico (NG et
al., 2016; PATTI, 2013). Nesse escopo, as intervencdes cirirgicas sdo uma
opc¢ao no controle da obesidade, especialmente com a reducdo do peso, mas
também com a melhora das comorbidades (ARAPIS et al.,, 2015). Uma das

cirurgias mais frequente é a Derivacdo Gastrica em Y de Roux (DGYR)
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(MOSINKI; KIRWAN, 2016; SPANIOLAS; PORIES, 2016). A técnica consiste em
duas abordagens cirurgicas que consistem na reducdo do volume géstrico e no
desvio intestinal; € considerada uma técnica mista, a qual reduz a ingestao e a
absorcao de nutrientes (ARAPIS et al., 2015).

Dentre as comorbidades associadas a obesidade, encontra-se as
alteracdes musculoesqueléticas. O musculo esquelético € o tecido mais
abundante do corpo, com func¢Bes fisioldgicas importantes; por isso, as
disfuncbes decorrentes da obesidade causam prejuizos fisico e metabdlico (LE
et al., 2014). Em individuos obesos, o musculo deve executar suas funcdes sob
condicbes de aumento da massa corporal, que pode gerar alteracdes
morfolégicas e bioquimicas, como a reducdo de proteinas do citoesqueleto e
ribossomos mitocondriais (CAMPBELL et al., 2016; KEMP et al., 2009; WOO et
al., 2016).

A estrutura muscular € composta por uma matriz extracelular rica
em carboidrato e proteina. Todavia, em individuos obesos, 0 excesso de tecido
adiposo intramuscular libera mediadores inflamatoérios sistémicos e locais como
a Interleucina 6 (IL-6) e o Fator de Necrose Tumoral Alpha (TNF-a), os quais,
associados a fatores mecanicos, levam a deficiéncias musculoesqueléticas, tais
como a osteoartrite, a dor musculoesquelética e a reducao da capacidade fisica
(EL-KHANI et al., 2014). Além disso, a hipertrofia das células adiposas presente
entre as fibras musculares prejudica a sintese de proteina do musculo,
predispondo, por exemplo, o desenvolvimento da diabetes mellitus tipo 2 (DM2),
0 que leva também a deficiéncia na capacidade oxidativa e a remodelacao
estrutural das fibras musculares (KEMP et al., 2009; PELLEGRINELLI, et al.,
2015).

O musculo estriado esquelético se remodela devido ao uso, ao
desuso e as doencas como a obesidade. Entender as consequéncias da
obesidade a partir de seus efeitos no tecido muscular, bem como as intervencdes
com relacdo a obesidade, permitem melhorar as abordagens realizadas,
evitando, desse modo, o efeito da programacdo metabdlica neste tecido e
consequéncias para descentes de méaes obesas.

Sabendo-se que musculo extensor longo dos dedos (ELD) é

composto principalmente por fibras do tipo Il, sendo elas mais suscetiveis aos
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agravos nutricionais (WARD; STICKLAND, 1991), e a obesidade e os
procedimentos cirdrgicos comprometem fisiologicamente o metabolismo e que
caracteristicas das maes sdo transmitidas a prole por meio da programacao
metabdlica e devido também, ha uma lacuna na literatura no que diz respeito a
analise desses fatores. Diante disso, este estudo buscou avaliar os efeitos da
obesidade e da cirurgia de DGYR no musculo estriado esquelético da prole de

ratas obesas submetidas ou néo a cirurgia bariatrica.
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REVISAO GERAL DE LITERATURA

Programacéao Metabdlica

A programacgdo metabdlica pode ser definida “como alteracdes
estruturais e funcionais que ocorrem no feto em respostas a estimulos que
ocorrem em periodos considerados criticos do desenvolvimento”. Esse termo foi
desenvolvido por Barker, em sua proposta de origem fetal das doencas, na qual
orgaos e sistemas do corpo sao “plasticos” e sensiveis as perturbacées do meio
ambiente. Segundo o pesquisador, para esses 6rgaos, o periodo critico ocorre
no utero, principalmente no primeiro trimestre gestacional (BARKER, 2004;
RIBEIRO et al., 2015).

O metabolismo materno pode afetar o fenétipo dos filhos, gerando
a programacéo para o desenvolvimento de doencas metabdlicas na vida adulta
(ALFARADHI et al., 2014; MACMILLEN; ROBINSON, 2005; PARLEE;
MACDOUGALD, 2014). Dessa forma, o tabagismo, a hipertensdo, a desnutricdo
e a obesidade materna podem comprometer o metabolismo de seus descentes
(CAROLAN-OLAH; DUARTE-GARDEA; LECHUGA, 2015; EBERLE; AMENT,
2012).

A exposicdo a essas perturbacdes modifica o desenvolvimento do
feto por meio de fatores conhecidos como mecanismos epigenéticos, que
compreendem alteragBes moleculares que ocorrem no DNA ou nas proteinas as
quais ele esta estreitamente ligado, sem modificar sua sequéncia, e podem ser
transmitidas a geracdes seguintes (DIJK et al., 2015; GUDSNUK; CHAMPAGNE,
2011).

Nesse sentido, é crescente a preocupacao do reflexo da nutricéo,
da composicao corporal e 0s suprimentos que podem ser transmitidos da mée
para o feto (RIBEIRO et al., 2015). Assim sendo, 0s eventos que ocorrem na vida

uterina s&o capazes de interferir na vida adulta (Figura 1).
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Em decorréncia disso, a obesidade materna, bem como as suas
comorbidades, podem acarretar em mudancas fisiologicas e metabdlicas
permanentes nos filhos (CAROLAN-OLAH; DUARTE-GARDEA; LECHUGA,
2015). Portanto, entre os diversos fatores casuisticos da obesidade, a
programacao metabdlica e 0s mecanismos epigenéticos tém se tornado
aspectos a influenciar fenotipicamente o surgimento da obesidade e
comorbidades (DESAI; JELLYMAN; ROSS, 2015).

Fatores
sociecondmicos
Drogas consumidas
pela mae
Placenta
\_. Ambiente uterino /
Estado nutricional adverso
‘ materno ‘/ l
Nutricao fetal
|
Adaptagdes no Adaptacdes Adaptacdes Adaptactes
metabolismo estruturais em vasos, hormonais musculares
hepatico coracéo e rins

Figura 1. Fatores que podem interferir no ambiente uterino e a reposta fetal. Adaptado
de Ribeiro et al., 2015.

Como observado na Figura 1 as adaptacdes musculares podem
ocorrer como resposta ao ambiente uterino adverso. Ademais, sabe-se que 0
periodo fetal € crucial para o desenvolvimento do musculo esquelético, haja vista
que as suas propriedades morfofuncionais sado determinadas durante a
embriogénese. O estado epigenético das células musculares pode ser alterado
pela nutricdo e obesidade materna, predispondo a prole a obesidade na vida
adulta (BAAR, 2010; DU et al., 2010).

E notdrio que as exposicdes ambientais modulam os fatores
epigenéticos, resultando em programacdo metabdlica, dentre essas, a
obesidade pode ser destacada, pois, além de poder ser transmitida

geneticamente, suas comorbidades também afetam seus descentes.
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Obesidade

O aumento da obesidade nas ultimas décadas é preocupante,
tornando-se um problema de saude publica, porque sobrecarrega o sistema
publico com o tratamento das enfermidades associadas a essa condi¢do. A
doenca é uma condicao crbnica e tem como principal caracteristica o excesso
de tecido adiposo no individuo, sendo entdo definida como o excesso de peso
corporal, que resulta do desequilibrio entre o consumo e o0 gasto energético, e
estd associada a fatores de risco genético, nutricionais, metabdlicos e
ambientais (BERNARDES et al., 2009; DE LORENZO et al., 2016; MILAGRO et
al., 2013).

A doenca esta geralmente associada a individuos que apresentam
baixo indice de atividade fisica, em que as atividades laborais implicam em baixo
gasto energético, o comportamento sedentario da profissdo contribui para sua
condicdo (OLIVEIRA et al., 2015). Outro fator relevante que pode interferir no
peso corporal sdo as relagbes interpessoais. O consumo de alimentos
industrializados e o estilo de vida podem ser influenciados pelo convivio social,
familiar e ambiental (JALALI et al., 2016).

Os fatores genéticos também devem ser considerados na etiologia
da obesidade, dado que o risco de desenvolver a morbidade quando nenhum
dos progenitores é obeso é de 9%. Por outro lado, quando um dos pais é obeso
o percentual eleva-se para 50%, atingindo 80% quando ambos os pais sdo
obesos, associadas em maior ou menor porcentagem aos fatores ambientais
(ABESO, 2009; PIMENTA et al., 2015;).

Estratégias de monitoramento sdo adotadas para estimar seu
crescimento. Dentre as medidas comumente adotadas encontram-se 0 exame
de bioimpedéancia, a circunferéncia da cintura e a relacédo cintura-quadril. No
entanto, o indice de massa corporal (IMC, doravante) é amplamente utilizado
como parametro da obesidade e sobrepeso, e € obtido pelo calculo do peso do
individuo em quilogramas (Kg) dividido pelo quadrado de sua altura em metros
(m?),em que IMC igual ou acima de 25 é considerado sobrepeso (IMC = 25) e
IMC maior ou igual a 30 & considerado obesidade (IMC = 30) (PEREIRA et al.,
2015; WHO, 2015). Dados da Organizacao Mundial da Saude (OMS) demonstra
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que em 2014, 11% dos homens e 15% das mulheres eram obesas (WHO, 2015).
No Brasil, os dados sdo ainda mais alarmantes, onde em 2013, 16,8% dos
homens e 24,4% das mulheres foram diagnosticados como obesos (BRASIL,
2015).

Associado a obesidade € preocupante também o desenvolvimento
das comorbidades, tais como disturbios do aparelho locomotor, DM2, doencas
cardiovasculares, cancer e dislipidemia. O surgimento das doengas associadas,
além de comprometer o desenvolvimento de seus descentes, eleva também a
taxa de mortalidade dos individuos obesos (AUNE et al., 2016; BERNARDES et
al., 2009; FINUCANE et al., 2011).

Diante da preocupacdo com a obesidade e a programacgéo
metabolica, o estudo desenvolvido por Bayol, Simbi e Stickland (2005) mostra
que a dieta materna tem papel fundamental no desenvolvimento saudavel dos
filhos. O estudo mostrou que ratas Wistar expostas a dieta de cafeteria resultou
em altera¢cdes no musculo esquelético da prole logo ao desmame, com reducao
de 25% da area da seccdo transversal do musculo e reducdo de 20% no niumero
de fibras, além de hipertrofia dos adipdcitos intramusculares da prole de ratas
obesas em comparacdo com a prole de mées tratadas com dieta padrdo
(BAYOL; SIMBI; STICKLAND, 2005).

Com base nesses dados, depreende-se que identificar quais sao e
como atuam 0s mecanismos relacionados a programdo metabdlica é
provavelmente um dos melhores meios para evitar o surgimento de doencas na
vida adulta (MILAGRO et al., 2013; RIBEIRO et al., 2015). Sendo assim, 0 uso

de modelos animais no meio cientifico € um meio na busca por tais indagacoes.

Modelos de Inducéo de obesidade

O estudo clinico com seres humanos muitas vezes esbarra em
questdes éticas, financeiras e metodoldgicas. Por isso, modelos com roedores
foram adotados como meio priméario de investigagdo experimental (DIEMEN;
TRINDADE; TRINDADE, 2006; HALL et al., 1993).

O uso desses modelos ajuda na compreensdo dos mecanismos

que desencadeiam a obesidade e as suas comorbidades, dentre eles os mais



22

utilizados sao oriundos de dois grupos principais: animais geneticamente
modificados para o seu desenvolvimento e animais que apresentam a doenca
apos manipulacao dietética ou farmacolégica (NAGARAJAN et al., 2012).

Os animais geneticamente modificados, como, por exemplo, os
camundongos ob/ob (com mutacdo no gene ob), apresentam niveis reduzidos
do horménio secretado pelos adipécitos, a leptina. Relacionada a reducao do
apetite, essa alteracdo genética provoca um quadro de hiperfagia e,
consequentemente, de obesidade. Contudo, esses modelos de animais
geneticamente modificados ndo se assemelham a humanos, uma vez que a
ocorréncia de individuos obesos devido a modificagbes genéticas € rara
(ROSSINI; SILVA; MORAIS, 2012).

Dentre os modelos de inducdo de obesidade ap6s manipulacao
farmacoldgica ou dietética presentes na literatura, a lesdo no ndcleo arqueado
(realizada mediante administracdo subcutanea, em ratos neonatos, de glutamato
monossodico — MSG) e a dieta hiperlipidicas e hipercaldricas podem ser
destacadas (DIEMEN; TRINDADE; TRINDADE, 2006).

Embora os modelos mencionados se mostrarem eficazes no
estabelecimento da doenca, a dieta hipercaldrica e o sedentarismo sdo 0s
principais desencadeadores da obesidade em humanos (ROSSINI; SILVA;
MORAIS, 2012).

O padrao de alimentacao adotado pela sociedade moderna é rico
em gordura e agucar, o qual, associado ao estilo de vida sedentario (em termos
de lazer, transporte e trabalho), culminam para prevaléncia de obesidade. Um
modelo animal que consiste em uma dieta composta dos mesmos alimentos
adotados pela sociedade é chamado de dieta de cafeteria, ou dieta ocidental, no
qual os animais experimentais preferem esses alimentos em relacdo a racéo
padréo, e o seu elevado consumo resulta em obesidade (MARTIRE et al., 2013).

A dieta hipercalorica do tipo cafeteria usada para inducdo da
obesidade consiste ao acesso livre dos animais, além da dieta padrao (3,8
Kcal/g: 70% de carboidrato, 20% de proteina e 10% de gordura), aos liquidos e
alimentos hipercal6ricos selecionados, como refrigerante, biscoitos, chocolates,
bolos, embutidos (5,4 Kcal/g: 38,5% de carboidrato, 15% de proteina e 46,5% de
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gordura). Esse tipo de dieta tem a capacidade de promover no animal hiperfagia
voluntaria, e, devido ao maior aporte calorico, culmina para rapido aumento de
peso e de gordura (ARAUJO et al., 2012; DIEMEN; TRINDADE; TRINDADE,
2006; SAMPEY et al., 2011).

As dietas, desse modo, desencadeiam nos animais a sindrome
metabdlica, reproduzindo a etiologia, 0 curso e o0s resultado de doencas
metabdlicas em seres humanos (HIGA et al., 2014). Considerando que o modelo
deve ser o mais proximo do que ocorre em seres humanos, a inducdo da
condicao de obesidade por meio do consumo de alimentos palataveis e com alto
valor energético se torna mais apropriada (NASCIMENTO et al., 2008).

Como as modificagdes na alimentacdo materna, com aumento na
ingestdo de alimentos hipercaléricos, determinam a suscetibilidade de doencas
na vida adulta, pesquisadores concluiram que a ingestdo de alimentos
hipercaloricos por ratas durante a gravidez e a lactacdo desencadearam na prole
aumento do peso corporal e niveis de colesterol total, bem como resisténcia a
insulina. Os dados demonstram, entdo, que o modelo de obesidade com dietas
que oferecam maior aporte calérico também afeta o metabolismo da prole
(ZHENG et al., 2014).

Sendo assim, a adocado de meios que possam contribuir para o
controle da obesidade e das comorbidades associadas se mostram importantes.

Cirurgia Bariatrica

Como forma de controlar o crescente aumento da obesidade em
todo o mundo, algumas opc¢des de controle de peso séo utilizadas, tais como uso
de farmacos, dieta, intervencdes comportamentais, cirurgias bariatricas e
abordagens que combinam multiplas interven¢des (BEAULAC; SANDRE, 2016).

No entanto, os métodos preventivos da obesidade e as abordagens
farmacoldgicas sdo muitas vezes ineficazes. Nessa direcdo, as abordagens
cirdrgicas surgiram como opcao favoravel para o enfrentamento da doenca.
Embora o método cirargico ideal ainda permaneca controverso, a cirurgia

bariatrica evoluiu consideravelmente se tornando um método eficiente para a
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perda de peso e para a melhora das comorbidades em obesos mérbidos
(JALILVAND et al., 2016; LAGER et al., 2016).

Com relagéo aos tipos de intervencgdes cirurgicas, esses podem ser
divididos em trés categorias: do tipo restritivos, disabsortivos e mistos. As
cirurgias do tipo restritivas consistem na reducdo do volume do estdmago,
reducdo essa que gera sensacado de saciedade com menor quantidade de
alimentos ingeridos. Exemplos desse tipo de cirurgia compreendem o baldo
intragastrico, bandagem géastrica por video e gastroplastia vertical com
bandagem. As cirurgias do tipo disabsortivas, que incluem o desvio duodeno-
jejunal, jejunoileal e biliopancreatico, levam a alteracdes no trato intestinal,
acarretando em diminui¢cao na absorgéo de nutrientes. Por fim, os procedimentos
do tipo misto (Figura 2), envolvem alteragcbes no estdbmago e no intestino,
reduzindo a ingestéo e absorcao dos alimentos. Exemplos desse tipo de cirurgia
sdo a derivagdo gastrica de Y de Roux (DGYR) e a derivagdo gastrica
biliopancreatica-duodenal (DGBP) (DEJARDIN et al., 2004; KARRA; YOUSSEIF;
BATTERHAM, 2010).

Na cirurgia de DGYR, a restricdo é realizada pela remocéao de parte
do estdbmago, reduzindo seu volume e formando uma bolsa gastrica com o
estbmago excluso. A disabsorcao, entdo, € realizada por meio da divisdo do
intestino delgado, dando origem uma alca alimentar (Alca de Roux) e outra
biliopancreéatica (ACQUAFRESCA et al., 2015; ARAPIS et al., 2015).
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Figura 2. Esquema mostrando a cirurgia mista de DGYR, com redug¢&o do volume do
estbmago e desvio da regido intestinal. Seta vermelha demonstrando a alca alimentar
(via de passagem dos alimentos) e seta verde demonstrando a alga bilopancreatica (via
de passagem para as secrecdes do pancreas e figado). (Adaptado Bordalo; Mouréo;
Bressan, 2011).

O uso de modelos experimentais na cirurgia bariatrica, como a
DGYR, é mais barato e pode oferecer conhecimento e compreenséo dos efeitos
fisiolégicos poOs-cirdrgicos. Entretanto, no treinamento de habilidades, requerem
técnicas de microcirurgias e nao representam as mesmas habilidades utilizadas
nas cirurgias humanas (ASHRAFIAN et al., 2010; RAO; RAO; KINI, 2010).

Apesar da cirurgia bariatrica ser uma opcdo no tratamento da
obesidade, alguns riscos associados aos descendentes de maes operadas
podem estar presentes. A prematuridade e menor peso ao nascer Sd0 0s
achados mais comuns dentre os filhos de maes submetidas a cirurgia bariatrica,
no entanto, é preocupante o risco aumentado de anomalias congénitas entre 0s
descentes, vinculados principalmente as deficiéncias nutricionais,
particularmente nas cirurgias disabsortivas (GRAYSON et al., 2013;
JOSEFSSON et al., 2013).

Sabe-se que a cirurgia bariatrica de DGYR acarreta em reducéo na
absorcdo de macronutrientes, como carboidratos e proteinas, o que pode
comprometer o metabolismo das células e tecidos fetais, como o musculo

estriado esquelético, composto principalmente por proteinas (ALVES; DAMASO;
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DAL PAI, 2008; GRAYSON et al., 2013). Todavia, os efeitos da cirurgia bariatrica
nos descentes de maes operadas nao estao totalmente elucidados (MONSON;
JACKSON, 2016).

Musculo estriado esquelético, obesidade e cirurgia bariatrica

Cerca de 40% do corpo humano é constituido por musculo
esquelético, o qual € composto principalmente de agua (75%), proteina (20%) e
substancias como sais inorganicos, minerais, gorduras e carboidratos (5%). Esta
também relacionado com a regulacdo das respostas motoras para o
desempenho de atividades fisicas diarias e manutencéo da postura. Além disso,
ele tem funcéo fisiologica, funcionando como 6rgéo secretor de aminoécidos e
proteinas, chamadas de miocinas, que tém importantes efeitos em outros érgaos
como figado, pancreas, entre outros (Figura 3). Portanto, alteracbes em suas
estruturas acarretam em disfuncbes fisicas e metabdlicas (BIOLO;
CEDERHOLM; MUSCARITOLI, 2014; FRONTERA; OCHALA, 2015; RISSl et al.,
2016).
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Figura 3. Esquema mostrando o musculo esquelético como 6rgédo secretor. Os
musculos produzem e liberam miocinas, que funcionam de forma hormonal e exercem
efeitos enddcrinos especificos em diversos 6rgaos (Adaptado PEDERSEN; FEBBRAIO,
2012).

Dentre as propriedades da fibra muscular destacam-se a sua
capacidade contratil e a presenca de varios ndcleos situados préximos ao
sarcolema. Cada nucleo é responsavel por sintetizar as proteinas especificas
daquela regido celular, determinando, assim, os dominios mionucleares, que séo
altamente regulados; porém, ndo constantes (DAL PAI-SILVA; CARVALHO,
2007; FRONTERA; OCHALA, 2015).

O sarcoplasma da fibra muscular é constituido, além da matriz
citoplasmatica tipica, por miofibrilas. Essas s&o estruturas cilindricas e
alongadas, responsaveis por gerar a contracdo muscular, e sdo formadas por
agrupamentos de filamentos grossos e finos paralelos entre si. Seu padrao de
organizagédo transversal forma as estriagdes transversais do musculo estriado
esquelético, e a disposicdo em unidades idénticas os sarcomeros (Figura 4)
(DAL PAI-SILVA; CARVALHO, 2007; JUNQUEIRA; CARNEIRO, 2013).
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Figura 4: Fibras musculares esqueléticas em corte transversal (Mt) e longitudinal (MI).
Nucleos periféricos das fibras musculares (seta). Endomisio (En). Observar as
estriagdes transversais em corte longitudinal e formato cilindrico em corte transversal
(BRANCALHAO et al., 2016).

A propriedade contratil do tecido muscular ndo depende apenas
das miofibrilas, haja vista que o tecido conjuntivo que o envolve é responsavel
por transmitir a forca de contracdo do musculo para os tenddes e 0ssos, e
representa sua matriz extracelular (DAL PAI-SILVA; CARVALHO, 2007). A
camada que recobre o tecido como um todo € chamada de epimisio; em seu
interior, o tecido conjuntivo forma septos, chamados de perimisio, que o divide
em fasciculos; localizado mais profundamente e circundando cada fibra
muscular individualmente, encontra-se o endomisio. Além da transmisséo da
forca, o tecido conjuntivo tem fungbes de manter as fibras unidas, auxiliando
também na miogénese, regeneracdo e reinervacdo muscular. Remodelagbes
ocorrem em suas estruturas diante de lesdes e de patologias (GILLIES; LIEBER,
2011; MARTINEZ-HUENCHULLAN et al., 2017).

As fibras musculares apresentam caracteristicas funcionais e
morfolégicas distintas entre si (SCHIAFINNO; REGGIANI, 2011). Trés tipos
principais de fibras podem ser encontrados, e a sua classificacdo pode ser feita
de acordo com a reacao para a atividade da ATP (adenosinatrifosfato) miofibrilar.
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As fibras do tipo | tém baixa capacidade de hidrolisar a ATP. Sendo consideradas
fibras de contracao lenta, as fibras do tipo Ilb tém rapida hidrolise da ATP, e sdo
consideradas fibras de contracdo rapida. Ja as fibras do tipo lla respondem de
forma intermediaria na hidrélise da ATP (BROOKE; KAISER, 1970; DAL PAI-
SILVA; CARVALHO, 2007).

As isoformas da cadeia pesada da miosina sdo o principal
determinante na velocidade de contracdo, de forca e de gasto energético das
fibras musculares. As fibras do tipo | contém maior quantidade de cadeias
pesadas de miosina com isoforma do tipo |, j& as fibras do tipo Il contém maior
guantidade de cadeia pesada com isoforma de miosina do tipo Il. A diferenca no
gasto de energia corresponde a utlizagdo da glicose ou gordura como
combustivel para gerar contragdo. Dessa forma, as fibras do tipo | séo fibras de
contracdo lenta e utilizam de acidos graxos como fonte de energia, em
contrapartida as fibras do tipo Il apresentam contracao rapida utilizando a glicose
como fonte de energia (BALDWIN et al., 2011).

Essas propriedades estruturais e funcionais das fibras s&o
chamadas de fenoétipo da fibra, e podem sofrer influéncia diante patologias, acéo
hormonal e neural, sendo a neuroatividade um dos principais determinantes do
tipo de fibora (FRONTERA; OCHALA, 2015; SCHIAFINNO; REGGIANI, 2011).

A conexao sinaptica entre neurdnios motores e fibras musculares
€ chamada de Juncdo Neuromuscular (JNM, doravante) (BLOCH-GALLEGO,
2015). A JNM é responsavel pela transmissao quimica a partir do impulso elétrico
no nervo para o musculo, gerando a contracdo muscular. Sua arquitetura
especializada permite a liberacdo do neurotransmissor acetilcolina (ACh) para
desencadear o mecanismo de contracdo muscular (FAGERLUND; ERIKSSON,
2009).

A membrana pré-sinaptica da JNM consiste no neurdnio motor, que
tem seu corpo celular no corno anterior da medula espinal e se projeta por meio
de seus axdnios mielinicos para inervar a fibra muscular; em sua parte terminal,
0s axbnios apresentam o neurotransmissor ACh. Ao se aproximar do musculo,
o neurdnio motor perde sua bainha de mielina, sendo envolto apenas pela célula

de Schwan. A fenda sinaptica € o espacgo existente entre a membrana pré-
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sinaptica (terminal axonal) e a membrana pds-sinaptica (fibora muscular), onde
ocorre a degradacdo da ACh pela acetilcolinesterase. A membrana pos-sinaptica
corresponde a membrana do musculo, que contém ondulac¢des ou invaginacoes,
correspondentes as dobras juncionais, local onde estdo localizados os
receptores para ACh (Figura 5) (FAGERLUND; ERIKSSON, 2009).
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Figura 5: Jungdo Neuromuscular. Em (A) terminal axonal de um neurdnio motor e seu
contato com a membrana da fibra muscular, formando a JNM; fenda sinaptica, local
onde ocorre a liberacdo do neurotransmissor ACh; (B) ACh difundindo-se por meio da
fenda sinaptica e ligando-se aos receptores na membrana pés-sinaptica (Adaptado,
MARIEB; HOEHN, 2009).

A integridade morfologica e funcional do tecido muscular tém
relacdo direta com a saude do individuo. Nesse sentido, entender os
mecanismos fisioldgicos e patoldgicos aos quais os musculos estdo submetidos
é imprescindivel no que concerne & homeostase organica (BENTON; WHYTE;
DYAL, 2011). Respostas adaptativas ocorrem em seu metabolismo e fungéo em
resposta a estimulos externos, como carga mecanica, hipoxia e nutricdo
(SILVENNOINEN et al., 2013). Tanto a desnutricdo (ALVES; DAMASO; DAL-
PAI, 2008) como a obesidade (KELLEY; GOODPASTER, 2001) promovem
alteracdes nas caracteristicas morfolégicas, metabdlicas e contrateis das fibras
musculares.

O acumulo de gordura intramuscular libera mediadores pro-
inflamatorios sistémicos e locais como a interleucina 6 (IL-6) e fator de necrose
tumoral (TNF-a), que, além da inflamagdo local, combinado com fatores

mecanicos, acarreta em prejuizo musculoesquelético como  dor
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musculoesquelética e osteoartrite, resultando em consequéncias ocupacionais e
de estilo de vida (EL-KHANI et al., 2014).

Em individuos obesos, o aumento do volume muscular leva ao
musculo cumprir suas funcdes com atividade reduzida, gerando alteracdes
morfolégicas e bioquimicas, interferindo no desempenho e contratilidade
muscular (KEMP et al., 2009). O aumento de adiposidade acarreta em mudancas
na composicdo das fibras musculares, individuos obesos apresentam menor
proporcao de fibras do tipo | (DENIES et al., 2014; HICKEY et al., 1995; TANNER
et al., 2002; WADE; MARBUT; ROUND, 1990), o que, por sua vez, resulta em
funcdo metabdlica deficiente (DENIES et al., 2014). Em humanos obesos,
pesquisadores também encontraram menor proporcdo de fibras do tipo I, e
individuos obesos que apresentaram maior proporcao de fibras do tipo | tendem
a perder mais peso apos cirurgia bariatrica (TANNER et al., 2002).

A alimentagdo com maior aporte calérico também promove
alteracdes morfoldgicas nas fibras musculares. Pesquisadores observaram em
camundongos reducdo da area, do niumero de células satélites e de nucleos das
fibras musculares do musculo gastrocnémio apés exposicao a dieta hiperlipidica
(LEE et al.,, 2015). Foi observada, ainda, atrofia significativa do musculo
gastrocnémio de ratos Wistar submetidos a dieta de cafeteria, com reduc¢éo na
area transversal e apoptose da fibra muscular (SISHI et al., 2010).

Sendo o musculo esquelético um tecido com capacidade dinamica,
a inducao da obesidade fornece um modelo importante para estudos de como
as disfungbes musculares contribuem para certas doengas, sobretudo, para
entender como essas condi¢des afetam o proprio musculo (DENIES et al., 2014).

Estudos que avaliem os aspectos morfologicos das fibras
musculares apoés cirurgias bariatricas sdo escassos. Ulsenheimer et al. (2017)
observaram reducdo do colageno no diafragma de ratos obesos submetidos a
derivacdo duodeno-jejunal (DDJ). A avaliagdo ultraestrutural também
demonstrou desorganizacao das miofibrilas e linha Z, presenca de goticulas de
gordura nos ratos obesos expostos a falsa operacdo e de ratos obesos

submetidos a DDJ.
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Sabendo-se que o feto € um reflexo da nutricAo e composicéo
corporal, dos suprimentos e da energia recebida da mae (RIBEIRO et al., 2015),
e que perturbacdes durante o periodo gestacional podem resultar em
anormalidades metabdlicas, por meio da programacdo metabdlica (DESAI;
JELLYMAN; ROSS, 2015) e que o musculo estriado esquelético desempenha
papel chave nas atividades metabdlicas e fisicas do individuo, entender o
comportamento das fibras musculares na obesidade e ap6s as intervencdes
bariatricas podem ajudar a compreender como essas condi¢cdes afetam, néo

somente o musculo, mas também as funcdes por ele desempenhadas.
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ABSTRACT

Objective: To evaluate the morphology and morphometry of muscle fibers and
neuromuscular junctions (NMJs) of the extensor digitorum longus muscle (EDL)
in the offspring of obese rats induced by a cafeteria diet. Methods: Three-week-
old female Wistar rats were randomly divided into two groups: a control (CTL)
group that received a standard diet and an obese (OB) group that received a
cafeteria diet. The animals were mated at 23 weeks of age. After birth, only males
were used for the experiment. The offspring of the first generation (F1) were
designated CTL-F1 and OB-F1 according to the treatment of the mothers and
received the standard diet. The animals were euthanized at 17 weeks of age and
the EDL muscle was collected and routinely processed for morphological and
morphometric analysis by light microscopy and transmission electron
microscopy. Results: The body weight, retroperitoneal and periepididymal fat
weight and capillary/fiber ratio were higher in the OB-F1 group compared to CTL-
F1. However, a reduction in the number of nuclei, connective tissue,
ultrastructural parameters, and NMJ area and largest diameter o was observed
in the OB-F1 group. Conclusion: Feeding mothers an obesogenic diet
throughout life induces morphological and morphometric changes in the skeletal

muscle fibers and NMJs of their offspring in later life.

Keywords: Obesity, Skeletal Muscle Fibers, Neuromuscular Junction,

Microscopy, Fetal Development
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INTRODUCTION

Obesity is a multifactorial disease that has reached epidemic proportions
in Brazil and in the world (DE LORENZO, 2016; IBGE, 2010). In addition to a
sedentary lifestyle and the habit of consuming hypercaloric diets, a new concept
has emerged that helps understand the obesity epidemic. This concept, known
as “Developmental origins of health and disease” (DOHad), postulates that
insults during fetal life can lead to the development of diseases in adult life
(HEINDEL and VANDENBERG, 2015). According to this concept, a hypercaloric
maternal diet during pregnancy and lactation increases the risk of offspring
developing obesity, metabolic syndrome and type 2 diabetes mellitus through
metabolic programming (BARKER, 2004).

Skeletal muscle tissue is the most abundant tissue in the body that has
important physical and metabolic functions (LE et al., 2014). The
morphofunctional properties of skeletal muscle are determined during
embryogenesis and the fetal period is therefore crucial to its development.
Maternal obesity has been shown to compromise fetal muscle development by
affecting the differentiation of mesenchymal cells (DU et al., 2010). However,
there are no data in the literature on the effects of maternal obesity on skeletal
muscle fiber morphology in the offspring. The objective of the present study was
to evaluate the morphology and morphometry of muscle fibers and
neuromuscular junctions (NMJs) of the extensor digitorum longus (EDL) muscle

in the offspring of obese rats induced by a cafeteria diet.
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MATERIALS AND METHODS

The study was conducted at the Laboratory of Endocrine Physiology and
Metabolism, Sectorial Animal House, Center for Biological and Health Sciences,
and at the Experimental Laboratory of Morphology, Universidade Estadual do
Oeste do Parana, Cascavel Campus, in collaboration with the Center for Electron
Microscopy, Universidade Estadual Paulista “Julio de Mesquita Filho” (UNESP),
Botucatu Campus. All adopted procedures were approved by the Ethics
Committee on Animal Use of Universidade Estadual do Oeste do Parana, and

were conducted in accordance with animal research guidelines.

Experimental procedure — dams

First, 27 female Wistar rats at 3 weeks of age were randomly divided into
two groups. The control group (CTL; n = 13) received standard rat chow (3.8
kcal/g: 70% carbohydrate, 20% protein, and 10% fat) (BioBase, Brazil) and water
ad libitum. The obese group (OB; n = 14) received, in addition to the standard
diet, a cafeteria diet (5.4 kcal/g: 38.5% carbohydrate, 15% protein, and 46.5%
fat) (Goularte et al., 2012), with some modifications (Table 1), and 350 ml/day
degassed Coca-Cola (Coca-Cola, Brazil) or Guarana. The animals were
maintained at a room temperature of 23+2°C under a 12h photoperiod. After 20
weeks of feeding the diets, the dams of the two groups were mated at a ratio of

two females per male.
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Experimental procedure — offspring
Animals

Six pups per litter were maintained at birth. After 30 days, the offspring
were separated from the dams and only males were used for the experiments.
The offspring of the first generation (F1) were designated CTL-F1 (n=7) and OB-
F1 (n = 7) according to the treatment of the mothers. All animals received the

standard diet from weaning until euthanasia.

Evaluation of weight and obesity and collection of extensor digitorum longus
muscle

The animals were euthanized at 17 weeks of age. The body weight and
retroperitoneal and periepididymal fat weight were used for the evaluation of
obesity.

For collection of EDL muscle, the skin of the hind limb was separated and
the tibialis anterior muscle was removed for dissection of the EDL. The length
(mm) of the muscle was measured with a digital caliper (Digimess®, Sao Paulo,
Brazil) and the muscle was weighed. The muscle was then cut into fragments
with a stainless-steel blade for subsequent histological study, histoenzymological

analysis of muscle fibers, and histochemical study of NMJs.

Study of muscle fibers
For the study of muscle fibers, the distal fragments of the right antimere of
the EDL muscle were removed and kept for 30-40 min at room temperature

(KHAN, 1977). For tissue preservation, the material was covered with neutral talc
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(MOLINE et al., 1964), frozen in liquid nitrogen for 2 min, and stored in a
biofreezer at -80°C. The frozen muscle fragments were transferred to a cryostat
chamber (LUPETEC CM 2850 Cryostat Microtome) at -30°C and kept for 30 min.
Next, one end of the fragments was fixed to a metal support with Jung Tissue
Freezing Medium (Leica, Germany) and cut transversely at intervals of 7 um. The
sections obtained were submitted to specific staining methods and reactions for

muscle fiber analysis as described below.

Histological study

Cross-sections of the EDL muscle were stained with hematoxylin-eosin
(HE) according to the technique of Junqueira et al. (1983) to determine the
number of nuclei, number and area of muscle fibers, number of capillaries, and
the capillary/fiber ratio. Ten microscopic fields (40X objective) were analyzed per
animal. For nucleus count, fiber count and fiber area, only intact fibers in the
microscopic fields were considered. For capillary count and capillary/fiber ratio,
muscle fibers covering the upper and right margins were included in the count,
while those present at the lower and left margins were excluded from the analysis.
The counts were performed individually by two trained evaluators and the mean

of the values obtained was used for analysis (FERNANDES et al., 2012).

Histoenzymological and morphometric study
The oxidative and glycolytic metabolism of muscle fibers was evaluated by
the nicotinamide adenine dinucleotide-tetrazolium reductase (NADH-TR)

reaction as described by Pearse (1972) and modified by Dubowitz et al. (1973).
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For morphometry, the cross-sectional area of the EDL muscle obtained from the
histoenzymological study was measured and the different muscle fiber types (I,
lla, and llb) were quantified. Two microscopic fields per animal were randomly

chosen (20X objective).

Study of connective tissue

For connective tissue analysis, the proximal fragments of the right
antimere of the EDL muscle were fixed in buffered formalin and stored in 70%
alcohol for subsequent histological processing consisting of dehydration in an
increasing alcohol series, clearance in xylene, and embedding in paraplast. The
embedded muscles were cut with a microtome into 7-um sections and stained
with Masson’s trichrome for the measurement of connective tissue percentage
(endomysium and perimysium). This percentage was calculated by the number
of pixels (BOSI et al., 2008) in 10 random microscopic fields per animal (40X

objective).

Ultrastructural study of muscle fibers

For ultrastructural analysis of muscle fibers, distal fragments of the left
antimere of the EDL muscle were removed and fixed in Karnovsky solution
(KARNOVSKY, 1965). The material was cut into longitudinal sections of
approximately 1 mm, washed in 0.1 M phosphate buffer, pH 7.3 (15 min), and
post-fixed in 1% osmium tetroxide in the same buffer (2 h). Next, the sections
were washed in distilled water (3 times for 5 min), incubated with 0.5% uranyl

acetate in aqueous solution (2h), dehydrated in an increasing acetone series, and
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immersed in a mixture of resin and 100% acetone (12 h) for subsequent resin
embedding. The desired fields were selected in semi-thin sections (0.5 pm) and
ultrathin sections (90 nm) were cut with an ultramicrotome (Ultracut UCT, Leica®,
Germany). The ultrathin sections were stained with a saturated solution of uranyl

acetate (20 min) and lead citrate (10 min) for subsequent analysis.

Histochemical and morphometric study of neuromuscular junctions

For morphological and morphometric analysis of NMJs, proximal
fragments of the left antimere of the EDL muscle were removed, immersed in
Karnovsky solution (KARNOVSKY, 1965) at room temperature, and cut
longitudinally into three or four pieces with a stainless-steel blade. The sections
obtained were submitted to the nonspecific esterase reaction (LEHRER;
ORNSTEIN, 1959).

For morphometric analysis, the area and largest and smallest diameters
of 100 NMJs per animal were measured on the microscopic images (20X

objective).

Image analysis

The morphological and morphometric analyses of muscle fibers and NMJs
were performed on images captured with an Olympus Bx60® microscope coupled
to an Olympus DP71 camera (Tokyo, Japan) using the DP Controller 3.2.1 276
program. For ultrastructural analysis, the material obtained was examined and

photographed under a transmission electron microscope (CM100, Philips®, The
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Netherlands). The Image Pro Plus 6.0® program (Media Cybernetics, Maryland,

USA) was used for the analyses.

Statistical analysis

The ultrastructural data were analyzed descriptively. The remaining data
were submitted to statistical analysis using the GraphPad Prism® program (La
Jolla, USA), considering the results of the Kolmogorov-Smirnov test for normality.
Normally distributed data were compared by the Student t-test, while data
following a non-normal distribution were analyzed by the nonparametric Mann-

Whitney test. A p value p < 0.05 was considered significant.

RESULTS
Macroscopic parameters

As can be seen in Table 2, animals of the OB-F1 group exhibited an
increase of 10% in body weight (p = 0.05), of 88% in retroperitoneal fat (p < 0.0),
of 43% in periepididymal fat (p = 0.016), and of 3% in the Lee index (p = 0.035)
compared to the CTL-F1 group. There was no significant difference in naso-anal
length (p = 1.0), EDL muscle weight (p = 0.278), or EDL muscle length (p = 0.256)

between the groups studied (Table 2).

Morphology and morphometry of muscle fibers and collagen
The general architecture of muscle fibers of the EDL muscle was
preserved in the groups studied (CTL-F1 and OB-F1), with the observation of

multinucleated polygonal fibers with peripheral nuclei organized in fascicles and
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capillaries intermingled with endomysial and perimysial connective tissue (Figure
1A and 1B).

Morphometry of HE-stained muscle fibers revealed no significant
differences in the area (p = 0.972) or number of fibers (p = 0.152) between the
groups studied. However, there were 19% fewer nuclei in the OB-F1 group
compared to CTL-F1 (p = 0.03), but no significant difference was found in the
nucleus/fiber ratio (p = 0.605). Regarding capillary, no difference was observed
in the number of capillaries (p = 0.871), but the capillary/fiber ratio was increased
by 15% in the OB-F1 group when compared to CTL-F1 (p = 0.004) (Table 3).

Connective tissue was analyzed by staining with Masson’s trichrome
(Figure 1C and 1D). Analysis of its percentage revealed a 32% reduction in the
OB-F1 group compared to CTL-F1 (p = 0.0002) (Table 3).

The muscle fibers were classified as proposed by Brooke and Kaiser
(1970) into type I, lla and lIb fibers. The NADH-TR reaction evidenced type |
fibers (smaller diameter and intense oxidative activity), type lla fiber (intermediate
diameter and intermediate oxidative activity), and type llb fibers (larger diameter
and weak oxidative activity) in the two groups (Figure 2A and 2B). No significant
differences in the area or number of the different fiber types were found between

the groups studied (Figure 2C and 2D).

Ultrastructural analysis
Ultrastructural assessment by transmission electron microscopy showed
a well-defined morphology. The muscle fibers were organized in sarcomeres

following the striated pattern of light and dark bands (I-band and A-band,
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respectively) in the CTL-F1 and OB-F1 groups (Figure 3A and 3B). Increased
myofibrillar disorganization and increased disorganization and dissolution of the

Z-line were observed in the OB-F1 group (Figure 3B).

Analysis of neuromuscular junctions

The NMJs of the groups studied were polymorphic and had a round, oval
and elliptical shape (Figure 4A and 4B). Morphometric analysis showed a
reduction of 17% in NMJ area (p < 0.001) and of 12% in the largest diameter (p
< 0.001) in the OB-F1 group when compared to CTL-F1. The smallest diameter

was similar in the two groups (p = 0.118) (Figure 4C, 4D, and 4E).

DISCUSSION

Pregnancy is a physiological state characterized by a complex anatomical
and functional interaction between the mother and fetus (LEIVA et al., 2011).
Human and animal studies have shown that exposure to disturbances during this
period can affect fetal development, resulting in metabolic abnormalities (DESAI
et al.,, 2015; SHARPLES et al.,, 2016). This concept, known as metabolic
programming, is associated with epigenetic alterations (DESAI et al., 2015).
However, the underlying mechanisms are still unclear.

In the present study, an increase in the Lee index, body weight and
retroperitoneal and periepididymal fat weight was observed in OB-F1 animals
when compared to the CTL-F1 group. Studies have shown that maternal obesity
during pregnancy causes excess weight in animals (ZHENG et al., 2014) and

children (PIRKOLA et al., 2010; RIBEIRO et al., 2015). These findings might be
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related to placental and endothelial alterations (PARLEE and MACDOUGLAD,
2014). The placenta of obese mothers contains inflammatory markers that
promote vasodilation and overproduction of nitric oxide in the endothelium,
increasing its permeability. This placental dysfunction is the key mechanism in
the future development of metabolic syndrome (LEIVA et al., 2011).

Skeletal muscle has the ability to remodel itself and adapt in response to
functional demands and diseases such as obesity (KEMP et al., 2009). Adult rats
receiving a hypercaloric diet exhibit a reduction in muscle weight and in muscle
fiber cross-sectional area (LE et al., 2014; LEE et al., 2015). However, studies on
offspring are still sparse and the present investigation is the first to evaluate the
effects of maternal obesity on the morphology and morphometry of muscle fibers
and NMJs in adult offspring.

Bayol et al. (2005) demonstrated a reduction in the number of muscle
fibers and cross-sectional fiber area in offspring born to obese mothers. In the
present study, the area and number of muscle fibers were similar in the two
groups, but a reduction in the number of nuclei was observed in the OB-F1 group.
The number of nuclei is related to cell volume and is responsible for a specific
but not fixed amount of sarcoplasm. A reduction in cell volume requires less
protein and myofibrils respond by eliminating their nuclei (TEIXEIRA and
DUARTE, 2001). Although no difference in muscle fiber area was observed, it
may have recovered its volume until adult age.

One of the determinant factors of muscle fiber integrity is capillarity. In the
present study, the capillary/fiber ratio was increased by 13% in the OB-F1 group.

This increase is related to a greater supply of oxygen to the muscle fiber, which



56

Is important for maintaining the metabolic activities of the muscle (DEGENS and
ALWAYS, 2006). Hypercaloric diets require greater oxygen supply and the
increase in capillarity is probably an adaptation to insufficient oxygen transport
(SILVENNOINEN et al., 2013).

Structural support and protection of muscle tissue are the functions of the
extracellular matrix, which is mediated by connective tissue (CARMELI et al.,
2004). A reduction in the percentage of connective tissue was observed in EDL
muscle of OB-F1 animals. This finding might be associated with an increase in
matrix metalloproteinases (MMPs), particularly MMP-2 and MMP-9, enzymes
involved in the degradation of collagen (CHEN and LI, 2009). MMPs have been
found to be increased in inflammatory processes (CARMELI et al., 2009) and it
has been shown that maternal obesity is associated with inflammatory responses
in the offspring (TONG et al., 2009).

Obesity also interferes with the different muscle fiber types, with the
observation of a smaller number of type | fibers and a predominance of type Il
fibers in obese individuals. Fibers type Il participate in the storage of lipids in
skeletal muscle (TANNER et al., 2002). There are no reports in the literature
investigating the effects on different fiber types in the offspring. Thus, this is the
first study demonstrating a similar area and similar number of the different fiber
types in rat offspring born to obese and control dams. Moreover, myofibrillar
disorganization and Z-line disorganization and dissolution were observed in the
OB-F1 group. These findings might be explained by the protein deficit of the
cafeteria diet administered during pregnancy and lactation, which may

compromise normal myofibrillar arrangement (JERONIMO et al., 2016).
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Myofibrillar disorganization, Z-line disorganization and lipid accumulation were
also found in the diaphragm of obese rats (ULSENHEIMER et al., 2017).

Obesity is characterized by chronic inflammation and elevated levels of
inflammatory markers such as interleukin 6 (IL-6). Excessive expression of this
marker is implicated in the negative regulation of insulin-like growth factor 1 (IGF-
1) (MAGGIO et al., 2013). IGF-1 plays an important role in the growth and
differentiation of skeletal muscle, as well as in the neuromuscular system
(CARONI, 1993). In the present study, the area and largest diameter of NMJs
were reduced in the OB-F1 group. It is suggested that the increase of IL-6 may
reduce IGF-1 signaling in the NMJ, consequently affecting its development.

This study demonstrated damage to skeletal muscle tissue in offspring of
dams exposed to an obesogenic diet. This knowledge is important for the
development of strategies to combat obesity in order to prevent its consequences
in the offspring.

In conclusion, the results indicate that feeding mothers an obesogenic diet
throughout life induces morphological and morphometric changes in the skeletal
muscle fibers and NMJs of their offspring in later life, including a reduction in the
number of nuclei, collagen and NMJ area and largest diameter, and an increase
in capillary/fiber ratio. Maternal obesity also altered muscle fiber ultrastructure in
the offspring. These findings highlight the importance of obesity prevention since

this condition may not only affect obese individuals but also their offspring.
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Table 1. Nutritional composition of the ingredients of the cafeteria diet.

Energy Carbohydrates Protein Fat Sodium

(kcal/100 g) (9/100 g) (9/200g) (g/100g) (mg/100 g)

Standard chow 295 70 20 10 0
(BioBase, Brazil)?

Salami 415 0.56 35 30 2.000
(Sadia, Brazil)®

332 64 6.8 6 356
Bread roll
(Nutrella, Brazil)®
Bacon-flavored snack 496 56 7.6 16 1.036
(Troféu, Santa Helena,
Brazil)®
Mixed sausage 320 0 18 28 1.574
(Sadia, Brazil)®
Chocolate cake 381 55 4.1 16.2 173.3
(Renata, Selmi, Brazil)b
Corn snack 125 17 1.6 5.6 99
(Cheetos, Pepsico,
Brazil)®
Mortadella 317 9.5 13.2 16 2.112.5
(Frimesa, Brazil)®
Marshmallow 330 80 5 0 47.5
(Fini, Brazil)®
Corn flour biscuits 440 80 11 5 333
(Zadimel, Brazil)®
Chocolate wafers 523 63 5 27 177

(Bauduco, Brazil)®

aData provided by the manufacturer. b Data obtained from the packaging.
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Table 2. Macroscopic parameters of rat offspring born to control dams (CTL-F1)

and to obese dams (OB-F1) at 17 weeks of age.

Parameter CTL-F1(n=7) OB-F1(n=7)
Body weight (g)? 382.1+ 24.71 420.0 + 40.11*
EDL muscle weight (g)? 0.16 £0.01 0.18£0.01
EDL muscle length (mm)? 26.15 + 3.30 24.45 +1.87
Retroperitoneal fat (g)® 2.29+0.83 4.31+0.82*
Periepididymal fat (g)? 3.51+£0.67 5.01 £ 1.24*
Naso-anal length (cm)® 22.93+0.53 23.0+£0.28
Lee index® 315.7 +8.11 325.9 + 7.92*

Values are expressed as the mean * standard deviation. 2 Student t-test. ® Mann-Whitney test.

*p £0.05; ** p <0.001.
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Table 3. Microscopic parameters of the EDL muscle of rat offspring born to

control dams (CTL-F1) and to obese dams (OB-F1) at 17 weeks of age.

Parameter CTL-F1 (n=7) OB-F1(n=7)
Fiber area (um?) 1.37 +232.0 1.38. £ 295.7
Number of fibers 149.9 + 33.71 125.9 + 24.35
Number of nuclei 229.9 + 41.36 185.3 + 24.86*
Nucleus/fiber ratio 1.54+0.19 1.49+0.20
Number of capillaries 294.9 £ 35.59 291.7 + 35.68
Capillary/fiber ratio 1.23 +0.09 1.42 + 0.09**
% Connective tissue 6.73 £ 0.87 4.57 = 0.68***

Values are expressed as the mean + standard deviation. Student t-test. * p < 0.05; ** p < 0.005;

***p < 0.0005.
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Figures

Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure legends

Figure 1. Photomicrographs of the extensor digitorum longus muscle of Wistar
rats at 17 weeks of age. Cross-section. A and B: Muscle fibers (asterisk),
peripheral nuclei (white arrow), and blood capillaries (black arrow) in rat offspring
born to control dams (CTL-F1) and to obese dams (OB-F1), respectively. HE. C
and D: Perimysium (asterisk) in CTL-F1 and OB-F1, respectively. Masson’s

trichrome.

Figure 2. Photomicrographs of the extensor digitorum longus muscle of Wistar
rats at 17 weeks of age. Cross-section, NADH-TR reaction. A and B: Types |, lla
and llb muscle fibers in rat offspring born to control dams (CTL-F1) and to obese
dams (OB-F1), respectively. C and D: Area and number of the different muscle
fibers types in animals of the CTL-F1 and OB-F1 groups. Values are expressed

as the mean = standard deviation. Student t-test.

Figure 3. Electron micrographs of the extensor digitorum longus muscle of Wistar
rats at 17 weeks of age. Longitudinal section. A: Preserved muscle fiber with
organized sarcomere (S), A-band (A), I-band (1), and Z-line (white arrow). Rat
offspring born to control dams (CTL-F1). B: Muscle fiber showing disorganization
of the Z-line (white arrow), myofibrillar disorganization (key), and dissolution of

the Z-line (arrowhead). Rat offspring born to obese dams (OB-F1).
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Figure 4. Photomicrographs of the neuromuscular junctions (NMJs) of the
extensor digitorum longus muscle of Wistar rats at 17 weeks of age. Longitudinal
section, nonspecific esterase reaction. A and B: Observe the morphological
characteristics of NMJs in rat offspring born to control dams (CTL-F1) and
offspring born to obese dams (OB-F1), respectively. C, D and E: Area, largest
diameter and smallest diameter of NMJs in animals of the CTL-F1 and OB-F1
groups. Values are expressed as the mean + standard deviation. Student t-test.

**% 1) < 0.0006.
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ARTIGO CIENTIFICO 2
SUBMETIDO A REVISTA OBESITY SURGERY (ANEXO C)

ALTERACOES MORFOLOGICAS DA CIRURGIA BARIATRICA
NO MUSCULO EXTENSOR LONGO DOS DEDOS NA PROLE DE
RATAS OBESAS
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Resumo

Introducdo: Perturbacdes durante o periodo fetal podem resultar em anormalidades
metabdlicas, através da programacao metabdlica, dentre elas a obesidade. Com intuito de
reduzir seus efeitos, as cirurgias bariatricas surgem como op¢éo para seu enfrentamento.
Entretanto, os efeitos de tais procedimentos nos descentes de maes operadas ainda é
escasso. Assim, o objetivo deste estudo foi avaliar os efeitos da cirurgia de derivagédo
géstricaem Y de Roux (DGYR) na morfologia da fibra muscular e jungdo neuromuscular
(JNM) da prole de ratas submetidas 8 DGYR. Métodos: Ratas Wistar de trés semanas de
vida foram separadas aleatoriamente em dois grupos: 1) CAF FO que recebeu dieta de
cafeteria e foi submetida a falsa operacdo e 2) CAF DGYR, que recebeu dieta de cafeteria
e foi submetida a DGYR. A prole da primeira geragcdo (F1) foi nomeada conforme o
tratamento das maes em CAF FO-F1 e CAF DGYR-F1, os machos foram selecionados e
tratados com dieta padrdo ap6s o desmame. Com 17 semanas 0s animais foram
eutanasiados e 0 musculo extensor longo dos dedos (ELD) coletado para processamento
de rotina em microscopia de luz e microscopia eletrénica de transmissdo, para anélise
morfolégica e morfométrica. Resultados: O grupo CAF DGYR-F1 apresentou reducgéo
do peso do ELD, area das fibras e relacdo nucleo/fibra. Ainda aumento no nimero de
fibras do tipo I e lla e do numero de capilares, assim como alteracbes morfologicas na
ultraestrutura e reducdo na area das JNMs. Conclusdo: A cirurgia de DGYR expdem a
prole, através da programacdo metabdlica, a efeitos degenerativos na morfologia do

tecido muscular esquelético.

Palavras-chave: Obesidade, Derivacdo em Y de Roux, Fibras musculares esqueléticas,

Juncédo neuromuscular, Desenvolvimento fetal.
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INTRODUCAO
A preocupagédo com as doengas que acometem os adultos e sua relagdo com a vida

uterina vem se destacando, pois, perturba¢fes no periodo fetal podem resultar em
alteracbes metabdlicas na vida adulta, atraves da programacdo metabdlica [1-3]. De alta
prevaléncia na populacdo mundial, a obesidade resulta em impactos negativos na saide
humana, desencadeando as comorbidades que podem ser transmitidas a futuras geracgoes
[4-6].

Nesse contexto, a cirurgia bariatrica surge como op¢do no enfrentamento da
obesidade e suas comorbidades [7]. A cirurgia de derivacdo gastrica em Y de Roux
(DGYR) é considerada padréo ouro entre as cirurgias [8, 9]. Entretanto, seus efeitos nos
descentes de mées operadas ndo estdo totalmente elucidados [10].

Por ser um tecido altamente dindmico com capacidade de se remodelar e possuir
funcdo fisioldgica, atuando como 6rgdo secretor de miocinas e tendo importante efeito
em demais 6rgdos, alteracdes na estrutura do musculo estriado esquelético, pode acarretar
em disfuncdes fisicas e metabdlicas [11, 12]. Dessa forma, o objetivo deste estudo foi
avaliar os efeitos da cirurgia bariatrica de DGYR na morfologia da fibra muscular
esquelética e juncdo neuromuscular (JNM) da prole de ratas obesas submetidas a DGYR.

METODOLOGIA
Procedimento experimental com as ratas progenitoras

Os procedimentos adotados neste estudo, foram aprovados pelo Comité de Etica
no Uso de Animais (CEUA) da Unioeste, sequindo as normas para experimentacao
animal. Foram utilizadas 32 ratas da linhagem Wistar com trés semanas de vida, mantidas
em ambiente com temperatura de 23+£2°C e fotoperiodo de 12 horas que receberam além
da dieta padréo para ratos (BioBase, Brasil- 3,8 Kcal/g: 70% de carboidrato, 20% de

proteina e 10% de gordura), dieta de cafeteria, segundo Goularte, Ferreira, Sanvitto [13]
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(5,4 kcal/g (38,5% de carboidratos, 15% de proteina e 46,5% de gordura), com algumas
modificagdes (Tabela 1) durante todo experimento. Com 18 semanas de vida as ratas
foram separadas aleatoriamente em grupo cafeteria falsa operagdo CAF FO (n=14) que
foi submetido a falsa operacdo e Cafeteria Derivacdo gastricaem Y de Roux DGYR (CAF
DGYR) (n=18) que foi realizado a cirurgia de Derivacao Gastricaem Y de Roux (DGYR).
Os cuidados pré e peri operatorios foram realizados segundo Meguid e colaboradores
[14].

A cirurgia de falsa operagdo consistiu em laparotomia exploratria com
massagens nas alcas intestinais. A cirurgia de DGYR consistiu em redugao do volume do
estdmago e desvio no trato intestinal em reconstrucdo de Y de Roux [15].

O cruzamento dos animais ocorreu com 23 semanas na proporc¢do de um macho
para duas fémeas.

Procedimento experimental com a prole
Animais

O nascimento foi considerado o dia 0 pés-natal e o desmame ocorreu com trés
semanas, somente os machos foram utilizados para o experimento. A prole obtida (F1)
foi nomeada conforme o tratamento das ratas progenitoras em: CAF FO-F1 (n=8) e CAF
DGYR-F1 (n=8). Todos os animais da prole receberam dieta padrdo desde o desmame
até a eutanasia.

Avaliacdo do peso, obesidade e coleta do musculo extensor longo dos dedos

Com 17 semanas de vida os animais foram eutanasiados. Para avaliacdo da
obesidade, foi utilizado o peso na eutanasia, peso das gorduras retroperitoneal e
periepididimal. O musculo ELD foi coletado, teve seu comprimento (mm) mensurado
com o auxilio de um paquimetro digital (Digimess®, Sdo Paulo, Brasil) e pesado em

balanga digital.
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Estudo das fibras musculares

Fragmentos distais do antimero direito do mdsculo ELD foram congelados em
nitrogénio liquido durante dois minutos e armazenado em Biofreezer a -80 °C. Os cortes
transversais de sete um de espessura foram realizados em cdmara de criostato (LUPETEC
CM 2850 Cryostat Microtome). Sendo submetidos, posteriormente a métodos de
coloracdes e reacdes para o estudo das fibras musculares, conforme descrito a seguir.

Estudo Histologico
SecgBes transversais do muasculo ELD foram submetidas a coloracéo

Hematoxilina-Eosina (HE), conforme técnica de Junqueira e Junqueira [16], permitindo
a contagem dos nucleos; contagem e area das fibras musculares; contagem dos capilares
e relacdo capilar/fibra, sendo utilizada a analise de 10 campos microscopicos (objetiva de
40X) para cada animal. Para contagem dos ndcleos, contagem das fibras e &rea das fibras,
foram consideradas somente as fibras inteiras dos campos microscépicos. Para contagem
dos capilares e relacdo capilar/fibra, foram consideradas somente as fibras musculares
que abrangeram as margens superior e direita, as fibras musculares que tocassem as
margens inferior e esquerda foram excluidas.

Estudo histoenzimoldgico e morfométrico

O metabolismo oxidativo e glicolitico das fibras musculares foi analisado através
da reacdo NADH-TR (Nicotinamida Adenina Dinucleotideo - Tetrazolium Reductase),
conforme técnica de Pearse [17], modificada por Dubowitz e Brooke [18].

A andlise morfométrica das fibras musculares permitiu a mensuracdo da area e
quantificacdo dos diferentes tipos de fibras musculares (I, lla e Ilb). Para cada animal

foram escolhidos dois campos microscopicos aleatoriamente (objetiva de 20X).
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Estudo do tecido conjuntivo intramuscular

Fragmentos proximais do antimero direito do musculo ELD foram fixados em
formol tamponado para processamento histoldgico e incluidos em paraplast. Em seguida,
os musculos foram emblocados, submetidos a microtomia transversal de sete um de
espessura e corados com Tricobmico de Masson para analise do conjuntivo. Foi realizada
a mensuracdo da porcentagem do tecido conjuntivo em dois campos microscopicos
aleatorios por animal (objetiva de 20X).

Estudo ultraestrutural das fibras musculares

Os fragmentos distais do antimero esquerdo do musculo ELD foram removidos e
fixados em Karnovsky [19] e posteriormente submetidos ao protocolo de microscopia
eletronica de transmissé&o.

Estudo histoquimco e morfométrico das JINMs

Fragmentos proximais do antimero esquerdo do musculo ELD foram removidos
e fixados em Karnovisky [19], seccionados longitudinalmente com auxilio de laminas de
inox e submetidos a reacdo Esterase Inespecifica [20]. Foram realizadas medidas da area,
didmetros maior e menor de 100 JNMs a partir de imagens microscépicas (objetiva de
20X).

Anélise das imagens
O microscopio Olympus Bx60® acoplado a camera Olympus DP71 (Tokio,

Japdo), e o programa DP Controler 3.2.1 276 foram utilizados para analise morfoldgicas
e morfométricas das fibras musculares e JNMs. Para a ultraestrutura das fibras musculares
0 microscopio eletrdnico de transmissdo (CM100, Philips®, Holanda) foi utilizado.
Todas as analises morfométricas foram feitas utilizando-se o programa Image Pro Plus

6.0® (Media Cybernetics, Maryland, USA).
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Andlise estatistica

Os dados obtidos foram analisados estatisticamente com auxilio do programa
GraphPad Prism® (La Jolla, USA), levando-se em consideragdo os resultados do teste de
normalidade Kolmogorov-Smirnov. Quando em normalidade foi utilizado o teste t de
Student, enquanto que para os dados que estivessem fora da normalidade foi realizado o
teste ndo paramétrico de Mann-Whitney. Valores de p<0,05 foram considerados
significativos.

RESULTADOS
Parametros macroscépicos

Na Tabela 2 observa-se que o grupo CAF DGYR-F1 apresentou reducédo de 26%
no peso corpédreo dos animais (p<0,001), de 29% no peso do musculo ELD (p<0.001),
73% na gordura retroperitoneal (p<0.001), 56% na gordura periepididimal (p<0,001), 6%
no comprimento nasoanal (p= 0,001) e 4% no indice de Lee (p= 0,009) em relacdo ao
grupo CAF FO-F1. O comprimento do musculo ELD (p= 0,351) foi semelhante entre os
dois grupos (Tabela 2).

Morfologia e morfometria das fibras musculares e do colageno
As fibras musculares do musculo ELD de ambos os grupos, CAF FO-F1 e CAF

DGYR-F1 apresentaram arquitetura geral preservada, com fibras poligonais,
multinucleadas com seus nucleos periféricos, organizada em fasciculos e capilares
entremeados ao conjuntivo (Figuras 1A e 1B).

A analise morfométrica demonstrou reducdo de 19% na area das fibras musculares
(p=0,006) e 15% na relacdo nucleo/fibra (p=0,007) no grupo CAF DGYR-F1. Este grupo
também teve aumento de 28% no numero de fibras (p= 0,002) e 17% do nimero de

capilares (p=0,004) no grupo CAF DGYR-F1 quando comparado ao grupo CAF FO-F1.
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O numero de nucleos (p=0,117) e a relagdo capilar/fibra (p= 0,866) foi semelhante entre
o0s grupos (Figuras 1C, 1D, 1E, 1F, 1G e 1H).

Na analise do tecido conjuntivo ambos os grupos, CAF DGYR-F1 e CAF FO-F1,
apresentaram semelhanca na porcentagem (p= 0,491) (Figura 2A, 2B E 2C).

A reacdo de NADH-TR permitiu que as fibras musculares fossem classificadas,
de acordo com a proposicdo de Brooke e Kaiser (1970), em fibras do tipo I, lla e llb
(Figuras 3A e 3B). O grupo CAF DGYR-FL1 teve redugdo de 18% na &rea das fibras do
tipo | (p=0,036), de 24% na &rea das fibras do tipo Ila (p= 0,001) e de 17% na area das
fibras do tipo Ilb (p= 0,016). Em relacdo a quantificacdo do numero de fibras, o grupo
CAF DGYR-F1 apresentou aumento de 39% nas fibras do tipo I (p= 0,023) e 30% nas
fibras do tipo lla (p= 0,017) comparado ao grupo CAF FO-F1. Sendo semelhante o
namero de fibras do tipo Ilb nos dois grupos estudados (Figuras 3C e 3D).

Avaliacdo da Ultraestrutura

A avaliacéo ultraestrutural, na microscopia eletronica de transmissdo mostrou que
as fibras estavam organizadas em sarcomeros, seguindo o padréo estriado com bandas
claras (banda I) e escuras (banda A), ambos 0s grupos demostraram desorganizacéo e
dissolugéo da linha Z e desorganizag&o miofibrilar (Figuras 4A e 4B).

Analise das juncdes neuromusculares (JNMs)

As JNMs dos dois grupos estudados mostraram-se polimorficas, com formato
redondo, oval e eliptico (Figuras 5A e 5B). O grupo CAF DGYR-F1 teve reducdo de 11%
na area das JNMs (p= 0,028) em relacdo ao grupo CAF FO-F1, sendo semelhantes em
relacdo aos diametros maior (p=0,984) e menor (p= 0,792) das JNMs (Figuras 5C, 5D e

5E).
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DISCUSSAO
Sabe-se que o feto € um reflexo da nutricdo e composi¢do corporal, dos

suprimentos e da energia recebida da mée [3], perturbacbes durante o periodo gestacional
podem resultar em anormalidades metabdlicas, através da programacao metabolica [21].
A cirurgia bariatrica se mostra eficaz na reducdo do peso e melhora das doencas
metabdlicas associadas, entretanto, os efeitos de tais cirurgias nos descentes de mées
obesas operadas ndo estdo esclarecidos [10].

Observou-se neste estudo que a prole de mées obesas que realizaram a cirurgia de
DGYR tiveram reducdo do peso corporal, das gorduras retroperitoneal e periepididimal,
quando comparada a prole de mées obesas. A literatura mostra estudos [22, 23]
envolvendo cirurgia bariatrica onde também observaram reducdo do peso da prole. Estes
achados podem estar relacionados a fatores no ambiente uterino, que resultam em
deficiéncia de macronutrientes [23]. Esta deficiéncia, durante o desenvolvimento fetal
também explica a reducdo do comprimento nasoanal dos animais e do peso do musculo
ELD dos animais do grupo CAF DGYR-F1 quando comparado ao grupo CAF FO-F1.

A cirurgia de DGYR resulta em reducéo do volume do estdmago e desvio de parte
do duodeno, que €é o principal local de absor¢édo do ferro, célcio, vitamina B1 e cerca 50%
das proteinas [24]. O musculo estriado esquelético € um reservatorio de proteinas e
sensivel a desnutricdo proteica, o déficit proteico durante a gestacdo acarreta em
alteracdes em suas fases de crescimento e diferenciacdo [25]. Neste estudo observou-se
reducdo da area das fibras musculares, o que pode estar associado diretamente a reducao
proteica, presente tanto na dieta de cafeteria das mées, que se manteve durante a
amamentacao, como também, menor absorc¢do dos nutrientes devido a cirurgia bariatrica.

Foi verificado neste estudo aumento do numero de fibras musculares no grupo

CAF DGYR-F1, estando relacionado a redugéo na area destas fibras, j& que a hiperplasia
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das fibras musculares cessa apds o desenvolvimento embrionério [26]. Foi observado
também, a reducéo da relacéo nucleo/fibra, sendo o dominio nuclear o conceito pelo qual
o0 nucleo é responsavel por uma quantidade especifica de sarcoplasma [27], com a reducéao
do volume celular, observada neste estudo, hd menor demanda proteica, dessa forma as
miofibrilas respondem eliminando seus nucleos [28].

O aporte de oxigénio é fundamental para as atividades metabdlicas do musculo,
que por sua vez é transportado pelos capilares [29], neste estudo observou aumento do
namero de capilares do grupo CAF DGYR-F1, a cirurgia bariatrica acarreta em reducao
do ferro [24], o que pode estar associado ao aumento da capilaridade na prole, sendo esta
adaptacéo ao transporte de oxigénio insuficiente durante a gestacdo e amamentacao.

A integridade muscular também é dependente da matriz extracelular, sendo o
conjuntivo um dos principais componentes [30]. Neste estudo sua porcentagem foi
semelhante entre os grupos. No entanto, em estudo prévio [31] sobre os efeitos da
obesidade materna na morfologia do musculo ELD da prole, observou-se reducédo de 22%
na porcentagem do tecido conjuntivo no grupo de prole de mées obesas. Sendo assim, a
cirurgia de DGYR ndo reverteu os efeitos deletérios da obesidade sobre o conjuntivo
intramuscular.

Como ja mencionado o musculo estriado esquelético é sensivel a restri¢do proteica
[25]. Observou-se neste estudo reducdo na area das fibras do tipo I, lla e Ilb. As fibras do
tipo Il sdo predominantemente provenientes de miotubos secundarios, que sao mais
suscetiveis aos agravos nutricionais [32]. Este fator também explicaria a redugdo do
predominio das fibras lla e principalmente Ilb no grupo CAF DGYR-F1. A privacdo

nutricional acarreta em maior agravo sobre as fibras do tipo 11 [33], com a redugéo das
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fibras do tipo Ilb e reducdo da &rea das fibras, maior nimero de fibras do tipo | foram
observadas.

Na microscopia eletronica de transmissdo, foi observado desorganizagdo e
dissolugdo da linha Z, além de desorganizacdo da miofibrila. A perda da integridade
estrutural da miofibrila esta associada a degradagdo dos miofilamentos de actina, miosina,
nebulina, titina, estes também associados a linha Z [34], dietas hipoproteicas estdo
associadas a mudangas nas miofibrilas, com desorganizagdo e perda da linha Z e
desintegracdo das estriacfes transversais do musculo, tais dietas elevam o nivel de
radicais livres de oxigénio, aumentando a permeabilidade da membrana, com isso ha o
extravasamento de célcio para o citosol que por sua vez, ativa as proteases enddgenas
[34].

Alteracfes na JNM, local onde ocorre a transmisséo do impulso nervoso para o
masculo, podem influenciar a transmissdo neuromuscular e desenvolvimento da fibra
[35]. A cirurgia bariatrica esta relacionada a redugéo da vitamina D e do célcio circulantes
[24]. Estudo mostra [36] que esses elementos estdo associados a alteragcdes na estrutura e
funcéo das JINMs. Neste estudo foi observado reducéo da area das JNMs no grupo CAF
DGYR-F1, uma vez que as maes submetidas a DGYR podem apresentar deficiéncia de
vitamina D e calcio [24], afetando, por conseguinte o desenvolvimento da JNM da prole.

CONCLUSAO

Este é o primeiro estudo a avaliar os efeitos da cirurgia bariatrica sobre o masculo
estriado esquelético da prole adulta. Dessa forma, observou-se que a prole de méaes
submetidas a cirurgia bariatrica de DGYR ficaram expostas a programacao metabolica
com efeitos degenerativos na morfologia e morfometria das fibras musculares, com
reducdo de sua area e da relacédo capilar/fibra. Ainda aumento no nimero de fibras do tipo

I e Ila e nimero de capilares. A DGYR também teve efeitos de programacgéo nas JNMs,
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sendo observadas também alteracdes morfoldgicas na andlise da ultraestrutura. Conclui-
se desta forma que a DGYR promove alteragdes significativas na morfologia do musculo

estriado esquelético, fundamental para atividades metabdlicas e fisicas.
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Energia Carboidratos Proteinas Gorduras Saédio

(Kcal/100g)  (g/100g) (9/100g) (9/1009) (mg/100g)
Racdo padrdo (BioBase, 295 70 20 10 0
Brasil)?
Salame tipo Italiano (Sadia, 415 0,56 35 30 2000
Brasil)®
Pao bisnaguinha (Nutrella, 332 64 6,8 6 356
Brasil)®
Salgadinho sabor bacon 496 56 7,6 16 1036
(Troféu, Santa Helena,
Brasil)®
Linguica mista  (Sadia, 320 0 18 28 1574
Brasil)®
Bolo de chocolate (Renata, 381 55 4,1 16,2 173,3
Selmi, Brasil)®
Salgadinho de milho 125 17 1,6 5,6 99
(Cheetos, Pepsico, Brasil)®
Mortadela (Frimesa, Brasil)® 317 9,5 13,2 16 21125
Marshmallow (Fini, Brasil)® 330 80 5 0 475
Biscoito de maisena 440 80 11 5 333
(Zadimel, Brasil)®
Wafer de chocolate 523 63 5 27 177

(Bauduco, Brasil)®

2 Dados fornecidos pelo fabricante. ® Dados obtidos através das embalagens.
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Tabela 2. Parametros macroscépicos dos grupos prole de ratas cafeteria falsa operagédo
(CAF FO-F1) e prole de ratas cafeteria DGYR (CAF DGYR-F1) com 17 semanas de
vida.

Parametros (n=8) CAF FO-F1 CAF DGYR-F1
Peso corporeo (g)? 409,8 + 47,11 301,1 £ 33,12***
Peso do musculo ELD (g)? 0,17 £ 0,02 0,12 + 0,01***
Comprimento do musculo ELD (mm)? 24,25 +1,82 23,62 £ 2,40
Gordura Retroperitoneal (g)? 423+0,79 1,41 £ 0,57***
Gordura Periepididimal (g)? 471+1/43 2,09 £ 0,52%**
Comprimento Nasoanal (cm)® 22,94 +£0,32 21,50 £ 0,65**
indice de Lee? 322,8+9,48 311,1 + 5,38**

Valores expressos através da média + desvio padrdo.  Teste t de Student. ® Teste Mann-Whitney .
** Representa p<0,009 *** Representa p<0,0003.
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Figura 1- Fotomicrografias do musculo ELD de ratos Wistar com 17 semanas de vida. Seccao
transversal. A e B: Fibras musculares (asterisco), nlcleos periféricos (seta branca) e capilares
sanguineos (seta preta) dos grupos prole de ratas cafeteria falsa operacdo (CAF FO-F1) e prole
de ratas cafeteria DGYR (CAF DGYR-F1), respectivamente. HE. C, D, E, F, G e H, dados de
area das fibras, numero de fibras, nimero de nucleos, relagdo nucleo/fibra, nimero de capilares e
relagdo capilar/fibra dos grupos CAF FO-F1 e CAF DGYR-F1, respectivamente. Valores
expressos através da média + desvio padrdo. Teste t de Student. **Representa p<0,007.
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Figura 2. - Fotomicrografias do muasculo ELD de ratos Wistar com 17 semanas de vida. Sec¢do
transversal. A e B: Perimisio (asterisco) dos grupos prole de ratas cafeteria falsa operacdo (CAF
FO-F1) e prole de ratas cafeteria DGYR (CAF DGYR-F1). Tricrémico de Masson.
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Figura 3 - Fotomicrografias do masculo ELD de ratos Wistar as 17 semanas. Seccéo transversal,
reacdo de NADH-TR. A e B: Fibras musculares dos tipos I, Ila e I1b nos grupos prole de ratas
cafeteria falsa operacdo (CAF FO-F1) e prole de ratas cafeteria DGYR (CAF DGYR-F1),
respectivamente. C e D: Dados da area e contagem dos diferentes tipos de fibras musculares nos
animais dos grupos CAF FO-F1 e CAF DGYR-FL1. Valores expressos através da média + desvio
padrdo. Teste t de Student. *Representa p<0,2. **Representa p<0,002.
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Figura 4. Eletromicrografias do muasculo ELD de ratos Wistar as 17 semanas. Secgao
longitudinal. A e B: Fibra muscular com as estruturas do sarcémero (S), banda A (A), banda | (1)
e linha Z (seta branca), desorganizacdo da linha Z (seta curva), desorganizacéo miofibrilar (chave)
e dissolugdo da linha Z (cabeca de seta). Grupo prole de ratas cafeteria falsa operacdo (CAF FO-
F1) e prole de ratas cafeteria DGYR (CAF DGYR-F1), respectivamente.
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Figura 5. Fotomicrografias das jungdes neuromusculares (JNMs) no masculo ELD de ratos
Wistar as 17 semanas. Secgdo longitudinal, reacdo de Esterase Inespecifica. A e B: Observar as
caracteristicas morfologicas das JNMs dos grupos prole de ratas cafeteria falsa operacdo (CAF
FO-F1) e prole de ratas cafeteria DGYR (CAF DGYR-F1), respectivamente. C, D e E: Dados de
area, diametros maior e menor das JNMs dos animais dos gruposCAF FO-F1 e CAF DGYR-FL1.
Valores expressos através da média + desvio padrdo. Teste t de Student. *Representa p<0,03.
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ANEXO B

Normas da revista cientifica- International Journal of Development
Research

Instructions for Authors

The International Journal of Development Research (IJDR) (ISSN 2230-
9926) publishes high-quality solicited and unsolicited articles, in English, in all areas of
the subject. The journal welcomes the submission of manuscripts that meet the general
criteria of significance and academic excellence. All articles published in IJDR will be
peer-reviewed. Papers will be published in the next issue of the journal after acceptance.
The International Journal of Development Research (IJDR) (ISSN 2230-9926) will be
published monthly (one volume; 12 Issues per year) by Academe Research Journals.
Electronic submission of manuscripts is strongly encouraged, provided that the text,
tables, and figures are included in a single Microsoft Word file (preferably in Arial font).
Submit manuscripts as e-mail attachment to the Editorial Office at:

articles@journalijdr.com; editor@journalijdr.com

A manuscript number will be e-mailed to the corresponding author same day or within
72 hours.

The cover letter should include the corresponding author's full address and telephone
numbers and should be in an e-mail message sent to the Editor, with the file, whose
name should begin with the first author's surname, as an attachment. The authors may
also suggest two to five reviewers for the manuscript (IJDR) may designate other
reviewers).

The International Journal of Development Research (IJDR) (ISSN 2230-9926) will
only accept manuscripts submitted as e-mail attachments.

Article Types Three types of manuscripts may be submitted:

Regular articles: These should describe new and carefully confirmed findings, and
experimental procedures should be given in sufficient detail for others to verify the work.
The length of a full paper should be the minimum required to describe and interpret the
work clearly.

Short Communications: A Short Communication is suitable for recording the results of
complete small investigations or giving details of new models or hypotheses, innovative
methods, techniques or apparatus. The style of main sections need not conform to that
of full-length papers. Short communications are 2 to 4 printed pages (about 6 to 12

manuscript pages) in length.


mailto:articles@journalijdr.com
mailto:editor@journalijdr.com

100

Review: Submissions of reviews and perspectives covering topics of current interest are
welcome and encouraged. Reviews should be concise and no longer than 4-6 printed

pages (about 12 to 18 manuscript pages). Reviews manuscripts are also peer-reviewed.

Regular articles

All portions of the manuscript must be typed double-spaced and all pages nhumbered
starting from the title page.

The Title should be a brief phrase describing the contents of the paper. The Title Page
should include the authors' full names and affiliations, the name of the corresponding
author along with phone, fax and E-mail information. Present addresses of authors
should appear as a footnote.

The Abstract should be informative and completely self-explanatory, briefly present the
topic, state the scope of the experiments, indicate significant data, and point out major
findings and conclusions. The Abstract should be 100 to 200 words in length. Complete
sentences, active verbs, and the third person should be used, and the abstract should
be written in the past tense. Standard nomenclature should be used and abbreviations
should be avoided. No literature should be cited.

Following the abstract, about 3 to 10 key words that will provide indexing references to
should be listed. A list of non-standard Abbreviations should be added. In general, non-
standard abbreviations should be used only when the full term is very long and used
often. Each abbreviation should be spelled out and introduced in parentheses the first
time it is used in the text. Only recommended Sl units should be used.

The Introduction should provide a clear statement of the problem, the relevant literature
on the subject, and the proposed approach or solution. It should be understandable to
colleagues from a broad range of scientific disciplines.

Materials and methods should be complete enough to allow experiments to be
reproduced. However, only truly new procedures should be described in detail;
previously published procedures should be cited, and important modifications of
published procedures should be mentioned briefly. Capitalize trade names and include
the manufacturer's name and address. Subheadings should be used. Methods in general
use need not be described in detail.

Results should be presented with clarity and precision. The results should be written in
the past tense when describing findings in the authors' experiments. Previously
published findings should be written in the present tense. Results should be explained,

but largely without referring to the literature. Discussion, speculation and detailed
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interpretation of data should not be included in the Results but should be put into the
Discussion section.

The Discussion should interpret the findings in view of the results obtained in this and
in past studies on this topic. State the conclusions in a few sentences at the end of the
paper. The Results and Discussion sections can include subheadings, and when
appropriate, both sections can be combined.

The Acknowledgments of people, grants, funds, etc should be brief.

Tables should be kept to a minimum and be designed to be as simple as possible.
Tables are to be typed double-spaced throughout, including headings and footnotes.
Each table should be on a separate page, numbered consecutively in Arabic numerals
and supplied with a heading and a legend. Tables should be self-explanatory without
reference to the text. The details of the methods used in the experiments should
preferably be described in the legend instead of in the text. The same data should not
be presented in both table and graph form or repeated in the text.

Figure legends should be typed in numerical order on a separate sheet. Graphics
should be prepared using applications capable of generating high resolution GIF, TIFF,
JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Tables should
be prepared in Microsoft Word. Use Arabic numerals to designate figures and upper case
letters for their parts (Figure 1). Begin each legend with a title and include sufficient
description so that the figure is understandable without reading the text of the
manuscript. Information given in legends should not be repeated in the text.
References: In the text, a reference identified by means of an author's name should be
followed by the date of the reference in parentheses. When there are more than two
authors, only the first author's name should be mentioned, followed by ‘et al’. In the event
that an author cited has had two or more works published during the same year, the
reference, both in the text and in the reference list, should be identified by a lower case
letter like ‘a’ and ‘b’ after the date to distinguish the works.

Examples:

Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992),
(Chege, 1998; Chukwura, 1987a, b; Tijani, 1993, 1995), (Kumasi et al., 2001)
References should be listed at the end of the paper in alphabetical order. Articles in
preparation or articles submitted for publication, unpublished observations, personal
communications, etc. should not be included in the reference list but should only be

mentioned in the article text (e.g., A. Kingori, University of Nairobi, Kenya, personal



102

communication). Journal names are abbreviated according to Chemical Abstracts.
Authors are fully responsible for the accuracy of the references.

Examples:

Ogunseitan OA (1998). Protein method for investigating mercuric reductase gene
expression in aquatic environments. Appl. Environ. Microbiol. 64:695-702.

Gueye M, Ndoye |, Dianda M, Danso SKA, Dreyfus B (1997). Active N fixation
in several Faidherbia albida provenances. Ar. Soil Res. Rehabil. 11:63-70.

Charnley AK (1992). Mechanisms of fungal pathogenesis in insects with particular
reference to locusts. In: Lomer CJ, Prior C (eds) Biological Controls of Locusts and
Grasshoppers: Proceedings of an international workshop held at Cotonou, Benin.
Oxford: CAB International, pp 181-190.

Mundree SG, Farrant JM (2000). Some physiological and molecular insights into the
mechanisms of desiccation tolerance in the resurrection plant Xerophyta
viscasa Baker. In Cherry et al. (eds) Plant tolerance to abiotic stresses in Agriculture:
Role of Genetic Engineering, Kluwer Academic Publishers, Netherlands, pp 201-222.
Babalola OO (2002). Interactions between Striga hermonthica (Del.) Benth. and
fluorescent rhizosphere bacteria Of Zea mays, L. and Sorghum bicolor L. Moench
for Striga suicidal germination In Vigna unguiculata . PhD dissertation, University of
Ibadan, Ibadan, Nigeria.

Short Communications

Short Communications are limited to a maximum of two figures and one table. They
should present a complete study that is more limited in scope than is found in full-length
papers. The items of manuscript preparation listed above apply to Short Communications
with the following differences: (1) Abstracts are limited to 100 words; (2) instead of a
separate Materials and Methods section, experimental procedures may be incorporated
into Figure Legends and Table footnotes; (3) Results and Discussion should be
combined into a single section.

Proofs and Reprints: Electronic proofs will be sent (e-mail attachment) to the
corresponding author as a PDF file. Page proofs are considered to be the final version
of the manuscript. With the exception of typographical or minor clerical errors, no
changes will be made in the manuscript at the proof stage. Because IJDR will be
published freely online, authors will have free electronic access to the full text (PDF) of
the article. Authors can freely download the PDF file from which they can print unlimited

copies of their articles.
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Copyright: Submission of a manuscript implies: that the work described has not been
published before (except in the form of an abstract or as part of a published lecture, or
thesis); that it is not under consideration for publication elsewhere; that if and when the
manuscript is accepted for publication, the authors agree to automatic transfer of the
copyright to the publisher.

Proofs, Reprints and manuscript charges

Electronic proofs will be sent (e-mail attachment) to the corresponding author as a PDF
file. Page proofs are considered to be the final version of the manuscript. With the
exception of typographical or minor clerical errors, no changes will be made in the
manuscript at the proof stage. Because IJDR will be published online, authors will have
free electronic access to the full text (PDF) of the article. Authors can freely download
the PDF file from which they can print unlimited copies of their articles. There is no charge
for the processing of paper but author(s) of each accepted paper is required to pay the
publication charge which is very nominal fees. The fees depends upon the number of
pages, number of authors, images etc. Before the accepted paper is published we will

intimate the fees in the acceptance letter.
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Anexo C

Normas da revista cientifica- Obesity Surgery

INSTRUCTIONS FOR AUTHORS

1. ABOUT OBSU Obesity Surgery is published by Springer Science+Business Media
LLC and is the official journal of the International Federation for the Surgery of Obesity
and metabolic disorders (IFSO). Requirements are inaccordance with the "Uniform
Requirements for Manuscripts submitted to Biomedical Journals," www.icmje.org.

All manuscripts submitted to OBSU are received, blind-reviewed and decided upon
through  the online Editorial Manager (EM) System center. URL:

http://www.editorialmanager.com/obsu

Letters to the Editor addressing previously published articles, and any invited Replies,
do not need to be blinded. Articles that are accepted for publication are done so with the
understanding that they, or their substantive contents, have not been and will not be

submitted to any other publication.

2. SUBMISSION CHECKLIST Authors: Make sure that all the items below are ready and
available when you submit.

TITLE PAGE REQUIRES:

- Full Title, and Short Title for Running Head

- All Contributing Authors, FullNames/Degrees, and EmailAddresses/Affiliations

- "Correspond To" Information

- Detailed Acknowledgments, Fundinglinformation, and non-blinded COI Statement

MAIN MANUSCRIPT TEXT REQUIRES:

- Blinded Text

- Abstract (N/A for Letters to the Editor; optional for BriefCommunications)
- Required Ethical, COI, and Human/Animal Rights Statements(blinded)

- References in PubMed® style

- Tables(Optional)

- Figure Legends (if providing figures)

FIGURES/IMAGES:


http://www.icmje.org/
http://www.editorialmanager.com/obsu
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- For vector graphics, the preferred format is EPS; for halftones, use TIFF format.

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

- No identifying information about patients

- Patient and/or publisher permissions, if needed

VIDEO/ELECTRONIC SUPPLEMENTARY MATERIAL:

- Any Video or multimedia in either .MP4 or .MOV file format y Supplementary videos not
to exceed two (2) minutes in length

- Narration inEnglish

REQUIRED OFFICIAL ICMJE CONFLICT OF INTEREST FORM(S):

- One form completed by each author (ex: 5 authors = 5 forms)

REQUIRED FOR REVISIONS ONLY:
- One copy of clean, revised text, tables and figures
- One copy of annotated, revised text, tables andfigures

- A Point-by-Point Reply to Reviewer Comments (blinded)

3. IMPORTANT SUBMISSION INFORMATION

3a. SYSTEM REQUIREMENTS Authors will need the following items in order to use
EM:

* Internet access

* A current Adobe Acrobat browser plug-in

* Electronic files of all required documents.

3b. YOUR AUTHOR ACCOUNT

Authors entering the journal's EM site for the first time can create a new account at
http://www.edmgr.com/obsu/ by clicking “Register Now,” and then following the online
prompts in order to create your account and submit a manuscript. NOTE: If you have
previously accessed the system, always use your existing account for ALL subsequent
submissions. If you have forgotten your Username or Password, use the “Send Login
Details” link at the OBSU Login Page.
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3c. ONLINE SUBMISSION After you have logged into your account and entered your
Submission Center, EM will lead you through a step-by-step manuscript submission
process. The required documents for all online submissionsinclude the main, blinded
manuscript document, a separate Title Page document, and a Conflict of Interest (COIl)

form, which must be completed by each contributing author.

Note: Always keep original copies of your word-processing, graphic, video, and COl files.

Make sure that all required online fields are completed before attempting to submit; the
system won'’t allow you to submit if any required fields are not completed. If you cannot
finish your submission in one visit, you can save a draft and later re-enter the process at
the same step by clicking on the “Incomplete Submissions” link in your Author Main

Menu.

3d. SUPPORT AND ASSISTANCE

If you have questions or need assistance at any point during the submission and review
process, contact our OBSU Managing Editor:

Attn: Deana Rodriguez Managing

Editor, OBSU Editorial

Office Phone: +001 (562) 961-9928

E-mail: obsu.rodriguez@gmail.com

4. MANUSCRIPT PREPARATION

4a. JOINT STATEMENT BY THE SURGERY JOURNAL EDITORS GROUP 2018

We, the editors of surgery journals, believe that conducting sex-inclusive biomedical and
clinical research is imperative to improving health outcomes of men and women. Recent
studies have shown that the majority of biomedical research in the field of surgery and
related topics is conducted on male animals and male cells, even when studying
diseases prevalent in women. Human clinical research suffers from a lack of sex-based
reporting and sex-based analysis of the results. Given these findings, the National
Institutes of Health (NIH) has now asked that sex be considered as a biologic variable in
all NIH-funded research. As such, we support uniform, defined reporting of the sex used
for human, animal, tissue, and cell research in ALL manuscripts published in our journals.

If only one sex is reported, authors must include a justification statement as to why only
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a single-sex study was conducted. We also will require sex-based reporting and analysis
of data for all human, animal, tissue, and cell research. As a group, we will require this

among all our collective surgery journals.

4b. MANUSCRIPT TERMINOLOGY

Please make note of the required manuscript terminology standards.

Mandatory

* Weight loss must be expressed as change in BMI or %total weight loss (%TWL)
Optional

» Weight loss can be expressed as % Excess Weight Loss (%EWL), with the calculation
of ideal body weight as that equivalent to a BMI of 25 kg/m2 and/or % Excess BMI Lost
(%EBMIL) with excess BMI > 25 kg/m2 as well as % total body weight loss.

» Data extending beyond 30 days must include lost to follow-up information in the
Abstract and Results section, including all tables and figures, with the denominator
provided as to how many patients were available at each time point and the number of

patients actually seen.

4c. MANUSCRIPT SECTIONS AND FILE ITEMS

When you upload your manuscript documents to EM, the system will ask you to indicate
the manuscript file “ltem.” Your manuscript should be submitted in various parts; for
example, your blinded “Manuscript” should be uploaded separately from the “Title Page”
and “Official Conflict of Interest Form.” Images should be submitted separately, as should
any electronic supplementary material (or “Other”) and videos (either as supplementary

videos or as dedicated video submissions).

Use the following text format guidelines.

* Use a normal, plain font (e.g., 12-point Times Roman) for text.

* Double-space the text, and set page borders at one inch.

* Use italics for emphasis.

» Use the automatic page numbering function to number the pages.
* Do not use field functions.

* Use tab stops or other commands for indents; do not use the space bar for indents.

i. File Item: Title Page (required)
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In the "File Upload" section of EM, your Title Page should be submitted separately from
the blindedtext of the manuscript, under the category, "Title Page." This page will not be
seen by reviewers and should include the following:

» Complete title of the article, and a shortened title (max 30 characters, including
spaces).

» Complete names, titles, departments and institutional addresses of each contributing.

* "Correspondence to" followed by the name and contact information for the
corresponding author. ¢« Any detailed grant information and an acknowledgment of
grantsupport.

» Acknowledgments: Individuals, other than authors, who directly participated in the work.

* A non-blinded version of your Conflict of Intereststatement.

ii. File Item: Blinded Manuscript — Main Text (required)

In the "Attach Files” step (final step) of your submission, the “Manuscript” file should
include the Main Text (which should include blinded statements regarding conflict of
interest, consent and ethics), References, and Figure Legends (if any). Tables may also

be included at the end of the text document, or submitted separately.

The main text document should be double-spaced and for most submissions include:
Abstract (required for all but Letters; optional for Brief Communications);
Introduction/Purpose; Materials and Methods; Results; Conclusion; Blinded Conflict of
Interest Disclosure Statement; Statements regarding ethics and consent (see details
below); References (see details below); Tables, and any Figure Legends (if applicable).
Additional format requirements and details for specific manuscript types are included in

the “Manuscript Types and Formats” section below.

Conflict of Interest Disclosure, Ethical Statement and Consent Statement Three required
statements are required just before the list of References. For each author, the blinded
COl statement must declare potential conflict of interest for each author (“author 1,
author 2,” etc.), or state, “no conflict of interest.” For more information, refer to “Ethical

Responsibilities of Authors” below.

References
* Use Medline® /Pubmed® Style. Visit the following website for sample references:

http://www.nlm.nih.gov/bsd/uniform requirements.html.
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» Type references double-spaced; list them in consecutive, numerical order as they
appear in the text.

« Identify reference citations in the text by numbers in square brackets (e.g., [1]). Once a
reference is cited, all subsequent citations should be to the original number.

+ Cite all references within the text or tables.

» Papers that have been accepted for publication or are in press may be listed in the
References, but OBSU does not reference unpublished data or personal

communications.

Tables

* Use the table function (not spreadsheets) to make tables.

* Number all tables using Arabic numerals.

* Always cite tables in the text in consecutive, numerical order.

* For each table, supply a title; it should explain clearly and concisely the components of
the table.

» Footnotes to tables should be indicated by superscript lower-case letters (or
asterisksfor significance values and other statistical data) and included beneath the
tablebody.

« All tables should be on separate page(s) at the end of the main document, and be cited

in the text.

iii. File Item: Official Conflict of Interest Form — (required)

Every contributing author must electronically complete the official ICMJE Conflict of
Interest (COI) form. Click on http://www.icmje.org/coi_disclosure.pdf to download a PDF
of the form. During submission, please make sure that you upload all COI forms at the
end of your submitted documentlist. If any author's COI form is missing from the
submission, it will be returned to the authorfor correction prior to review. Each author
must complete the form even if no conflict of interest exists.All details in the ICMJE COI
forms must correspond with the COI Disclosure Statement included in the manuscript

text. Reviewers will not see these forms.

Note: If you have trouble viewing the ICMJE COI form after downloading, make sure to
open the PDF directly from your “downloads” folder via Adobe Reader rather than
through your internet browser. Also, once uploaded to the submission site, the forms

may not appear clearly in the PDF proof, depending on your browser. Please simply
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make sure that a completed form has been uploaded for each contributing author before

you complete your submission.

iv. File ltem: Cover Letter (optional; non-blinded)
You may submit a non-blinded Cover Letter under this File Item, as well as any other

nonblinded documents such as Permission documents or Language Editing certificates.

v. File Item: Figure / Image (optional; blinded for review)

Common graphics files such as GIF, JPEG, EPS, TIFF and many others are supported.
Do not upload figures as PDF files. All figures must be numbered using Arabic numerals.
Figure parts should be denoted by lowercase letters. Figures should always be cited in
text in consecutive numerical order. For each figure, includethe figure legends at the end
of the manuscript text. Name your figure files with "Fig" and the figure number, e.g.,
Figl.eps.

Photographs of patients in which the subject is identifiable must either have the face
masked out, or be accompanied by written permission from the individual in the
photograph for publication. If you include figures that have already been published
elsewhere, you must obtain permission from the copyright owner(s) for both the print and

online format.

Vector Graphics: The preferred format is EPS; for halftones, please use TIFF format.

MSOffice files are also acceptable. Vector graphics containing fonts must have the fonts
embedded in the files.

Line Art: Must be black and white with no shading. Ensure that all lines and lettering
within the figures are legible at final size. All lines should be at least 0.1 mm (0.3 pt) wide.
Scanned line drawings and line drawings in bitmap format should have a min. resolution

of 1200 dpi. Halftone Art (photographs, drawings or paintings with fine shading, etc.): If

magnification is used in photographs, indicate this by using scale bars within the figure.
Halftones should have a minimum resolution of 33 dpi.

Combination Art (combination of halftone and line art): Combination artwork should have

a minimum resolution of 600 dpi.
Color Art: Color art is free of charge for online publication. If the print version will be
published in black and white, make sure that the information will be visible; many colors

are not distinguishable when converted to black and white. You may choose to use
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patterns rather than colors in such instances. Color illustrations should be submitted as
RGB (8 bits/channel).

Lettering and Numbering in_Figures: Helvetica and Arial (sans serif fonts) text are

preferred. Keep lettering size consistent throughout (preferably 2-3 mm / 8-12 pt). Avoid

shading and other text features, and do not include titles or captions within your figures.

vi. File Item: Other (optional; blinded for review)
If your submission file does not fit any of the above file designations, you may submit as
“Other,” but any document submitted under this File Item must be blinded for review

purposes.

vii. File Item:

Video (blinded for review) Videos may consist of information that cannot be printed:
animations, video clips, sound recordings; or information that is more convenient in
electronic form: sequences, spectral data, or large original data (e.g. additional tables,
illustrations, etc.). If supplying any multimedia, the text must make specific mention of

the material as a citation (e.g., "as shown in Animation 3").

Requirements for Supplementary Videos and Dedicated Video Submissions

Upon submission of articles that include video, the author(s) will be required to submit
according to the following specifications:

* Always use either .mp4 or .mov files.

* Keep the video length / size as precise as possible. Some authors and reviewers may
experience problems when uploading, downloading or viewing larger files, depending on
server speed and other external factors.

* For Supplementary Video files, videos should not exceed two (2) minutes in length. *
Dedicated Video submissions must be accompanied by a textual Abstract.

* For any Dedicated Video files larger than 500 MB, authors may upload compressed
files (e.g., zip files), or submit in separate video sections.

* All narration should be in English.

4d. MANUSCRIPT TYPES AND FORMATS
The manuscript types include Original Contributions, New Concepts, How | Do It, Review

Articles, Brief Communications, Letters to the Editor, and Dedicated Video Submissions.
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You may submit your manuscript either as Format I, I1, or lll (detailed in the Table below).
Each manuscript type requires a specific submission format. When required by the
nature of the report, manuscripts that do not follow these formats may be accepted.
Please note that the page, word and figure limits shown should be used as a guideline
rather than a rule; the editors and reviewers make the final evaluations. Please remain

succinct in your wording.

MANUSCRIPT FORVMATS The double-spaced page and word counts below are a gwideline rather than a
rule. Title Page, references, figures, legends, and tables are not considered in the page/word counts below.

FORMATI | Description Pp.fm:ls| Main Text Figure COI Forms
. Papers involving .
Original | linical o basic science * Title only _ Official ICMJE
Contribution | ... ¢ ¢ Structured Abstract. includes Conflict of
Al mnovaioe subheadings (250 words) Interest forms
technologies. devices. * KeyW orc_is _ must be _
ocedures or treatment e InfroductionPurpose completed by
Tow O Ll . e /2 e Materials/ Methods/ Results/ each contributing
New Concept | protocols; should include (8pp/2400) © §
. - i Conclusion Upto6 author (these are
a detailed description of words ; ) - . .
the procedure and the * Blinded COLEthics/ not viewable in
restgt[ S Consent Statements the PDF Proof or
—— # References to reviewers)
i A d:es;npnon ofa . & Fiowre Legends (if any) hitp://www.icmje.org
HowIDolIt | technique or qpemtlxne o Tables (if any) I coi disclosure.pdf
procedure of interest.
FORMAT II | Description Pp/wd Main Text Figure COI Forms
+ Title only
s One-Paragraph Abstract (125
) words)
A scholarly literature 10pp  Typically these are invited
Review review of a current topic. 13000 submissions; format varies Uoto6
Article May be solicited or words based on topic. 2
unsolicited. ¢ Blinded COLEthics/
Consent Statements
+ References
* Figure Legends (if any) Official ICMJE
s Title only Conflict of
A short report that can * One-Paragraph Abstract Interest forms
present research, an {Optional; 125 wds) must be
Brief innovated concept or Spp/ e Intro Methods Results / completed by
Communi- | procedure, or a small 1500 Conclusion Upto2 each contributing
cation case series with words ¢ Blinded COLEthics/ author (these are
important, but very Consent Statements not viewable in
straightforward resuls. * Limit references to fen (10) the PDF_ Proof or
* Figure Legends (if any) to reviewers)
- hetp://www.icmje.or
A l.r.ler report of an g/ coi_disclosure.pdf
. opiion of lmsmmnged + Title page and main text do
Letter to t blished -
Editor (re: comment on.a pu not need to be blinded.
reviously paper. The editors dpp / ¢ No Abstract required
Pub]jshe:i reserve the right to 1200 » Unstructured Upto3
pardd“) accept, reject of excerpt | words s COLEthics/ Consent
letters without changing Statements
the views expressed by + Limuted number of references
the author(s).
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FORMAT I Description Pp/wd Main Text Figure COI Forms
+ Textual Abstract includes Official ICMJE
. . i i Conflict of Interest
M ts submitted blinded Title page.
g Introduction. Materials/ forms must be
as de -lC?!IE video Methods/ Results/ completed by each
Dedicated submissions must be 2pp /500 Conclusion/ Blinded NA confributing author
Video accompanied by a words Statements, Refs (if any) . (?E:fﬂ;:]tlgt
textual Abstract that » Blinded ‘.-'idEO(BJ in :J'J:p4 or IEVIEWers)
briefly describes the mov format louly_' notlto http:/iwww.icmie.ore!
video. fmffrd w, ﬂ%umﬁz}-lwlm coi_disclosure.pdf
narration in English.

4e. ADDITIONAL SUBMISSION DETAILS

i. Language Editing Services

Language Editing Services, when needed, can be acquired through the Springer author
service

http://authorservices.springernature.com/ .

ii. Special Characters

The Journal does not assume responsibility for errors in conversion of customized
software, newly released software, or special characters. Indicate any special characters
used in the file (e.g., Greek, math symbols) by providing a clarifying list of abbreviations

at the end of your manuscript text.

iii. Abbreviations, Drug Names, Digits

Use the standard abbreviations and units listed in Scientific Style and Format: The CBE
Manual

for Authors, Editors, and Publishers, Sixth Edition (Reston, Va., Council of Biology
Editors,

1994). The first time an uncommon abbreviation appears in the text, it should be
preceded by the full name for which it stands. Generic names for drugs and chemicals
should be used the first time the drug or chemical is mentioned in the text and, preferably,
thereafter. If an author wishes, the trade name may be inserted in parentheses following
the generic name the first time the generic name appears, and the manufacturer name
and city should also be included. Express digits as numerals except when they are the
first word in a sentence, and decimals should be written in North American format.
Express units of measurement in the metric system whenever possible, and abbreviate

them when used with numbers.

5. ETHICAL RESPONSIBILITIES OF AUTHORS
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This journal is committed to upholding the integrity of the scientific record. As a member
of the
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on

how to address potential acts of misconduct.

Authors should refrain from misrepresenting research results that could damage the trust
in the journal and ultimately the entire scientific endeavor. Maintaining integrity of the
research and its presentation can be achieved by following the rules of good scientific
practice, which includes:

* The manuscript has not been submitted to more than one journal for simultaneous
consideration.

* The manuscript has not been published previously (partly or in full), unless the new
work concerns an expansion of previous work (provide transparency on the re-use of
material to avoid the hint of text-recycling (“self-plagiarism”)).

* A single study is not split up into several parts to increase the quantity of submissions
and submitted to various journals or to one journal over time (e.g. “salami-publishing”).
* No data have been fabricated or manipulated (including images) to support your
conclusions

* No data, text, or theories by others are presented as if they were the authors own
(“plagiarism”). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks are used for verbatim copying of material, and permissions are secured
for material that is copyrighted.

* Important note: the journal may use software to screen for plagiarism.

» Consent to submit has been received from all co-authors and responsible authorities at
the institute/organization where the work has been carried out before the work is
submitted.

» Authors whose names appear on the submission have contributed sufficiently to the
scientific work and therefore share collective responsibility and accountability for the

results.

In addition:
» Changes of authorship or in the order of authors are not accepted after acceptance of

a manuscript.
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* Requests to add or delete authors at revision stage or after publication is a serious
matter, and may be considered only after receipt of written approval from all authors and
detailed explanation about the role/deletion of the new/deleted author. The decision to
accept the change rests with the Editor-in-Chief of the journal.

» Upon request authors should be prepared to send relevant documentation or data in
order to verify the validity of the results. This could be in the form of raw data, samples,

records, etc.

If there is a suspicion of misconduct, the journal will carry out an investigation following
the COPE guidelines. If, after investigation, the allegation seems to raise valid concerns,
the accused author will be contacted and given an opportunity to address the issue. If
misconduct has been proven, this may result in the Editor-in-Chief’'s implementation of
the following measures, including, but not limited to:

« If the article is still under consideration, it may be rejected and returned to the author.
« If the article has already been published online, depending on the nature and severity
of the infraction, either an erratum will be placed with the article or in severe cases
complete retraction of the article will occur. The reason must be given in the published
erratum or retraction note.

* The author’s institution may be informed.

5a. DISCLOSURE OF POTENTIAL CONFLICT OF INTEREST

Authors must disclose all relationships or interests that could influence or bias the work.
Although an author may not feel there are conflicts, disclosure of relationships and
interests affords a more transparent process, leading to an accurate and objective
assessment of the work. Awareness of real or perceived conflicts of interests is a
perspective to which the readers are entitled and is not meant to imply that a financial
relationship with an organization that sponsored the research or compensation for
consultancy work is inappropriate. Examples of potential conflicts of interests that are
directly or indirectly related to the research may include but are not limited to the
following:

» Research grants from funding agencies (give the research funder and the grant
number)

* Honoraria for speaking at symposia

* Financial support for attending symposia

* Financial support for educational programs
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* Employment or consultation

* Support from a project sponsor

» Position on advisory board or board of directors or other type of management
relationships

* Multiple affiliations

* Financial relationships, for example equity ownership or investment interest

* Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

* Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but
are not limited to personal relationships or competing interests directly or indirectly tied
to this research, or professional interests or personal beliefs that may influence your
research.

The corresponding author collects the conflict of interest disclosure forms from all
authors. In author collaborations where formal agreements for representation allow it, it
is sufficient for the corresponding author to sign the disclosure form on behalf of all
authors. The corresponding author will include a blinded summary statement in the text
of the manuscript in a separate section before the reference list that reflects what is
recorded in the potential conflict of interest disclosure form(s). For review purposes, the

affiliations may be identified, but the authors may not.

See below for examples of disclosures:

* “Funding: This study was funded by X (grant number X).”

« “Conflict of Interest: Author 1 has received research grants from Company A. Author
2 has

received a speaker honorarium from Company B and owns stock in Company C. Author
3isa

member of committee D.”

If no conflict exists, the authors should state:

« “Conflict of Interest: The authors declare that they have no conflict of interest.”
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5b. STATEMENT OF HUMAN AND ANIMAL RIGHTS

When reporting studies that involve human participants, authors should include a
statement that the studies have been approved by the appropriate institutional and/or
national research ethics committee and have been performed in accordance with the
ethical standards as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964 Helsinki
Declaration or comparable standards, the authors must explain the reasons for their
approach, and demonstrate that the independent ethics committee or institutional review
board explicitly approved the doubtful aspects of the study. The following statements
should be included in the text before the References section:

i. Ethical Approval

“All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical

standards.”

The welfare of animals used for research must be respected. When reporting
experiments on animals, authors should indicate whether the institutional and/or national

guidelines for the care and use of animals were followed.

For studies with animals, the following statement should be included:
“All applicable institutional and/or national guidelines for the care and use of animals
were

followed.”

If articles do not contain studies with human participants or animals by any of the authors,
Springer recommends including the following sentence:
“This article does not contain any studies with human participants or animals performed

by any of the authors.”

For retrospective studies, add the following sentence: “For this type of study formal

consent is not required.”
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All individuals have individual rights that are not to be infringed. Individual participants in
studies e.g. have the right to decide what happens to the (identifiable) personal data
gathered and to what they have said e.g. during a study or an interview as well as to any
photograph that was taken. Hence it is important that all participants gave their informed
consent in writing prior to inclusion in the study. Identifying details (names, dates of birth,
identity numbers and other information) of the participants that were studied should not
be published in written descriptions, photographs, and genetic profiles unless the
information is essential for scientific purposes and the participant (or parent or guardian
if the participant is incapable) has given written informed consent for publication.
Complete anonymity is difficult to achieve in some cases, and informed consent should
be obtained if there is any doubt. For example, masking the eye region in photographs
of participants is inadequate protection of anonymity. If identifying characteristics are
altered to protect anonymity, such as in genetic profiles, authors should provide
assurance that alterations do not distort scientific meaning.

The following statement should be included: Informed consent: “Informed consent was

obtained from all individual participants included in the study.”

If identifying information about participants is available in the article, the following
statement should also be included: “Additional informed consent was obtained from all

individual participants for whom identifying information is included in this article.”

6. RESEARCH DATA POLICY

The OBSU journal encourages authors, where possible and applicable, to deposit data
that support the findings of their research in a public repository. Authors and editors who
do not have a preferred repository should consult Springer Nature’s list of repositories

and research data policy.

List of Repositories http://www.springernature.com/gp/authors/research-

datapolicy/repositories/12327124?countryChanged=true

Research Data Policy http://www.springernature.com/gp/authors/research-

datapolicy/fags/12327154?countryChanged=true
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General repositories - for all types of research data - such as figshare and Dryad may
also be used.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may be
cited in the reference list. Data citations should include the minimum information

recommended by DataCite: authors, title, publisher (repository name), identifier.

DataCite
Springer Nature provides a research data policy support service for authors and editors,
which can be contacted at researchdata@springernature.com.

This service provides advice on research data policy compliance and on finding research
data repositories. It is independent of journal, book and conference proceedings editorial
offices and does not advise on specific manuscripts.

7. MANUSCRIPT SUBMISSION
7a. SUBMISSION STEPS

i. Submission Process

Please view a copy of the Submission Checklist at the beginning of this document. We
recommend that you have all items listed in the checklist complete and ready for upload
before starting your online submission. Make sure to submit a separate title page that
includes complete authors’ names, affiliations, and addresses in proper author order.
Please submit all other documents first (main text, figures, tables, etc.) before uploading
your COI forms.

ii. Review Your Submission

After uploading the files for your submission, the system will convert the files to PDF.
Make sure to review the PDF of your submission before you confirm your submission.
Please note that documents that are not viewable to reviewers (cover letter, title page,
COlI forms, etc.) may not appear in your PDF proof; simply make sure that they have
been successfully uploaded in your list of uploaded documents. Once you have reviewed
your PDF document for completeness, click “Submit” and all contributing authors will
receive an emailed confirmation. If the submission is not complete when the editorial
office receives it, it will be returned to your Author Center, with an e-mail notification
indicating the need for additional information or correction. Once a complete manuscript

is correctly submitted, your manuscript will be properly reviewed.
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7b. KEEPING TRACK

After submission, you may monitor the progress of your submission through the review
process.

Only the submitting author can view the submission, and must enter the same User
Name and

Password that was originally used to submit the manuscript to access the submission

details.

7c. EDITORIAL REVIEW AND ACTION

The editorial staff examines submitted manuscripts for accuracy and completeness and
will

customarily send most manuscript submissions to two reviewers. We aim for quick
reviewer

turnaround times, and rely on the promptness and thoroughness of our volunteer

reviewers.

8. AFTER ACCEPTANCE

If your manuscript is accepted, you will receive a link to the special Springer web page
with

questions related to:

8a. COPYRIGHT TRANSFER STATEMENT

After acceptance of a paper, a copyright transfer statement signed by the corresponding

author is required and must be uploaded to Production via the My Publication stage.

8b. AUTHOR PROOFS

After a submission is accepted and the copyright has been completed, the author
receives emailed notification of proofs from the Springer Production Office. The author
is solely responsible for ensuring that the author-approved proofs are complete and
accurate before approving them. Substantial changes in content are not allowed at the
proofs stage, and no changes can be made after an article proof has been approved and
has been officially published

Online First. If changes are required after this stage, an erratum may be necessary.

8c. OPEN CHOICE
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In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer provides an alternative publishing option: Springer Open Choice.
A Springer Open Choice article receives all the benefits of a regular subscription-based
article, but in addition is made available publicly through Springer's online platform
SpringerLink. Regretfully, Springer Open Choice cannot be ordered for published
articles. Go to: http://www.springer.com/gp/openaccess/springer-open-choice for more
information about this option.

8d. PUBLICATION OF COLOR FIGURES

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

8e. OFFPRINTS/ REPRINTS

Can be ordered via the Springer web page.



