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RESUMO

A obesidade é uma doenca crénica manifestada pelo excesso de tecido adiposo decorrente de
hiperplasia e/ou hipertrofia dos adipdcitos. Ocorre devido a um desequilibrio entre o ganho e
0 gasto energético, onde o balango energético positivo, de maneira cumulativa e prolongada,
gera a doenca. Apresenta etiologia multifatorial, com dimensdes psicossociais e biologicas
consideraveis e que vém adquirindo proporcdes alarmantes. E considerada um dos principais
problemas de satde publica da sociedade moderna. A obesidade, sobretudo a visceral, esta
associada com aumento da producdo de citocinas pré-inflamatdrias, gerando um processo
inflamatdrio crénico e resisténcia insulinica, contribuindo para o desencadeamento do
diabetes mellitus tipo 11 (DM2) e suas consequentes complicacdes micro e macrovasculares.
Além disto, o tecido adiposo representa local de producéo de componentes do sistema renina-
angiotensina (SRA). A hipertrofia dos adipdcitos aumenta a secrecdo de alguns destes
componentes, podendo gerar hipertensdo arterial e outras alteracdes cardiometabdlicas, com
repercussao na morbimortalidade da populacdo mundial. A cirurgia bariatrica, além de tratar
com eficiéncia a obesidade, tem efeitos terapéuticos no DM2 e dislipidemia. Dentre as
técnicas cirdrgicas, a gastrectomia vertical (GV), inicialmente indicada como primeira etapa
de tratamento para pacientes de alto risco ou com obesidade extrema, tem sido aventada como
opcao Unica e definitiva, devido a resultados satisfatorios quanto a perda de peso e melhora do
perfil metabdlico. Com a intencdo de reduzir o tecido adiposo visceral, a ressec¢do do omento
maior tem sido proposta durante a realizagdo das cirurgias bariatricas. H& controvérsias se a
inclusdo da omentectomia como parte da técnica cirdrgica traria beneficio metabdlico
adicional aos pacientes obesos. Este trabalho teve como objetivo avaliar os efeitos da GV em
ratos machos, com obesidade induzida por dieta, no intuito de ampliar o conhecimento desta
técnica sobre os efeitos metabolicos, na inflamacéao e na expressdo do SRA no tecido adiposo.
Avaliou também se a omentectomia associada a GV incrementaria os efeitos benéficos na
perda de peso, no perfil metabdlico e na expressao tecidual de marcadores inflamatoérios. Os
ratos foram tratados durante oito semanas com dieta padrdo (STD) ou dieta hiperlipidica
(HFD) e distribuidos em seis grupos compostos de 10 animais, cada: STD e laparotomia
(STD+L), STD e gastrectomia vertical (STD+GV), STD e gastrectomia vertical com
omentectomia (STD+GVO), HFD e laparotomia (HFD+L), HFD e gastrectomia vertical

(HFD+GV) e HFD e gastrectomia vertical com omentectomia (HFD+GVO). Foi avaliado o



perfil corporal, glicidico e lipidico e feito analises da expressdo génica de marcadores
inflamatorios (fator de necrose tumoral-alfa/TNF-alfa e interleucina-6/1L-6) e de componentes
do SRA (enzima conversora de angiotensina/ECA, enzima conversora de angiotensina
II/ECA2 e angiotensinogénio/AGT) no tecido adiposo branco. Os dados foram analisados
pelo GraphPad Prism 5.0 e 6.0, utilizando teste t de Student, testes Two-Way ANOVA e One-
Way ANOVA e poés-teste de Bonferroni. A GV levou a perda de peso, diminuicdo da
adiposidade, reducao dos niveis plasmaticos de glicose, peptideo-C, insulina e colesterol total.
Com a realizacdo da GV houve diminuicdo da expressao no tecido adiposo branco do TNF-
alfa, IL-6, AGT e ECA e aumento da expressao de ECA2. Nos animais submetidos a GV com
omentectomia também houve reducdo do peso corporal, melhora do perfil metabdlico e
diminuicdo da expressao tecidual de TNF-alfa, porém sem diferenca estatisticamente
significativa com relacdo aos grupos nos quais foi realizada apenas a GV. O trabalho
demonstrou efeitos benéficos da GV sobre a perda ponderal, perfil metabdlico, inflamacéo e
na expressao tecidual de componentes do SRA podendo, dessa forma, ser considerada uma
opcao terapéutica no tratamento da obesidade, DM2 e suas comorbidades. Neste estudo, nédo
foi demonstrado efeito benéfico adicional com a associa¢do da omentectomia a GV no perfil

glicidico, lipidico e na expresséo tecidual de marcadores inflamatorios.

Palavras-chave: Obesidade. Cirurgia Bariatrica. Omento. Sistema Renina-Angiotensina.

Citocinas.



ABSTRACT

Obesity is a chronic disease caused by the excess of adipose tissue due to the hyperplasia
and/or hypertrophy of the adipocytes. It occurs due to an imbalance between the energy intake
and expenditure, where the positive energetic balance, in a cumulative manner, results in
disease. The obesity presents a multifactorial etiology, with considerable psychosocial and
biological dimensions and has been acquiring alarming proportions. It is considered one of the
major public health problems in the modern society. The obesity, especially the visceral, is
associated with the increased production of proinflammatory cytokines, resulting in a chronic
inflammatory state along with insulin resistance, with a significant increase of diabetes
mellitus type Il (DM2) and its consequent micro and macrovascular complications. Moreover,
the adipose tissue represents an important site for the production of components of the renin-
angiotensin system (RAS). The hypertrophy of the adipocytes increases the secretion of some
of these components, which may cause arterial hypertension and other cardiometabolic
alterations with impact on the morbidity and mortality of the population. The bariatric
surgery, in addition to effectively treat obesity, also has therapeutic effects on DM2 and
dyslipidemia. Among the surgical techniques, the sleeve gastrectomy (SG) initially indicated
as the first step of the treatment for patients with high risk or with severe obesity, has been
suggested as an only and definitive option due to its satisfactory results concerning the weight
loss and improvement of the metabolic profile. Intended to reduce the visceral adipose tissue,
the resection of the great omentum has been proposed during the performance of bariatric
surgeries. However, there are controversies if the inclusion of the omentectomy as a part of
the bariatric surgery would bring an additional metabolic benefit to the obese patients. In this
context, this study aimed to evaluate the SG effects in male rats, with obesity induced by diet,
in order to expand the knowledge of this technique on the metabolic effects, inflammation and
expression of the RAS components in the adipose tissue. This study also evaluated if the
omentectomy associated with SG would increment the benefic effects regarding the weight
loss, metabolic profile improvement and in the tissue expression of inflammatory markers.
The rats were treated during eight weeks with standard diet (STD) or high-fat diet (HFD) and
divided into six groups (n=10/group): STD and laparotomy (STD+L), STD and sleeve
gastrectomy (STD+SG), STD and sleeve gastrectomy with omentectomy (STD+SGO), HFD
and laparotomy (HFD+L), HFD and sleeve gastrectomy (HFD+SG) and HFD and sleeve



gastrectomy and omentectomy (HFD+SGO). It was evaluated the body, glycemic and lipid
profile and performed analysis of the inflammatory markers (tumor necrosis factor-
alpha/TNF-a and interleukin-6/IL-6) and RAS components (angiotensin | converting
enzyme/ACE, angiotensin | converting enzyme II/ACE2 and angiotensinogen/AGT)
expression in the white adipose tissue. The data were analyzed in the Graph Pad Prism 5.0
and 6.0 program, applying the Student’s t-test, Two-Way ANOVA and One-Way ANOVA
followed by Bonferroni post-hoc test. The SG led to a significant weight loss, decrease in the
adiposity and plasma levels of glucose, C-peptide, insulin and total cholesterol. The
performance of SG was associated with a decreased expression of TNF-o, IL-6, AGT and
ACE along with an increased expression of ACE2. The animals submitted to SG along with
omentectomy also presented weight loss, improvement of the metabolic profile and decrease
of the tissue expression of TNF-o, but with no statistically significant differences when
compared to the groups of animals submitted to the SG alone. This study showed the benefic
effects of the SG on the weight loss, inflammation and in the tissue expression of the RAS
components in the white adipose tissue, allowing to be thus considered a therapeutic option to
the treatment of obesity, DM2 and its comorbidities. Additionally, in the present study it was
not established additional benefic effects of the association between omentectomy and SG in

the glycemic and lipid profile and also in the tissue expression of inflammatory markers.

Keywords: Obesity. Bariatric Surgery. Omentum. Renin-Angiotensin System. Cytokines.



APRESENTACAO

Esta dissertacdo segue a formatacdo preconizada pelo Programa de Pés-Graduacdo em
Ciéncias da Saude (PPGCS) — Unimontes / Montes Claros - MG, que recomenda a
apresentacdo de uma primeira se¢do com a introdugéo e os objetivos do trabalho, a reviséo de

literatura e a metodologia.

Uma segunda se¢do apresenta os produtos (artigos redigidos seguindo normas do periddico
escolhido, incluindo lista de referéncias utilizadas especificamente em cada artigo).

A terceira secdo € composta por consideracdes finais e/ou conclusdes e referéncias das

citacOes utilizadas na introducdo, revisao de literatura e metodologia.

Anexos e Apéndices sao incluidos apoés as referéncias.

Maiores detalhes sobre a formatacéo e normatizacdo adotadas pelo PPGCS podem ser obtidos

no enderego eletrdnico www.ppgcs.unimontes.br.
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1 INTRODUCAO

1.1 Obesidade

A obesidade é uma doenca manifestada pelo excesso de tecido adiposo decorrente de
hiperplasia e/ou hipertrofia dos adipocitos. Ocorre devido a um desequilibrio entre o ganho e
0 gasto energeético, onde o balanco energético positivo, de maneira cumulativa e prolongada,
gera a doenca (1, 2). E uma doenca cronica, com prevaléncia crescente e que vem adquirindo
proporcdes alarmantes em nivel global, sendo considerada a pandemia do século XXI (3).
Atinge tanto adultos quanto criangas, sendo atualmente destacada como a mais frequente
desordem nutricional nos paises ocidentais, determinando morbidade maior do que as
relacionadas as doengas infecciosas e a desnutricio. E um desafio e um dos principais
problemas de salde publica da sociedade moderna tanto nos paises desenvolvidos quanto nas

regides em desenvolvimento no mundo (4, 5).

A obesidade tem etiologia multifatorial. E importante destacar que a exposicdo a fendmenos
ambientais da hipermodernidade (impacto ambiental obesogénico) esta fortemente associada
com o sobrepeso e a obesidade. Dentre estes fenbmenos, podem-se citar fatores relacionados a
inatividade fisica e comportamentos dietéticos, sociais e culturais obesogénicos (6). Os fatores
dietéticos (incremento da densidade energética da dieta e aumento crescente de consumo de
acidos graxos e acgucares) e de restricdo de atividade fisica sdo desencadeantes e agravantes do
sobrepeso e obesidade (5, 7, 8). Outro fator importante é a redu¢cdo do nimero de horas de
sono. Existem evidéncias de que ha relacdo da restricdo do sono e ruptura do ritmo circadiano
com desordens metabolicas tais como obesidade, resisténcia insulinica e diabetes (9, 10).
Embora causas monogénicas da obesidade possam ocorrer, como, por exemplo, uma mutacao
no gene ou receptor da leptina, evidéncias demonstram que fatores individuais de
suscetibilidade biol6gica, entre muitos outros, interagem na etiologia da patologia e sdo
capazes de ativar ou silenciar genes envolvidos na patogénese da obesidade (11). Estudos
envolvendo o genoma humano demonstram associa¢ao entre muitos polimorfismos genéticos

com a adipogénese, mas 0s mecanismos pelos quais estas alteracGes genéticas determinam a
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obesidade ndo sdao bem compreendidos (12). Estes polimorfismos, juntamente com fatores
epigenéticos, poderiam explicar a grande diversidade de manifestacdo da obesidade entre 0s
individuos. Como causas epigenéticas, pode-se citar a microbiota intestinal, estresse e
exposicdo a substancias consideradas como desreguladoras endocrinas (13). Estudos
demonstram a importancia da microbiota na génese da obesidade e suas consequentes
desordens metabolicas. A dieta poderia induzir o aumento da prevaléncia de bactérias
obesogénicas, as quais poderiam estar associadas com aumento do peso corporal e, até

mesmo, disturbios neuropsiquiatricos (14-16).

O indice de Massa Corporal (IMC), relacdo entre peso (em quilogramas/kg) e a altura (em
metros ao quadrado/m?), é indicado na classificacdo da obesidade. De acordo com esse indice,
o0s adultos sdo classificados em grupos: 18 até 24,9 — Normal; 25 a 29,9 — Sobrepeso; 30 a
34,9 — Obeso grau I; 35 a 39,9 — Obeso grau II; maior do que 40 — Obeso grau Ill. Portanto,
um individuo é considerado obeso quando essa relacdo é igual ou superior a 30 kg/mz2
Obesidade extrema ou severa ocorre quando esse indice é igual ou superior a 40 kg/mz2 (1).
Dados de estudos epidemiologicos demonstram uma correlacdo direta entre excesso de tecido
adiposo visceral com aumento do risco de doencas cardiometabdlicas. Entretanto, uma
mensuracao precisa do tecido adiposo abdominal requer exames radioldgicos de alto custo.
Por isso, a medida da circunferéncia abdominal é recomendada como marcador importante da
guantidade de tecido adiposo abdominal (subcutaneo e visceral), podendo identificar

pacientes com maior risco cardiometabolico (17).

Em 2014, segundo a Organizacdo Mundial de Satde (OMS), 39% dos adultos acima de
dezoito anos no mundo estavam com sobrepeso (IMC: 25 a 29,9 kg/m?) (39% dos homens e
40% das mulheres) e 13% estavam obesos (IMC > 30 kg/m?) (11% dos homens e 15% das
mulheres). Entéo, aproximadamente dois bilhdes de adultos no mundo estdo com sobrepeso e,
destes, mais de meio bilhdo sdo obesos. Segundo a OMS, a prevaléncia de sobrepeso e
obesidade é mais alta no continente americano, com 61% de sobrepeso em ambos 0s sexos e
27% de obesidade (18). Se as tendéncias recentes continuarem, em 2030, mais de 57,8% da
populacdo mundial adulta (3,3 bilhdes de pessoas) podera estar com sobrepeso ou obesidade
(19). A obesidade na infancia também é um dos mais sérios desafios na saide publica do
século XXI. O problema ¢ global e esta afetando também os paises de baixa e média renda,
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especialmente em ambientes urbanos. A prevaléncia tem aumentado em ritmo alarmante (3).
Globalmente, em 2013, o nimero de criangas com menos de cinco anos com excesso de peso,
foi estimado em mais de 42 milhGes. Cerca de 31 milhdes delas vivem em paises em
desenvolvimento (18). No Brasil, em 2013, segundo o Ministério da Saude, 51% da
populacdo acima de 18 anos estava com sobrepeso (IMC: 25 a 29,9 kg/m?) e 17% com
obesidade (IMC > 30 kg/m?) (20). O sobrepeso e a obesidade acarretam uma grande
sobrecarga econdmica ao sistema de salde e a sociedade, deixando evidente a necessidade de

intervencdes preventivas e terapéuticas (21).

A obesidade é uma condicdo complexa, com dimensdes sociais, bioldgicas e psicossociais
consideraveis, acarretando um risco aumentado de aparecimento e agravamento de varias
doencas cronicas, além de prejuizo na qualidade de vida. Quanto mais tempo o individuo se
mantém obeso, maior é a possibilidade de ocorrerem doencas e complicagbes (5). As
complicacdes cardiovasculares principais sdo hipertensdo arterial sistémica, hipertrofia
ventricular esquerda com ou sem insuficiéncia cardiaca, doencga aterotrombética e doenca
coronariana (4, 22). As complicacGes enddcrino-metabolicas correlacionadas com obesidade
sdo hiperuricemia com ou sem gota, resisténcia a insulina, hiperinsulinemia, maior
predisposicdo ao diabetes mellitus tipo Il (DM2), intolerancia a glicose e dislipidemia com
aumento do colesterol total, de triglicerideos e de lipoproteina de baixa densidade (LDL) e
reducdo de lipoproteinas de alta densidade (HDL) (22-24). Do ponto de vista osteoarticular, a
obesidade pode predispor a artroses, osteoartrites, epifisidlise da cabeca femoral, genu valgum
e coxa vara. Pode estar associada com alteracBes ginecoldgicas e obstétricas como
infertilidade, disturbios menstruais, doenga hipertensiva gestacional, diabetes gestacional e
doenca tromboembdlica durante a gravidez (5). Com relacdo ao trato gastrointestinal, a
obesidade favorece o aumento da prevaléncia de litiase biliar, coledocolitiase, esteatose
hepética, esteatohepatite e cirrose hepatica (22, 25). Estudos demonstram que existe
associacdo significativa entre obesidade e diversos tipos de neoplasias, como, por exemplo,
neoplasia de colon, de mama, endométrio, rim e esdfago. Estes dados, e o aumento da
tendéncia mundial de obesidade, sugerem que o0 excesso de ingestdo caldrica pode ser a maior
causa evitavel de cancer em ndo fumantes (26, 27). Com relagdo ao aparelho respiratério, ha a
tendéncia a hipoxia devido ao aumento da demanda ventilatoria, aumento do esforgo

respiratorio, diminuicdo da eficiéncia da musculatura respiratoria, diminuicdo da reserva
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funcional e dos volumes pulmonares, microatelectasias, hipopneia e apneia obstrutiva do
sono, Sindrome de Pickwick, infecgdes pulmonares e asma (28). Existem diversas
manifestacBes psicossociais e psiquiatricas relacionadas a obesidade como discriminacao
social, isolamento com afastamento das atividades sociais, depressdo e transtornos
alimentares (bulimia e disturbio do comer compulsivo) (29). Também podem ser observadas
alteragbes da coagulacdo (hipercoagulabilidade e hipofibrindlise devido ao aumento da
apolipoproteina B e do inibidor do ativador do plasminogénio/PAI-1 e fibrinogénio) (30).
Existe evidéncia de que os pacientes obesos, ou mesmo com sobrepeso, apresentam um risco
aumentado de mortalidade com relacdo aos que apresentam IMC menor que 25 kg/m2, com
diminuicdo da expectativa de vida, principalmente quando s&o portadores de obesidade
morbida. E justamente o avanco do conhecimento médico sobre o aumento da
morbimortalidade que enfatiza a necessidade de intervencdo médica no tratamento da
obesidade (4, 31).

A associacdo de fatores de risco cardiovasculares com obesidade abdominal estd bem
estabelecida. Embora ainda seja necessaria uma classificacdo universal, a obesidade
abdominal é considerada componente importante da Sindrome Metabdlica (SM) (32, 33). A
SM é definida como um transtorno complexo representado pela coexisténcia, em graus
variados, de um conjunto de fatores de risco cardiovasculares que incluem a obesidade
visceral (centripeta), dislipidemia, alteracdo na homeostase glicémica (DM2, intolerancia a
glicose ou resisténcia insulinica) e hipertensdo arterial sistémica. Outros achados incluem
estado pré-inflamatério, microalbumindria e hipercoagulabilidade (34). A obesidade,
resisténcia insulinica e DM2 tém sido caracterizados como um estado inflamatério crénico
gue esta associado com concentracdes anormais de citocinas, reagentes de fase aguda e varios
biomarcadores de vias de sinalizacdo inflamatorias (35). Em 1988, Reaven introduziu o termo
sindrome X e identificou a resisténcia a insulina, definida como a menor captacao da glicose
pelos tecidos periféricos, como o substrato fisiopatolégico comum da sindrome (36). Em
1999, a OMS estabeleceu o termo unificado Sindrome Metabdlica, pois os estudos nao
identificaram a presenca de resisténcia a insulina como Unico fator causal de todos os
componentes da sindrome (37). Mutacbes e polimorfismos nos genes associados com a
resisténcia a insulina, anormalidades nos adipocitos, hipertenséo e alteragdes lipidicas ocupam

tambem papel importante na etiopatogenia da sindrome (38). Existem critérios diferentes para
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o diagndstico de SM, podendo-se destacar os critérios da Federacdo Internacional de Diabetes
(IDF), o NCEP-ATPIII (National Cholesterol Education Program Adult Treatment Panel 111)
e os critérios da Organizacdo Mundial da Saude (39). Os critérios da IDF reconheceram a
obesidade central como fator importante e determinante da SM, destacando a associacéo entre
circunferéncia abdominal, doencas cardiovasculares e outros componentes da SM. Desse
modo, a obesidade visceral foi colocada na posicdo central e, nesta definicdo, como
componente essencial da SM (40).

1.2 Tecido Adiposo como Orgéo Enddcrino

O tecido adiposo esta localizado em diversos sitios anatbmicos (depositos mdaltiplos), que
coletivamente foram chamados de 6rgdo adiposo (41). E composto por dois compartimentos
principais: subcutdneo e visceral. Porém, existem ainda diversos outros depositos
especializados em tecidos linfoides, adipocitos mamarios e células-mde da medula dssea,
dentre outros (42). O tecido adiposo apresenta funcdes como armazenamento e liberacdo de
energia e também atua como 6rgdo enddcrino, secretando diversas substancias fundamentais
na homeostasia do organismo (43). A capacidade de armazenamento energético €
virtualmente ilimitada. Resulta do aumento das reservas de cada adipécito (favorecimento da
lipogénese relativamente a lipdlise) e da replicacdo e diferenciacdo de pré-adipdcitos. A
auséncia de limite representa vantagem adaptativa em curto prazo, e desvantagem em longo
prazo, traduzida em disfuncdo enddcrino-metabodlica (44). Existe uma grande especializacdo
fisioldgica e heterogeneidade de células adiposas no organismo. O tecido adiposo é composto
por dois tipos citoldgicos funcionalmente distintos: o tecido adiposo branco (TAB) e o tecido
adiposo marrom (TAM) (45). O TAB, localizado nas regides subcutanea e visceral, armazena
energia na forma de triglicerideos e participa da regulacdo do balanco energético mediante
processos de lipogénese e lipdlise. E composto anatomicamente por adipécitos, células do
sistema imune, tecido conjuntivo, nervoso e vascular. E considerado um importante 6rgéo
enddcrino metabolicamente ativo (43, 46). O TAB visceral é composto principalmente pelos
tecidos adiposos mesentéricos e omentais, 0s quais sdo drenados, atraves da circulagdo portal,

para o figado (42). O TAM ¢ altamente ativo no metabolismo oxidativo e dissipacdo de
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energia quimica através da proteina desacopladora 1 (UCP1). As células marrons utilizam
mais UCP1 mitocondrial para realizar os processos quimicos da respiragdo e dissipar energia
quimica sob a forma de calor, constituindo um fator de protecdo contra hipotermia, obesidade
e diabetes. O efeito termogénico, obtido através da ativacdo do TAM, leva a aumento do gasto
energético, reducdo da adiposidade, reducdo dos niveis de glicose e de lipidios plasmaticos,
contribuindo para uma melhor homeostase. Além disto, os adipdcitos marrons também
secretam fatores que atuam localmente e sistemicamente para influenciar o metabolismo

energético (47).

Mais recentemente, também ficou demonstrado que o TAB contém células que podem
expressar altos niveis de UCP1 e adquirir uma aparéncia multilocular sob estimulo
prolongado do frio ou outras vias que elevam o nivel intracelular do AMP ciclico (CAMP). O
classico TAM, exemplificado pelos depdsitos interescapulares dos roedores, é derivado de
uma linhagem celular myf-5 de modo semelhante a da musculatura. As células semelhantes as
do tecido marrom (brown-like cells) localizadas nos dep6sitos do tecido adiposo branco
(linhagem ndo-myf-5) sdo denominadas células bege, que constituem um tipo citol6gico de
tecido adiposo recém-descoberto (48). Estudos ainda sdo necessarios para responder questdes
como presenca e quantidade de células beges precursoras nos varios depdsitos de TAB, e se e
como 0 pool dessas células contribuem de fato para o status metabo6lico dos humanos.
Acredita-se que, em estado basal, as células beges representam um alto percentual de
adipdcitos em depositos subcutaneos em comparagdo com os depdsitos viscerais (49). Quando
0s animais sdo expostos ao frio ou recebem um estimulo B-adrenérgico cronico, os adipdcitos
beges pré-existentes passam por uma diferenciacdo e irdo se assemelhar morfologicamente e
histoquimicamente as células marrons. Por outro lado, nos depdsitos mais resistentes ao
browning, como os depdsitos de tecido branco abdominal, as células bege precursoras tém

inicialmente que sofrer proliferagcdo antes que a conversdo em tecido marrom ocorra (49).

Com o desenvolvimento de técnicas moleculares, tém sido identificadas varias substancias
ndo peptidicas e peptideos bioativos expressos e secretadas pelo tecido adiposo, que
influenciam ndo apenas a fungdo adipocitaria, mas também interferem em vérias vias
metabolicas por meio da circulagdo sanguinea. Portanto, o tecido adiposo é um o0rgéo

endocrino dindmico que secreta mediadores inflamatorios e imunomediadores denominados
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em conjunto como adipocinas (50). As adipocinas séo altamente diversificadas em termos de
estrutura proteica e funcdo fisioldgica, atuando como fatores anti-inflamatorios e pro-
inflamatorios (51). Exercem um importante papel na regulagdo do consumo alimentar e da
sensibilidade insulinica e, em alguns casos, atuam diretamente na resisténcia insulinica do
tecido muscular esquelético, figado e tecido adiposo (51, 52). Elas incluem as citocinas
classicas, fatores de crescimento, proteinas envolvidas na regulacdo da pressdo arterial,
homeostase vascular, metabolismo lipidico, glicidico e angiogénese. A adiponectina e leptina
sdo as adipocinas mais abundantes sintetizadas pelo tecido adiposo (53). A desregulacdo na
secrecdo destas adipocinas, a lipotoxicidade pelo excesso de acidos graxos livres e as
diferengas na localizagéo predominante do tecido adiposo (visceral ou subcutaneo) séo fatores
importantes associados a resisténcia insulinica, aumento do DM2 e das doencas
cardiovasculares (54). Vérias destas moléculas secretadas pelo tecido adiposo podem agir
como sinais endocrinos, paracrinos e autocrinos na regulacdo da homeostase energética,
incluindo a autorregulagdo do crescimento e desenvolvimento do adipdcito, angiogénese
(fator de crescimento endotelial vascular/VEGF), homeostase glicémica (adiponectina, leptina
e TNF-alfa), reatividade vascular (inibidor do ativador de plasminogénio 1/PAIl-1) e na

regulacao da pressdo sanguinea (angiotensinogénio) (43, 55).

Além da importancia como 6rgdo enddcrino, o tecido adiposo também é considerado um
orgdo imunolégico. A obesidade é uma adiposopatia (sick fat) com efeitos enddcrinos e
imunes adversos que podem levar a doencas metabdlicas (56). Dentre as manifestacGes da
adiposopatia, podemos citar: alteracdes na adipogénese (proliferacdo e diferenciacdo dos
adipdcitos), adiposidade visceral, crescimento de tecido adiposo mesmo em areas sem
adequado suprimento vascular e deposicdo ectopica de gordura (56). Desse modo, podemos
agrupar as adipocinas, de acordo com a sua principal funcdo, em adipocinas com funcéo
imunolégica, cardiovascular, metabdlica e enddcrina. Dentro do primeiro grupo incluem-se a
IL-6, 0 TNF-alfa, e os fatores do complemento B, C3 e D (adipisina). Estas moléculas tém
funcBes bem definidas nos estados inflamatérios (57). Nos grupos das adipocinas com fungéo
predominantemente cardiovascular, destacam-se as moléculas do sistema renina-angiotensina
e o inibidor do plasminogénio (PAI-1) (55). As moléculas com funcdo metabolica
desempenham um papel na homeostasia energética. As adipocinas envolvidas nesses

processos sdo os acidos graxos livres (AGL), a adiponectina, a resistina, o agouti related
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peptide (AGRP) e a visfatina (acdo insulinomimética) (58). Além das citadas anteriormente,
existem outras com diferentes func¢des, como: interleucina 1 (IL-1), CC- chemokine ligand 2
(CCL2), visceral adipose-tissue-derived serine protease inhibitor (VASPIN), proteina ligante
de retinol 4 (RBP4), apelina (importante fator angiogénico), resistina e omentina, dentre
outras (59). A omentina é uma nova adipocina expressa preferencialmente no tecido adiposo
visceral que tem sido alvo de interesse devido seus efeitos favoraveis na inflamacéo,
homeostase glicémica e protecdo cardiovascular. Estd negativamente associada com a
resisténcia insulinica e a obesidade, além de variaveis como IMC, leptina e circunferéncia
abdominal. Em contrapartida, a omentina se relaciona positivamente com a adiponectina e
HDL. Semelhantemente a adiponectina, a perda de peso induzida aumenta 0s niveis
circulantes de omentina e melhora a sensibilidade insulinica (60). Além das adipocinas, 0
TAB expressa numerosos receptores responsivos a sinais aferentes do sistema nervoso central
e do sistema enddcrino. Dentre esses varios receptores, evidenciam-se os de insulina,

glucagon, peptideo semelhante ao glucagon 1 (GLP-1), leptina, IL-6 e TNF-alfa (53, 61).

Por outro lado, as células musculares tém sido identificadas como células com alta capacidade
de secrecao e também representam uma fonte importante de moléculas, com efeitos locais ou
a distancia (62). As miocinas sdo, portanto, citocinas ou outros peptideos que sdo produzidos,
expressados e liberados pelas fibras musculares podendo ser autdcrinos, paracrinos ou
enddcrinos. A inter-relacdo entre adipocinas e miocinas representa um balanco necessario a
homeostase metabolica (63). No caso da obesidade, o tecido adiposo secreta adipocinas, as
quais contribuem para estabelecer um processo inflamatdrio crbnico, que desencadeara
processos patolégicos como a aterosclerose e resisténcia insulinica (64). A musculatura
esquelética € capaz de produzir miocinas, que conferem alguns dos beneficios do exercicio
fisico (65). As miocinas podem regular os efeitos prejudiciais das adipocinas pro-
inflamatorias. Mesmo curtos periodos de inatividade fisica sdo associados com alteragdes
metabdlicas, incluindo diminuicdo da sensibilidade insulinica, atenuacdo do metabolismo
lipidico pos-prandial, perda de massa muscular e acumulo de tecido adiposo visceral. As
miocinas identificadas incluem: miostatina, leukemia inhibitory factor (LIF), interleucina-4
(IL-4), interleucina-6 (IL-6), interleucina-7 (IL-7), interleucina-15 (IL-15), brain-derived
neurotrophic factor (BDNF), insulin-like growth factor 1 (IGF-1), fibroblast growth factor
(FGF-2), follistatin-related protein 1 (FSTL-1), irisina, dentre outras (66).
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1.3 Marcadores Inflamatorios

A composicdo do tecido adiposo pode variar de acordo com sua localiza¢do anatdmica e peso
corporal. Nos obesos, o0 tecido adiposo é caracterizado pela hipertrofia e hiperplasia de
adipdcitos, infiltracdo de macrofagos, ativacdo de células endoteliais e fibrose (67). Com a
hipertrofia dos adipdcitos, ocorre compressao dos vasos sanguineos no TAB, hipoxia local e
apoptose de alguns adipdcitos, desencadeando a cascata da resposta inflamatéria e também o
processo de angiogénese. Portanto, a condi¢cdo de hipdxia poderia ter um papel central como
estimulo a quimiotaxia de macréfagos e inducdo da expressdo de genes pré-inflamatdrios
(54). O conceito de obesidade como processo inflamatorio cronico se sustenta no fato de que
o nivel circulante de muitas citocinas e proteinas de fase aguda associadas a inflamacao
apresenta-se elevado em obesos, ha expressao de genes inflamatdrios pelos adipocitos e existe
infiltracdo de macrdfagos no tecido adiposo correlacionada com o crescimento deste tecido.
(68). Os adipocitos secretam varias citocinas e proteinas de fase aguda que, direta ou
indiretamente, elevam a producéo e circulacdo de fatores relacionados a inflamacéo (68, 69).
A origem dos marcadores inflamatorios na obesidade, possivelmente, é a partir da secre¢édo
pelos préprios adipdcitos, a partir da secrecdo do TAB que estimularia a producdo de
marcadores pelo figado e outros 6rgdos, por 6rgaos nao adiposos, principalmente figado e
células imunes, ou uma combinacdo destas trés situacdes anteriores (67). O desenvolvimento
de um processo inflamatdrio no tecido adiposo em excesso pode ser o evento primario na
génese das alteracdes metabdlicas e vasculares e pode ser a condi¢do que associa a obesidade
com resisténcia insulinica, DM2, hiperlipidemia, aterosclerose e outros componentes da SM
(35, 69).

O TNF-alfa é uma citocina pro-inflamatéria com acdo autdcrina, paracrina e enddcrina. Foi
inicialmente identificada como um polipeptideo produzido por macréfagos durante infecgdes
e neoplasias, situacOes estas que contribuem para o desenvolvimento e inducdo de caquexia.
Seus niveis circulantes estdo elevados em pacientes obesos e reduzem apds a perda de peso
(70). O TNF-alfa apresenta grande diversidade de atividades bioldgicas, as quais incluem:
respostas imunoldgicas, reacdes inflamatorias e neovascularizacdo. Pode inibir a proliferacao

de células tumorais e promover apoptose celular. Atua no adipocito, desempenhando papel
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regulador no acimulo de gordura corporal, pela inibicdo da lipogénese, com diminuicdo da
expressao da LPL, do GLUT-4 e da acetil-CoA sintetase, bem como com aumento da lipdlise.
Apesar do TNF-alfa ser pouco expresso no TAB, sua expressdo esta modificada no TAB de
obesos, onde apresenta superexpressao (71). Sua expressao é maior no tecido adiposo visceral
do que no subcutaneo e sua producdo principal é dada pelos macrofagos e, com menor
participagdo, pelos adipdcitos (72). Estudos mostram que seus niveis plasmaticos possuem
correlacdo positiva com a obesidade e a resisténcia insulinica. A neutralizagdo de receptores
de TNF-alfa ou delecdo génica deles parece melhorar a sensibilidade insulinica (67). Além de
prejudicar a sinalizacdo insulinica, o0 TNF-alfa influencia a expressao génica. No TAB, ele
inibe a expresséo de genes envolvidos na captacdo e armazenamento de &cidos graxos livres e
glicose (diminui GLUT-4, diminui captacdo de glicose); suprime genes de fatores de
transcricdo envolvidos na lipogénese (aumenta a lipolise, diminui a lipase lipoproteica (LPL),
diminui lipogénese); diminui a expressao da adiponectina e aumenta a IL-6 (73). Esta
envolvido no processo de inflamagdo, pois desempenha um papel principal na cascata das
citocinas e estimula a sintese de outras citocinas, como IL-6, e proteinas de fase aguda
associadas ao processo inflamatério. Assim como a IL-6, o TNF-alfa é mediador central da
resposta de fase aguda, pois também determina a producdo e a elevacdo das concentragdes
plasmaéticas estimuladas pelo figado de fibrinogénio, proteina amiloide sérica A (SAA),
inibidor do ativador de plasminogénio-1 (PAI-1) e, em especial, da proteina C reativa (PCR)
(74). Estudos tém demonstrado correlacdes significativas entre o TNF-alfa e 0s componentes
da SM: triacilglicerol, HDL e presséo arterial sistélica além das correlacGes entre TNF-alfa e
IMC, sensibilidade insulinica e PAI-1. Visto que o TNF-alfa estd correlacionado com o0s
componentes da SM, pode predizer risco para doencas cardiovasculares (30).

A IL-6 é uma citocina pré-inflamatoria produzida por vérias células (fibroblastos, células
endoteliais, mondcitos, adipécitos, macrofagos, etc.). Desempenha importante papel no
metabolismo lipidico por aumentar a lip6lise, com inibicdo da LPL e aumento da liberacdo de
acidos graxos livres e glicerol. Importante papel também no metabolismo dos carboidratos
pela supressdo da expressdo de receptores e sinalizadores de insulina (reducdo da expressao
do substrato do receptor de insulina-1 (IRS-1) e GLUT-4 nos tecidos muscular e hepatico)
(67). Portanto, estd relacionada com a obesidade, desenvolvimento de hiperinsulinemia e

resisténcia insulinica (75). Valores séricos de IL-6 foram associados com hipertensédo arterial
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e com a circunferéncia da cintura, indicando que pessoas com obesidade central possuem
maior risco de desenvolver SM, lesdes ateroscleréticas e eventos cardiovasculares (74). A IL-
6 desempenha funcBes nos mecanismos imunes celulares e humorais relacionados a
inflamacdo. E mediadora central da resposta de fase aguda e a principal citocina pro-
coagulante, pois determina a producdo e elevacdo das concentracdes plasmaticas das proteinas
hepéticas de fase aguda como o fibrinogénio, SAA e, em especial, da PCR (73). Parece ter
também propriedades anti-inflamatérias desde que haja diminuicdo do TNF-alfa e do
Interferon y (IFN-y). A IL-6 pode agir de forma distinta, dependendo da sua concentracédo
organica, tanto nos tecidos periféricos quanto no sistema nervoso central, influenciando o

peso corporal, a homeostase energética e a sensibilidade insulinica (65).

A PCR é uma proteina de fase aguda, sintetizada predominantemente pelo figado e com sua
producdo estimulada e regulada pelos niveis circulantes de IL-6, IL-1 e TNF-alfa. Seus niveis
também podem sofrer alteracdes durante processos inflamatorios crénicos e niveis elevados
no plasma séo considerados como preditores independentes de doenca coronariana (76, 77). A
quantidade de PCR circulante é proporcional ao indice de Massa Corporal (IMC), obesidade
visceral e circunferéncia abdominal e inversamente proporcional a adiponectina. Niveis
elevados deste marcador inflamatério tém sido associados & obesidade, risco de DM2 e
doencas cardiovasculares (35, 78). A PCR ndo é apenas um marcador de atividade
inflamatdria. Participa diretamente do processo de aterogénese, modula a funcdo endotelial,
induz a expressdo de varias moléculas (intercellular adhesion molecule/ICAM-1, vascular
cell adhesion molecule/VCAM-1, monocyte chemoattractant protein-1/MCP-1 e selectinas),
regula a producgdo de 6xido nitrico no endotélio e coordena a producédo e secrecdo de varias

citocinas, aumentando a atividade pré-inflamatoria de diversas adipocinas (79)

1.4 Sistema Renina-Angiotensina (SRA)

O SRA é um dos mais importantes sistemas envolvidos na regulagdo da pressdo arterial e
homeostasia cardiovascular, estando intimamente associado com a patogénese das doencas

cardiovasculares (80). Consiste primariamente em uma cascata enzimatica coordenada, na
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qual a renina (enzima sintetizada e armazenada nas células justaglomerulares dos rins) age
sobre o angiotensinogénio (AGT), que é uma globulina e, este é convertido para angiotensina
(Ang) | com propriedades vasoconstrictoras brandas e, subsequentemente, para Ang Il pela
acao da enzima conversora de angiotensina (ECA). A Ang Il é um potente vasoconstrictor e,
assim como o AGT, tem varias fungdes metabdlicas (81). Ha evidéncias de que 0 SRA é um
sistema hormonal complexo. Néo € apenas circulante, apresenta também expressao e secrecao
tecidual e possui diferentes peptideos com diversas atividades biologicas (82). As
angiotensinas sdo formadas no plasma e em outros tecidos a partir de precursores e substratos
localmente expressos ou provenientes da circulacdo, como por exemplo, no cérebro, rim,

coracdo e vasos, exercendo importantes fungdes nestes 6rgéos (83).

O tecido adiposo representa também um local de producdo de componentes do SRA e existe
interacdo dos componentes teciduais deste sistema com componentes circulantes (83). A
hipertrofia dos adipdcitos aumenta a secre¢do de componentes do SRA podendo gerar varias
alteragOes cardiovasculares e metabolicas (84, 85). O SRA do tecido adiposo, regulado por
fatores hormonais e nutricionais, é influenciado pelo grau de obesidade. A ativacdo do SRA
em obesos pode determinar efeitos deletérios locais e sistémicos e pode contribuir para o
quadro de hipertensdo arterial sistémica e outras comorbidades associadas a obesidade (55).
Desse modo, a expressdo de genes deste sistema e seus produtos em muitos tecidos, faz com
seja considerado um sistema enddcrino. As funcdes autocrina e paracrina sao importantes na
regulacdo tecidual local e atuam em sintonia com os efeitos na circulacdo (funcdo endocrina)
e, sob diferentes condicBes, podem influenciar a resposta farmacoldgica dos inibidores do
SRA. Existe evidéncia de que a ECA tecidual pode ser o local priméario de acdo dos inibidores
da ECA (IECA). Consequentemente, a duracdo da acdo de um IECA pode depender mais da
duracdo da inibicdo tecidual do que da meia-vida plasmatica da droga (86). Ha evidéncias
também de que o SRA contribui para a regulacdo do peso corporal por sua acdo em diversos
tecidos (87, 88). Portanto, 0 SRA, além de sua importante funcdo na regulacdo da funcéo
cardiovascular e balanco hidroeletrolitico, também é reconhecido por seus potenciais papéis
em varios aspectos da SM, podendo ter atribuicdes como fator causal de varias comorbidades

associadas a obesidade (87).

Os niveis de mMRNA AGT sdo 60% maiores no tecido adiposo do que no figado, que é
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considerado a principal fonte de AGT. O AGT foi descrito no tecido adiposo visceral em
maior quantidade do que no tecido adiposo subcutaneo e ha correlacdo positiva entre AGT
expresso no tecido adiposo visceral e o IMC e pressao arterial, corroborando com estudos que
mostram que o AGT pode ser determinante na distribuicdo do tecido adiposo e pode estar
envolvido na SM (55, 89).

A Ang | é catabolizada pela ECA em um octapeptideo com relevantes a¢des bioldgicas, a Ang
I1, que age através de seus receptores especificos AT1 e AT2, os quais sao glicoproteinas com
30% de similaridade em sua sequéncia estrutural e agem como mediadores da atividade da
Ang 1l sobre o sistema cardiovascular e outros 6rgdos. Na maioria dos mamiferos, incluindo
os humanos, ja foi demonstrada a presenca dos receptores AT1 no cortex e medula da
suprarrenal, nos tabulos proximais e glomérulos renais, nos musculos cardiacos, na
musculatura dos vasos sanguineos e no cérebro. Os receptores AT2 também estdo presentes
em muitos tecidos, incluindo a glandula suprarrenal, coracdo e cérebro. Muitas das funcdes
nestes locais ainda ndo foram elucidadas, mas pressupde importantes papéis fisiologicos (90).
A Ang Il também pode ser formada por outras vias independentes da renina, pela acdo de
catepsinas e quimases. E um dos mais potentes vasoconstritores conhecidos, sendo
considerada o principal componente biologicamente ativo do SRA (91). Dentre as principais
acOes da Ang Il via AT1, podemos considerar a indugéo da vasoconstricdo (preferencialmente
renal, cerebral e coronariana); a retencdo renal de sédio (via liberacdo de aldosterona);
retencdo renal de agua (via liberacdo de vasopressina); supressdo da renina (por feedback
negativo); hipertrofia de masculo liso e cardiomidcitos; estimulagdo de fibrose no miocérdio e
vascular; efeito inotrépico positivo (contragdo de cardiomidcitos); ativacdo do sistema
nervoso simpatico e estimulacdo da formacdo de espécies reativas de oxigénio (90). A Ang Il
estd altamente correlacionada com a disfuncdo endotelial presente nos pacientes hipertensos,
diabéticos, obesos e com SM (92). O receptor AT2, na maioria das vezes, exerce efeitos
opostos as acdes mediadas pelo receptor AT1. Os principais efeitos de sua ativacdo sdo o
antiproliferativo (inibicdo do crescimento celular), vasodilatacdo e protecdo contra isquemia
cardiaca (87, 90).

No quadro de SM foi descrito aumento da atividade da renina plasmatica, maior nivel
plasmatico de angiotensinogénio e aldosterona e maior atividade da ECA (88). Além da
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contribuicdo do SRA, principalmente via Ang Il, na génese da SM, interacfes em diferentes
niveis desse sistema com a insulina sd8o implicadas como fator fundamental para o
desenvolvimento da DM2 (88). A Ang Il, via receptor AT, e a aldosterona podem modular as
acOes metabdlicas da insulina, induzindo a resisténcia insulinica, hiperglicemia e elevacéo dos
niveis de lipoproteinas de densidade muito baixa (VLDL) e triglicérides (87). A Ang Il
também contribui com o estresse oxidativo, inflamac&o e apoptose das células p-pancreéticas
(88). Por outro lado, a hiperglicemia e a hiperinsulinemia ativam o SRA, que pode assim
induzir ao quadro de hipertensao arterial, disfuncéo cardiovascular e renal (80). Dessa forma,
substancias produzidas pelo tecido adiposo podem ativar o SRA, contribuindo com as
alteragBes cardiovasculares e renais associadas a obesidade e a sindrome metabdlica (92).
MedicacOes utilizadas para o tratamento da hipertensdo arterial, que reduzem a sintese ou
acao da Ang Il, também tem acdes terapéuticas na prevencdo da resisténcia insulinica e
controle do DM2 (92).

O SRA possui outros peptideos com atividades bioldgicas diversas. A Ang-(1-7) € um
heptapeptideo formado primariamente a partir da Ang Il pela acdo da ECA2 e prolil-
carboxipeptidase (PCP) e a partir da Ang | através da acdo da ECAZ2, da prolil-endopeptidase
(PEP), e endopeptidase neutra (NEP) (93). A Ang-(1-7), agindo via receptor Mas, geralmente
promove ag¢des antagdnicas as produzidas pela Ang 11 (94). Trabalhos experimentais mostram
a importancia da Ang-(1-7) sobre o perfil lipidico e glicidico e sobre o perfil inflamatorio no
tecido adiposo. Altos niveis plasmaticos de Ang-(1-7) cronicamente atenuam o perfil pro-
inflamatorio do tecido adiposo, protegendo contra o estresse metabélico induzido por dieta
hiperlipidica (95, 96). O aumento dos niveis plasmaticos da Ang-(1-7) também gera um
incremento no perfil glicidico e lipidico demonstrado por melhora na tolerancia a glicose e

sensibilidade insulinica bem como decréscimo na dosagem de triglicérides e colesterol (96).

1.5 Tratamento Cirurgico da Obesidade

As cirurgias bariatricas sdo um conjunto de técnicas cirargicas, com respaldo cientifico, com
ou sem uso de orteses, destinadas a promocao de reducédo ponderal e ao tratamento de doencas
que estdo associadas e/ou que sdo agravadas pela obesidade (97). A cirurgia bariatrica
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apresentou fases distintas em sua evolucdo. A fase pioneira ocorreu quando se observou que
procedimentos cirurgicos poderiam ser realizados com a finalidade exclusiva de induzir a
perda de peso. Posteriormente, houve um grande avangco com a realizacdo das cirurgias
bariatricas por videolaparoscopia. Na ultima década, tem sido estudado os efeitos metabdlicos
associados a estas cirurgias (98). O termo cirurgia bariatrica deriva da palavra grega baros
que significa peso e inclui os procedimentos cirargicos realizados com a finalidade de levar a
perda substancial de peso. Originalmente, o objetivo primordial destes procedimentos era
alcancar esta perda de peso significativa e sustentada. Na realidade, a perda de peso é somente
uma das consequéncias da cirurgia. A cirurgia bariatrica esta associada com outros beneficios
a salde, incluindo a melhora ou mesmo a normalizacdo da hiperglicemia, dislipidemia,
pressdo arterial, apneia obstrutiva do sono e melhora da qualidade de vida, com redugéo de
riscos cardiovasculares e diminuicdo da mortalidade (99). Em virtude destes amplos
beneficios da perda de peso e as evidéncias crescentes de que alguns procedimentos levam as
mudancas metabdlicas que ndo podem ser completamente explicadas exclusivamente por esta
perda de peso, a denominacdo cirurgia bariatrico-metabolica tem sido considerada como um

nome mais apropriado (100).

O tratamento da obesidade é complexo e considerado um problema de satde publica (101). A
cirurgia bariatrica ¢ o método que, consistentemente, resulta em perda consideravel do
excesso de peso, de maneira sustentada, com manutencao dessa perda em longo prazo e com
baixos indices de complicacdes peri e pos-operatorias e com morbimortalidade relacionada a
cirurgia considerada aceitavel (102, 103). Quando comparada com o tratamento clinico, a
cirurgia resulta em perda de peso mais significativa em longo prazo, com melhora na
qualidade de vida e controle de comorbidades em pacientes com obesidade grau Ill. Esta
perda de peso é similar quando comparado as cirurgias realizadas por laparoscopia ou por via
aberta, mas ocorrem menos complicacfes graves, a perda sanguinea € menor e a recuperacao
é mais rapida quando o procedimento é realizado por laparoscopia, embora a conversao para
cirurgia aberta seja necessaria algumas vezes (104). As indicacdes cirdrgicas,
independentemente das técnicas utilizadas, de acordo com o Consenso Bariatrico da
Sociedade Brasileira de Cirurgia Bariatrica (SBCB) incluem: a) IMC > 40 kg/m?
independentemente da presenca de comorbidades. b) IMC entre 35 e 40 kg/m? na presenca de
comorbidades. c) IMC entre 30 e 35 kg/m? na presenca de comorbidades nas quais fique
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demonstrada a intratabilidade clinica (97). Define-se comorbidade como estado patologico
causado, agravado ou cujo tratamento/controle é dificultado pela presenca do excesso de peso
ou que apresente cura/controle com a perda ponderal (97). As técnicas cirlrgicas aprovadas
no Brasil sdo: bypass gastrico (gastroplastia com reconstrucdo do intestinal em Y de Roux),

banda gastrica ajustavel, gastrectomia vertical e Duodenal Switch (97).

No Brasil, a partir de 1999, o Ministério da Saude reconheceu a necessidade do tratamento
cirurgico dos obesos moérbidos e incluiu a gastroplastia entre os procedimentos cobertos pelo
Sistema Unico de Saude. Na linha de cuidado do sobrepeso e obesidade na Rede de Atencéo
as Pessoas com Doengas Cronicas, a Portaria do Ministério da Saude n® 424/GM/MS, de 19
de marco de 2013, definiu que os pacientes com indicacdo para o tratamento cirtrgico da
obesidade sdo aqueles com obesidade grau Il e obesidade grau Il com comorbidades
(diabetes, hipertensao arterial, apneia do sono, artropatias, hérnia de disco, etc.) e que tenham
seu quadro clinico agravado pela obesidade, obesidade estavel hd pelo menos cinco anos e
que ndo responderam a tratamento conservador (dietas, psicoterapia, atividades fisica, etc.),
devendo estar com acompanhamento especializado durante, pelo menos, dois anos. Em 2011,
a Federacdo Internacional de Diabetes (IDF), considerando que o aumento da prevaléncia da
obesidade e DM2 se tornou o maior problema de salde publica no mundo, por meio de um
grupo de endocrinologistas, cirurgides e peritos em salde publica definiu as recomendacdes
das indicacdes da cirurgia e outras intervencdes gastrointestinais no tratamento e prevencao
do DM2 (105). Foi definido que a cirurgia bariatrica € uma terapéutica apropriada para
pacientes com DM2 e obesidade que ndo conseguem alcangar os objetivos terapéuticos com o

tratamento clinico, especialmente quando existem comorbidades importantes. A cirurgia deve
ser considerada nos pacientes com DM2 e IMC > 35 kg/m2 ou uma alternativa terapéutica em

pacientes com IMC entre 30 e 35 kg/m2 quando o DM2 ndo puder ser controlado
adequadamente mesmo com uma terapéutica clinica otimizada, especialmente na presenca de
outros fatores importantes de risco cardiovascular (105). A técnica a ser utilizada deve levar
em consideragao os riscos e beneficios bem como as particularidades de cada paciente (106).

A cirurgia bariatrica tem historia relativamente recente e determinou impacto na historia da
cirurgia. Durante os ultimos cinquenta anos, aproximadamente, varias técnicas cirdrgicas

foram propostas e experimentadas, utilizando-se diferentes conceitos fisiopatoldgicos (mal
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absorcéo, restricdo de consumo e combinacdo de mal absorcéo e restricdo). Todas as técnicas
podem ser realizadas por cirurgia aberta ou por via laparoscépica (99, 107). Cada modificacdo
ocorreu em resposta as deficiéncias, complicacbes e dificuldades surgidas no manejo do
paciente ao longo do periodo pos-operatério. (107). Além destes, ainda existem
procedimentos experimentais em desenvolvimento, como por exemplo, a estimulacdo gastrica
por marcapasso gastrico, com finalidade de induzir gastroparesia e perda de peso por
estimulagdo elétrica do antro. Neste procedimento, um eletrodo é posicionado na parede
gastrica entre a incisura angularis e a juncao esofagogastrica, ao longo da pequena curvatura
gastrica, conectado por um fio condutor a um marcapasso posicionado no subcutaneo,
programado para emitir estimulo bipolar para o estbmago, com consequente saciedade e perda
de peso induzidas por estimulos vagais eferentes (108).

Em 1954, Kremen, Linner e Nelson realizaram o primeiro bypass jejunoileal, que
originalmente foi o primeiro procedimento mal absortivo realizado com o objetivo primario
de induzir perda de peso. A cirurgia consistia em uma jejunoileostomia terminoterminal e
uma ileocecostomia. Como a cirurgia desencadeou varias complicacdes, como diarreia,
desequilibrio hidroeletrolitico e insuficiéncia hepatica, nesta década pouco foi produzido,
indicando desinteresse dos cirurgides por este tema (109). A década seguinte trouxe
publicacdes como a de Payne, De Wind e Scott, em 1963, realizando bypass jejuno-cdlico.
Complicacdes como distarbios hidroeletroliticos, diarreia incontrolavel e insuficiéncia
hepética, tornaram estes procedimentos proibitivos (110). O uso de estratégias restritivas
iniciou em 1966 com Manson e Ito e, rapidamente, suplantou os procedimentos que se
caracterizavam apenas por mal absorcdo. Em seu procedimento inicial, seccionaram o
estdmago de maneira horizontal, ainda sem o uso de grampeadores mecanicos, e realizaram
uma gastrojejunostomia em alca (111). A década de 70 se caracterizou por intensa atividade
na cirurgia bariatrica. Enquanto o bypass jejunoileal declinava, outros procedimentos mal
absortivos e restritivos emergiam. Na Italia, em 1979, Scopinaro criou uma derivacao
biliopancreatica, realizando uma gastrectomia parcial associada a reconstrugédo do transito em
Y de Roux com alga alimentar de 250 cm e algca comum de 50 cm (112). Anos mais tarde,
Hess e Marceau modificaram a derivacdo biliopancredtica realizando uma gastrectomia
vertical associada a preservacdo do piloro e anastomose ileal ao duodeno, conhecida como
Duodenal Switch (113, 114).
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Em 1971, Mason e Printen realizaram, pela primeira vez, um procedimento puramente
restritivo dividindo o estbmago horizontalmente da pequena para a grande curvatura gastrica,
com o transito das secre¢fes sendo feito por conduto na grande curvatura. Embora fosse uma
técnica mais fisioldgica, com maior rapidez de execucdo e menos complicagdes do que o
bypass gastrico, a dificuldade na manutencao da perda de peso fez este procedimento declinar
(115). As décadas de 80 e 90 foram marcadas por muitas publicacdes descrevendo variantes
da derivacdo géastrica em Y de Roux (bypass gastrico) (107). Em 1989, Fobi introduziu a
gastroplastia vertical com anel de silicone restritivo proximal, criando um reservatorio
gastrico drenado por uma gastrojejunostomia e, em 1998, Fobi e Lee apresentaram uma nova
variacdo da técnica adicionando gastrostomia para nutricdo, se necessario, e anel de silicone
radiopaco no estdmago excluido para facilitar o acesso percutaneo e eventual estudo

radiologico ou endoscépico futuro (116, 117).

Em 1991, Capella apresentou técnica semelhante a anterior, onde era realizada uma
gastroplastia vertical e um bypass gastrico, mas com um reservatdrio gastrico menor (10 cmd)
ao longo da pequena curvatura com extremidade inferior livre e mdvel. A anastomose era
realizada na porcao terminal livre da gastroplastia com alca jejunal em Y de Roux ascendida
em posicdo transmesocolica e retrogastrica (118). Nos anos 90, a banda géastrica ajustavel
ganhou notoriedade com o uso da laparoscopia por sua maior facilidade de execugdo e menor
tempo cirdrgico. Apesar de muito utilizada em alguns servigos, ndo apresenta 0S mesmos
resultados em longo prazo com relacdo a perda de peso quando comparada ao bypass gastrico
em Y de Roux (119, 120). No Brasil, Arthur B. Garrido Junior foi o pioneiro a introduzir a
técnica que chamou Fobi-Capella, utilizando recursos das técnicas destes dois autores.
Publicou, em 2002, o resultado de mais de mil cirurgias realizadas por sua equipe, com
mortalidade de 1% e resultados muito satisfatorios quanto a perda de peso em longo prazo
bem como a melhora de comorbidades como distarbios respiratorios, hipertensao arterial e
DM2 (121). A NIH (National Institutes of Health — Consensus Development Panel), realizado
em 1991, referendou o bypass gastrico em Y de Roux como a técnica padrdo-ouro (122). A
cirurgia de Capella é a técnica mais utilizada no Brasil, podendo ser realizada pelo método

convencional ou através de cirurgia videolaparoscépica (97).

Vaérios fatores devem ser levados em consideracdo na escolha da melhor técnica de acordo



33

com as comorbidades e o risco cirurgico do paciente (99). As novas perspectivas estdo em

torno de novos procedimentos, como a gastrectomia vertical (sleeve gastrectomy), e a

indicacdo da cirurgia bariatrica em pacientes selecionados com IMC inferior a 35 kg/m2 (105,
123). Com o avango nas técnicas de biologia molecular, sabe-se hoje do papel hormonal da
cirurgia bariatrica e, com isso, as pesquisas evoluem para o aspecto metabdlico da cirurgia
(124). Estas descobertas, no nivel celular, podem contribuir no desenvolvimento de possiveis
mecanismos de perda de peso e controle de comorbidades além da tradicional explicacdo da

reducdo do consumo alimentar e mal absorcao (99).

1.5.1 Gastrectomia Vertical (Sleeve Gastrectomy)

A gastrectomia vertical € uma técnica de cirurgia bariatrica reconhecida pela Sociedade
Brasileira de Cirurgia Bariatrica e Metabdlica e realizada, internacionalmente, de maneira
crescente (97, 125). Foi originalmente realizada como componente restritivo do procedimento
Duodenal Switch, onde a reducdo da capacidade gastrica iniciaria uma perda de peso em curto
prazo enquanto o componente disabsortivo (derivacdo biliopancreatica) manteria a perda de
peso em longo prazo. Era, entdo, indicada como primeira etapa de tratamento para paciente
com obesidade extrema e risco cirdrgico elevado (126). Envolve a criacdo de um estdmago
com limen reduzido ao longo da pequena curvatura gastrica através da resseccdo gastrica ao
longo da grande curvatura desde o fundo até o antro gastrico. Esta ressec¢do leva a formacéo
de um tubo gastrico em continuidade com o es6fago superiormente e piloro e duodeno
inferiormente. Através desta técnica, a capacidade gastrica é reduzida em 80% ou mais, as
alcas intestinais permanecem intactas e o fundo gastrico é removido (127). Mantém integra a
ordem das estruturas do tubo digestivo, fator primordial para o desempenho de suas funcdes,
mantendo a sequéncia estbmago, piloro, duodeno, jejuno e ileo. Com a resseccdo do fundo
géastrico, é retirado o principal local de producdo de grelina (128, 129). O nome desta
operacdo permanece controverso. Em 1993, Marceau et al. foram os primeiros a descreverem-
na dentro do contexto da Duodenal Switch e designaram-na como gastrectomia parietal (114).

Em 1998, Hess denominou-a de gastrectomia vertical (113). Na American Society for
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Metabolic and Bariatric Surgery é usado o termo sleeve gastrectomy (130). A Sociedade

Brasileira de Cirurgia Bariatrica e Metabdlica recomenda o termo gastrectomia vertical (97).

Muitos trabalhos recentes demonstram que este procedimento promove uma perda de peso
acentuada, melhora do perfil metabolico dos pacientes obesos e eficacia da técnica semelhante
a técnica mais comumente realizada (bypass gastrico em Y de Roux), podendo ser
recomendada como procedimento Unico e definitivo para o tratamento da obesidade e suas
comorbidades (124, 125, 131-133). Também tem efeito benéfico no controle ou cura do DM2
em pacientes com obesidade grau | sem levar a uma perda de peso indesejavel (134). Embora
seja considerada um procedimento restritivo, trabalhos experimentais e em humanos
demonstram os efeitos metabdlicos da gastrectomia vertical na diminuicdo da resisténcia
insulinica e também melhora no perfil lipidico (135, 136). A gastrectomia vertical, que era
indicada como uma primeira etapa de tratamento cirdrgico, tem sido proposta como
procedimento primario e definitivo no tratamento da obesidade devido aos resultados
satisfatorios no perfil glicidico e lipidico, tanto a curto como em longo prazo (137). Embora a
gastrectomia vertical seja tipicamente referida como um procedimento restritivo, evidéncias
sugerem que a reducdo do volume gastrico, isoladamente, provavelmente, ndo acarretaria
resultados tdo eficazes. Considera-se provavel a participacdo de mudangas hormonais,
envolvendo grelina, glucagon-like peptide-1 (GLP1), peptide YY (PYY) e outros, nos efeitos
benéficos desta técnica (124, 138).

1.5.2 Omentectomia

O omento maior é a maior prega peritoneal e pende inferiormente sob a forma de avental a
partir da grande curvatura gastrica. E constituido por tecido adiposo e, em meio a este tecido,
também existem tecidos (milky spots) ricos em macrofagos, linfocitos e células
hematopoieticas. Isto faz com que o omento seja um tecido de composicdo Unica no
organismo com propriedades de neovascularizagdo, hemostasia, desbridamento e defesa

(139). Trabalhos experimentais demonstraram que 0 omento € composto principalmente por
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tecido adiposo (93% da area omental) e pequenas ilhas de tecido linfoide. Apds sua ativacéo,
0 componente ndo adiposo (milky spots) se expande quinze a vinte vezes, podendo aumentar
de 7% até 76% da area omental. Juntamente com esse incremento do tecido ndo adiposo,
ocorre também o aumento da expressdo de fatores de crescimento e de angiogénese (vascular
endothelial growth factor/VEGF), fatores quimiotaticos (stromal cell-derived factor 1/SDF-
la) e de células progenitoras (C-X-C chemokine receptor type 4/CXCR-4 e WT-1 gene),
associados a promoc¢do da cicatrizacdo e regeneracdo de tecidos lesados (140, 141). Estas
importantes propriedades do omento com relacdo a imunologia, neovascularizacao,
hemostasia e regeneracdo, faz com que seja um Orgdo capaz de bloquear processos
inflamatorios intraperitoneais e impedir quadros de peritonites difusas, bem como acelerar a

hemostasia e regeneracao de espagos mortos e cicatrizacdo de tecidos lesados (142, 143).

Por outro lado, 0 omento constitui uma parte do tecido adiposo visceral que, quando em
excesso, produz citocinas pré-inflamatdrias, levando a um processo inflamatério crénico
correlacionado com resisténcia insulinica, intolerancia a glicose, dislipidemia, hipertensdo e
estado pro-trombotico (32, 33). Por este motivo, ressec¢des do grande omento tém sido
propostas como componente de cirurgias bariatricas, no intuito de melhorar o perfil
metabdlico e maximizar a perda de peso nos pacientes obesos. A omentectomia consiste na
disseccdo e resseccdo completa de todo omento maior ao longo da grande curvatura gastrica
até o duodeno bem como de sua insercdo no coélon transverso até o bago (144). Esta ressec¢do
implicaria na retirada de uma quantidade significativa de gordura visceral (fonte de
plasminogen activator inhibitor-1/PAI-1 e resistina, por exemplo), implicada no
desenvolvimento da resisténcia insulinica e de fendmenos tromboembdlicos (145). A inclusdo
da omentectomia como parte da técnica de cirurgia bariatrica permanece controversa e
questionavel quanto aos efeitos benéficos sobre o metabolismo e o incremento da perda de
peso nos obesos (146). Estudos demonstram melhora na homeostase glicémica e no perfil
lipidico quando se associa a omentectomia a cirurgia bariatrica (145, 147). Outros autores
demonstraram que a reducdo do tecido adiposo visceral com a realizacdo da omentectomia
ndo é uma abordagem util para a melhora da sensibilidade insulinica e reducdo dos fatores de

risco cardiometabdlico associados com obesidade ou DM2 (148-150).
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar o perfil glicidico e lipidico bem como a expressdo de marcadores moleculares
do perfil inflamatdrio e do sistema renina-angiotensina no tecido adiposo branco de
ratos tratados com dieta padrdo ou hiperlipidica e submetidos a gastrectomia vertical

com ou sem omentectomia.

2.2 Objetivos especificos

Comparar 0 peso corporal, consumo alimentar, consumo energético e adiposidade
corporal entre 0s grupos estudados;

Analisar os efeitos da gastrectomia vertical com ou sem omentectomia no perfil
glicidico, por meio dos testes de sensibilidade insulinica e tolerdncia a glicose, e
dosagens plasmaticas de glicose, peptideo-C e insulina;

Analisar os efeitos da gastrectomia vertical com ou sem omentectomia no perfil
lipidico, por meio das dosagens séricas do colesterol total, HDL e triglicerideos;
Analisar os efeitos da gastrectomia vertical com ou sem omentectomia na expressao
génica de marcadores pré-inflamatorios (TNF-alfa e 1L-6) e de componentes do
sistema renina-angiotensina (enzima conversora de angiotensina, enzima conversora

de angiotensina Il e angiotensinogénio) no tecido adiposo periepididimal.
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3 METODOLOGIA

3.1 Animais

Para realizagéo dos experimentos foram utilizados ratos machos da linhagem Wistar, com oito
semanas de idade, procedentes do Instituto de Fisiologia e Farmacologia da Universidade
Federal de Minas Gerais — Belo Horizonte/MG (151-153). Os animais foram randomizados
em seis grupos compostos por dez ratos/cada, mantidos em gaiolas individuais, em ambiente
com ciclos de luminosidade de 12 horas (7 horas as 19 horas), com temperatura de 22 + 2,0 °C
e acesso a alimentacdo e agua ad libitum. As etapas de tratamento, testes de tolerancia a
glicose, sensibilidade insulinica e sacrificio foram realizadas na Sala de Experimentacédo
Animal do Biotério das Faculdades Integradas Pitdgoras — Montes Claros/MG e as demais
etapas foram conduzidas no Laboratério de Pesquisa em Saude do Hospital Universitario

Clemente de Faria — Montes Claros/MG.

3.2 Dieta, Consumo Alimentar e Jejum

Todos os animais com oito semanas, desmamados, receberam as respectivas dietas por oito
semanas. Os grupos experimentais G1, G2 e G3 receberam a dieta padrdo (STD) e agua ad
libitum. Os grupos G4, G5 e G6 receberam dieta experimental hiperlipidica (HFD) e 4gua ad
libitum. Para a manutencdo regular dos animais foi utilizada dieta padréo, que apresentava em
sua composic¢do 50,30% de carboidratos, 41,90% de proteinas e 7,80% de lipidios, com um
total de 2,18 kcal por grama de dieta (Purina - Labina®, USA). A dieta hiperlipidica, utilizada
para induzir obesidade, era composta de 24,55% de carboidratos, 14,47% de proteinas e
60,98% de lipidios, apresentando um total de 5,28 kcal por grama de dieta. Todos 0s
componentes da dieta hiperlipidica foram obtidos da Rhoster® LTDA (Sdo Paulo, Brasil)
(154, 155). Apos este periodo de oito semanas, 0s animais foram submetidos a tratamento

cirurgico (Tabela 1). No pds-operatdrio, 0s grupos continuaram com suas respectivas dietas
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por mais quatro semanas: G1 a G3 receberam dieta padrdo e G4 a G6 receberam dieta
hiperlipidica (156). O consumo alimentar (g/peso corporal) dos animais foi mensurado trés
vezes por semana, em dias pré-estabelecidos, no mesmo horario, calculando-se em cada
gaiola a diferenca dos pesos das racOes ofertada e consumida, fazendo-se o calculo aritmético
da estimativa diaria do consumo de racdo em gramas. O calculo do consumo energético
(kcal/g de peso corporal) foi feito pela multiplicacdo da dieta ingerida (g/peso corporal) por
seu respectivo valor energético (kcal). A mensuracdo do consumo alimentar e energético foi
realizada em todos os animais dos seis grupos durante todo o experimento. Foi oferecido
somente agua nas doze horas que antecederam a realizacdo dos testes de tolerancia a glicose,

procedimento cirdrgico e sacrificio e nas primeiras vinte quatro horas apds a cirurgia.

Status do Grupo Identificacéo
dos Grupos
Dieta Padrdo (STD) / Laparotomia (L) G1 (n=10)
Dieta Padrao (STD) / Gastrectomia vertical (GV) G2 (n=10)
Dieta Padrdo (STD) / Gastrectomia vertical + Omentectomia (GVO) G3 (n=10)
Dieta Hiperlipidica (HFD) / Laparotomia (L) G4 (n=10)
Dieta Hiperlipidica (HFD) / Gastrectomia vertical (GV) G5 (n=10)

Dieta Hiperlipidica (HFD) / Gastrectomia vertical + Omentectomia (GVO) G6 (n =10)

TABELA 1 — Grupos de animais conforme tipo de dieta e tratamento cirurgico

3.3 Curva de Peso Corporal e Peso do Tecido Adiposo

O peso corporal foi avaliado durante todo o experimento e também imediatamente antes da
cirurgia e antes do sacrificio (final da quarta semana de pds-operatorio). Os animais foram
pesados trés vezes por semana, em dias pré-estabelecidos, tdo logo se iniciava o periodo claro,
com balanca apropriada, de precisdo, e a anotacdo do peso do animal feita em gramas. Para

avaliacdo da adiposidade p6s-operatoria, apos o sacrificio foram retirados e pesados os tecidos
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adiposos brancos periepididimal, retroperitoneal e mesentérico e também o tecido adiposo
marrom interescapular, os quais foram imediatamente congelados em nitrogénio liquido e
armazenados em gelo seco (- 80° C) para analises posteriores. O peso do tecido adiposo foi

corrigido pelo peso corporal.

3.4 Experimentos in vivo: Teste de Sensibilidade Insulinica e Teste de Tolerancia a Glicose

Uma semana antes da cirurgia e, posteriormente, antes do sacrificio foi realizado o teste de
sensibilidade insulinica (TSI), através de coletas de sangue na cauda do animal, para
determinacéo dos niveis de glicose a qual foi avaliada nos tempos 0, 15, 30 e 60 minutos apds
injecdo intraperitoneal de insulina (0.75 U/kg BW; Sigma, St. Louis, MO, USA) (96). Trés
dias ap6s o TSI, com jejum prévio de doze horas, foi realizado o teste de tolerancia a glicose
(TTG) com a dosagem dos niveis de glicose nos tempos 0, 15, 30, 60 e 120 minutos apds a
injecdo intraperitoneal de glicose (2 g/Kg BW), usando Accu-Check (Roche Diagnostics
Corp. Indianapolis, USA) (96).

3.5 Anestesia, Antibioticoprofilaxia e Procedimentos Cirurgicos

No tempo determinado (82 semana de tratamento com as respectivas dietas), os ratos foram
submetidos a tratamento cirtrgico apos jejum de 12 horas. A anestesia foi feita com Cetamina
10% (60 mg/kg) associada a Xilazina 2% (8 mg/kg), via intraperitoneal, conforme o Protocolo
Anestésico do Comité de Etica em Experimentacdo Animal da Universidade Federal de Minas
Gerais (157).

Os animais foram mantidos em ventilacdo espontanea durante os procedimentos, e o plano
anestésico foi controlado, a cada 10 minutos, mediante avaliacdo dos reflexos auricular e
interdigital, que deveriam estar abolidos. Em caso de necessidade, era administrado mais ¥z a
Y da dose inicial dos anestesicos utilizados (157). A antibioticoprofilaxia foi realizada com

Ceftriaxona na dose de 100 mg/kg de peso, por via intramuscular, logo apo6s o inicio da
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anestesia. Foram adotados os principios de assepsia e antissepsia de Halsted, utilizando
instrumental cirargico estéril (158). Os animais anestesiados foram submetidos a tricotomia
da regido abdominal e posicionados em posicdo supina com suas extremidades e a cauda
devidamente imobilizadas. A antissepsia da regido abdominal foi feita com clorohexidine em
veiculo aquoso e colocado campos cirdrgicos sanitizados e fenestrados em regido abdominal
dos animais. Foi realizada incisdo longitudinal mediana da parede, iniciando no epigastrio, de
aproximadamente 5,0 cm de extensdo, utilizando lamina de bisturi descartavel nimero quinze,
com adequada exposicdo do estbmago e omento. Nos grupos G1 e G4 foi feita apenas a
manipulacdo das visceras (incluindo o estdbmago) e posterior rafia da parede abdominal
(laparotomia néo terapéutica / simulada). Nos grupos G2 e G5 foi feita a gastrectomia vertical
(sleeve gastrectomy) cujo plano de seccdo originava-se na parte distal do antro, a cerca de 1,5
a 2,0 mm do piloro, e estendia-se até o angulo de Hiss. A sintese do tubo gastrico foi realizada
com chuleio continuo usando fio de poligalactina 5-0 (125). A ressec¢do do estobmago foi de
80%, incluindo a remocao total do fundo gastrico. Nos grupos G3 e G6, além da gastrectomia
descrita anteriormente, também foi realizada a omentectomia, com resseccdo total do omento
maior (147). Apds as resseccdes e revisdo final, terminado o ato cirargico, os animais foram
hidratados com 1,0 mL de solucéo cristaldide (soro fisiologico 0,9%) para cada 300g de peso,
na temperatura de 36 °C, via peritoneal. A sintese da parede abdominal foi realizada em dois
planos. Inicialmente, com sutura continua em monobloco do peritdneo parietal, da camada
muscular e aponeurose com fio de poligalactina 4-0 pré-montado em agulha cilindrica. E, por
fim, a sintese da pele com sutura continua com fio de poligalactina 4-0 pré-montado em
agulha cilindrica. Os animais foram mantidos aquecidos e em observacdo até a recuperacao
completa da anestesia, quando, entdo, foram encaminhados para suas respectivas gaiolas de
origem, sob as mesmas condi¢ces ambientais pré-operatorias. Antes da recuperacdo
anestésica, os animais receberam analgesia com 0,5 mL da solu¢do de 500 mg de dipirona
diluidos em 01 mL de &gua (159). A ingestdo de agua ad libitum foi liberada logo apés a
recuperacdo anestésica e o consumo alimentar, com a mesma composicao caldrica do pré-
operatorio (STD ou HFD), ad libitum, foi liberado 24 horas apds o procedimento. Durante as
primeiras 72 horas de p6s-operatério foram mantidos com 01 grama de dipirona diluido em
100 mL de &gua (ad libitum). Os animais foram avaliados e acompanhados até o final da 42

semana de pds-operatorio.
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3.6 Eutanasia

No final da 20* semana de vida foram realizados os procedimentos de jejum, avaliacdo do
peso corporal e, em seguida, efetuada a eutanasia pela técnica de decapitacdo, conforme
orientacBes da Sociedade Brasileira de Ciéncia de Animais de Laboratorio / Colégio
Brasileiro de Experimentacdo Animal — SBCAL — COBEA (160). Apos o sacrificio foram
coletados sangue para testes laboratoriais e retirados os seguintes érgédos e tecidos: figado,
tecido adiposo branco (retroperitoneal, mesentérico e periepididimal) e tecido adiposo

marrom (interescapular). Posteriormente, os tecidos foram congelados em — 80 °C.

3.7 Coletas de Sangue e Testes Laboratoriais

A coleta de sangue ocorreu apés jejum de 12 horas e imediatamente ap6s o sacrificio. As
amostras tiveram o soro e plasma separados por centrifugacdo e armazenados a uma
temperatura de — 20 °C para dosagens séricas de colesterol total, lipoproteina de alta
densidade (HDL), triglicerideos, alanino aminotransferase (ALT), aspartato aminotransferase
(AST), glicose, insulina, peptideo-C, proteina C reativa (PCR) e ferritina. Os testes
laboratoriais foram feitos utilizando kits enzimaticos de espectrofotometria especificos (DSA
BIioELISA, USA).

3.8 Histologia

Apbs o sacrificio, amostras do tecido adiposo periepididimal foram separadas, fixadas em
solucdo de formaldeido a 10% e incluidas em parafina. Foram feitos cortes de 7 um de
espessura, em microtomo especifico, com posterior montagem em laminas de vidro

previamente preparadas as quais foram coradas por hematoxicilina e eosina (HE) e avaliadas



42

por microscopia de luz convencional (Olympus BX50 microscope (Tokyo, Japan)). Imagens
de areas de tecido adiposo (com lentes objetivas X40) foram capturadas com Evolution LC
color light camera (Media Cybernetics, Rockville, MD, USA).

3.9 Retrotranscricdo e Andlise da Expressdo de RNA por Reacdo em Cadeia da Polimerase

Quantitativo em Tempo Real (QRT-PCR)

O RNA total do tecido adiposo foi obtido atraves do reagente Trizol (Invitrogen Corp., San
Diego, CA, USA), tratado posteriormente com DNAse e transcricdo reversa com moloney
murine leukemia virus (MMLV) reverse transcriptase (Invitrogen Corp.), usando primers
hexameros aleatorios. O RNA total foi utilizado para a sintese de cDNA num volume final de
reacdo de 30 pL utilizando-se 1.000 ng de RNA total, 0,2 ug de hexadeoxinucleotideos,
tampdo para RT (concentrag@es finais: Tris-HCI 45 mM pH 8,3; KCI 68 mM), 5 ul de MgCl,
50 mM, DTT 15 mM, dNTPs 1,8 mM e 150 Ul de transcriptase reversa. O cDNA foi
sintetizado em termociclador durante um periodo de 60 minutos de incubacdo a 37° C. A
reacao foi finalizada pelo aquecimento a 90 °C por 5 min. As reacdes de PCR quantitativo
foram feitas utilizando primers especificos para 0 cONA dos genes de interesse: TNF-alfa, IL-
6, ECA, ECA2 e AGT. A confeccdo e analise dos pares de bases foram executadas através do
programa BLASTN, sintetizados pela empresa Invitrogen, aliquotados na concentracdo de
200 uM e armazenados em freezer a — 20 °C. O cDNA obtido na etapa de RT (2 pl) foi usado
como fita molde para a amplificacdo por PCR. As reacdes de PCR quantitativo dos genes de
interesse tiveram um volume final de 20 ul e foram feitas em duplicatas, utilizando 10 ul do
Master Mix do SYBR Green reagent (Applied Biosystem, Grand Island, NY, EUA), 0,25 ul
de cada primer na concentracdo de 1 nM e 8,5 ul de agua nuclease free e 1 ul de cDNA e
foram realizadas no equipamento QuantStudio™ 6 Flex Real-Time PCR System equipment
(Applied Biosystems, EUA). A expressdo génica foi normalizada usando a Beta-actina
endogena (FW: 5°-TGA CAG GAT ACA GAA GGA GA-3’; RV: 5’-TAG AGC CAC CAA
TCC ACA CA-3’). Os genes de interesse e seus respectivos primers foram: TNF-a (FW: 5°-
ATG GGC TCC CTC TCA TCA GT-3’; RV: 5°-GCT TGG TGG TTT GCT ACG AC-3),
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IL-6 (FW: 5°-GTC AAC TCC ATC TGC CCT TCA-3’; RV: 5°-GAA GGC AAC TGG CTG
GAA GT-3’), AGT (FW: 5°-CCT AAC TGA CCC GAG CTG TAG-3’; RV: 5°-TGT GGA
CTT GCT TCT GTG TGT-3"), ACE (FW: 5°-ATT GCA GCC GGG CAA CTT-3; RV: 5’-
TCC TCC GTG ATG TTG GTG TC-3’) and ACE2 (FW: 5°-GCC CAA AAG ATG AAC
GAG GC-3’; RV: 5°-CGC TTG ATG GTC GCA TTC TG-3’). O método CT comparativo
relativo de Livak e Schmittgen foi aplicado para comparar 0s niveis de expressdo de genes
entre grupos usando a equagdo 2¢Pea PR CM (167,

3.10 Analises Estatisticas

Diferencas entre dois grupos foram avaliadas pelo teste t de Student. Diferencas entre mais
de 2 grupos foram analisadas por analise de variancia - ANOVA seguido do pos-teste de
Bonferroni. O nivel de significancia previamente estabelecido foi p < 0,05. Essas analises

foram realizadas com o programa GraphPad Prism verséo 6.0.

3.11 Aspectos Eticos

O presente estudo seguiu 0s preceitos nacionais e internacionais que regem O
desenvolvimento de pesquisa em animais. Este estudo foi aprovado pelo Comité de Etica em
Experimentacdo e Bem-Estar Animal da UNIMONTES, Montes Claros — MG, pelo processo
nimero 031/2014 (Anexo A).
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4 PRODUTOS
Os produtos foram dois artigos cientificos.
4.1 Produto 1: Effects of sleeve gastrectomy on metabolic profile and adipose renin-

angiotensin system expression in obese rats, formatado segundo as normas para publicacéo do
periodico Obesity Surgery.

4.2 Produto 2: Effects of omentectomy in addition to sleeve gastrectomy on metabolic and
inflammatory profile of obese rats, formatado segundo as normas para publicacdo do
periodico Journal of Surgical Research.
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ABSTRACT

Background: Sleeve gastrectomy (SG) has been used as a multipurpose surgical procedure
for the treatment of obesity. The present study assessed the effects of SG on the metabolic and
inflammatory profile and renin-angiotensin system (RAS) in high-fat diet-induced obesity
male rats. Methods: Male Wistar rats were treated with standard diet or high-fat diet and
submitted to SG or sham surgery. The glycemic and lipid profile and the gene expression of
inflammatory markers and RAS components in adipose tissue were evaluated. Results: The
SG led to weight loss, decrease in adiposity (p < 0.01), increase in the brown adipose tissue
weight (p < 0.05) and reduction in glucose plasma levels (p < 0.05), C-peptide (p < 0.05),
insulin (p < 0.001) and total cholesterol (p < 0.05). In addition, SG led to a decrease in the
expression of tumor necrosis factor-alpha (TNF-a) (p < 0.01), interleukin-6 (IL-6) (p <
0.001), angiotensinogen (AGT) (p < 0.001) and angiotensin convert enzyme (ACE) (p < 0.05)
and increase in the expression of angiotensin convert enzyme 2 (ACE2) (p < 0.05) in white
adipose tissue. Conclusion: This study evidenced the benefic effects of the SG in weight loss
and improvement in metabolic parameters in this animal model, and RAS seems to have an

important role.

Keywords: Obesity; Bariatric Surgery; Inflammation; Renin-Angiotensin  System;

Metabolism
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INTRODUCTION

Obesity is considered a serious public health problem worldwide. It is characterized by
an imbalance between the energy intake and expenditure resulting in the accumulation of
corporal adipose tissue [1]. In adipose tissue, especially visceral, there is an increase in the
expression of proinflammatory cytokines leading to the development of a chronic
inflammatory state [2].

The comprehension of preventive and therapeutic strategies for the obesity remains
inconclusive [1]. In this perspective, the renin-angiotensin system (RAS) may be considered a
potential target for the treatment of obesity due to its metabolic properties recently described,
especially in the adipose tissue [3, 4]. The RAS, is one of the most important systems
involved in the pathogenesis of cardiovascular diseases, and consists primarily in a
coordinated enzymatic cascade, in which the renin acts on the angiotensinogen (AGT) that is
converted into angiotensin | (Ang 1) and, subsequently, into angiotensin 1l (Ang Il) by the
angiotensin converting enzyme (ACE) [5]. The Ang Il is a potent vasoconstrictor that under
the action of the angiotensin converting enzyme 2 (ACE2), may originate the Ang-(1-7),
which acting through the Mas receptor, promotes antagonistic actions to those produced by
Ang Il [6, 7].

Along with clinical approaches, surgical techniques that were originally developed for
the treatment of severe obesity, constitute an important therapeutic approach for the treatment
of diabetes mellitus type 1l (DM2) and other comorbidities in obese patients [8, 9]. Among
those techniques, the sleeve gastrectomy (SG), which was initially indicated as the first stage
in the treatment of patients with severe obesity or high surgical risk, has been considered a

therapeutic option as a primary and definitive procedure in the treatment of obesity and DM2
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due to its satisfactory results on the glycemic and lipid profile [10, 11].
As obesity progresses with increased endocrine activity, it becomes relevant the study
of surgical treatment effects on the glycemic and lipid profiles and also in the gene expression

of important components of the RAS and inflammatory markers.

MATERIALS AND METHODS

Animals and experimental diets

The experiment was conducted with forty male Wistar rats (eight weeks old), which
were randomly divided into four groups (n=10/each) and fed with the respective experimental
diets for eight weeks: standard diet (STD) and high-fat diet (HFD). The STD (Purina -
Labina®, USA), used for the regular maintenance of the rats, is composed of 50.30% of
carbohydrate, 41.90% of protein and 7.80% of fat, with a total of 2.18 kcal per 1 g of diet [12,
13]. The HFD is composed of 24.55% of carbohydrate, 14.47% of protein and 60.98% of fat,
representing a total of 5.28 kcal per 1 g of diet [12, 13]. All of the high-fat diet components
were purchased from Rhoster® LTDA (Séo Paulo, Brazil). After this period, the animals were
submitted to surgical treatment: sham surgery (laparotomy) or sleeve gastrectomy. The
experimental groups were: rats treated with standard diet and submitted only to laparotomy
(STD+L), standard diet and sleeve gastrectomy (STD+SG), high-fat diet and laparotomy
(HFD+L) and high-fat diet and sleeve gastrectomy (HFD+SG). After surgery, the animals
continued to receive their respective diets for four additional weeks. The animals were
individually housed in an environment with 12 hour light cycle (7 am to 7 pm), at a

temperature of 22 + 2.0 °C and had access to food and water ad libitum. This study was
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approved by Ethics Committee of Experimentation and Animal Welfare of Unimontes,

Montes Claros, Brazil, by the process number 031/2014.

Surgical procedures

The animals were anesthesized with ketamine (100 mg/kg) and xylazine (30 mg/kg)
intraperitoneally under spontaneous ventilation. Antibiotic prophylaxis was performed by
intramuscular administration of ceftriaxone (100 mg/kg), immediately after the onset of
anesthesia. Median longitudinal incision was performed, starting at the epigastrium, with
approximately 5.0 cm in length. The groups STD+L and HFD+L underwent sham surgery.
The groups STD+SG and HFD+SG underwent SG with 80% resection of the stomach,
including the complete removal of the gastric fundus and confection of a gastric tube from the
distal part of the antrum (1,5 mm from the pylorus) to the Hiss angle using 5-0 polyglactin

yarn.

Measurements of body weight, food intake, tissue collection and plasma parameters

Body weight (BW), food intake and energy intake (food intake in kcal) were measured
three times a week both in the pre and postoperative period. One week before surgery and
sacrifice insulin sensitivity tests (IST) were performed for determination of blood glucose
levels, which were monitored at 0, 15, 30, and 60 min after intraperitoneal injection of insulin
(0.75 U/kg BW; Sigma, St. Louis, MO, USA). The glucose tolerance test (GTT) was
performed measuring the blood glucose levels at 0, 15, 30, 60, and 120 minutes after

intraperitoneal injection of glucose (2 g /kg BW) following a fasting period of 12 hours, using
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Accu-Check (Roche Diagnostics Corp. Indianapolis, USA) [14]. Overnight-fasted rats were
sacrificed by decapitation with guillotine and blood samples were collected and centrifuged
(3200 rpm for 10 min) when the plasma was separated for the determination of the total serum
cholesterol, HDL cholesterol, triglycerides, glucose, insulin, C-peptide, ferritin and C-reactive
protein (CRP) by enzymatic tests (DSA BIoELISA, USA). Samples of adipose tissues were
collected, weighted and immediately frozen in liquid nitrogen and stored in dry ice (- 80 °C)

for further analysis.

Reverse transcription and quantitative real time-polymerase chain reaction (QRT-PCR)

Total RNA from the adipose tissue was prepared using TRIzol reagent (Invitrogen
Corp., San Diego, CA, USA), treated with DNAse and reverse transcribed with MMLV
(Invitrogen Corp.) using random hexamer primers. Levels of the interested genes were
determined by gRT-PCR using SYBR Green reagent (Applied Biosystems, Grand Island, N,
USA) in QuantStudio™ 6 Flex Real-Time PCR System equipment (Applied Biosystems,
USA). Gene expression was normalized to the endogenous Beta-actin (FW: 5’-TGA CAG
GAT ACA GAA GGA GA-3’; RV: 5-TAG AGC CAC CAA TCC ACA CA-3’). The genes
of interest and respective primers were: TNF-a (FW: 5’-ATG GGC TCC CTC TCA TCA GT-
3’; RV: 5°-GCT TGG TGG TTT GCT ACG AC-3’), IL-6 (FW: 5°-GTC AAC TCC ATC
TGC CCT TCA-3’; RV: 5’-GAA GGC AAC TGG CTG GAA GT-3%), AGT (FW: 5°-CCT
AAC TGA CCC GAG CTG TAG-3’; RV: 5°-TGT GGA CTT GCT TCT GTG TGT-3’),
ACE (FW: 5°-ATT GCA GCC GGG CAA CTT-3; RV: 5>-TCC TCC GTG ATG TTG GTG
TC-3") and ACE2 (FW: 5°-GCC CAA AAG ATG AAC GAG GC-3’; RV: 5°-CGC TTG

ATG GTCGCATTC TG-3’).
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Hematoxylin and eosin staining

Periepididymal adipose tissue samples were fixed in formaldehyde solution (10%),
and embedded in paraffin. Sections of 5 mm were prepared for hematoxylin and eosin (HE)
staining, and evaluated under a conventional light microscope (Olympus BX50 microscope
(Tokyo, Japan). Images of fat tissue areas (X40 objective lenses) were captured with

Evolution LC color light camera (Media Cybernetics, Rockville, MD, USA).

Statistical analysis

All data were transferred to GraphPad Prism software (Version 5.0®, San Diego, CA,
USA) and analyzed with 95% (P < 0.05) confidence. Data are expressed as the mean + SD.
The statistical significance of differences in mean values among rats groups was assessed by

one-way ANOVA followed by Bonferroni post-test.

RESULTS

During the preoperative period, the food intake (g/g BW) was similar between the
groups treated with STD and HFD, but the energy intake (kcal/g BW) was higher for the HFD
treated group, which led to the statistically significant increase in the body weight of the rats
in this group (Figure 1). Four weeks after surgery, a significant reduction of the food intake,
energy intake and body weight was observed in the groups submitted to STD+SG and
HFD+SG. In these groups, a significant adiposity reduction in the white adipose tissues

(periepididymal and retroperitoneal), related to the adipocyte area and diameter was observed
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(Figure 2). Regarding the interscapular brown adipose tissue weight a significant increase was
observed in the HFD+SG group (Figure 2).

For the glycemic profile, a significant increase in the insulin resistance and decrease in
the glucose tolerance was observed in the HFD group pre surgery. The glycemic parameters,
including measurements of IST and plasmatic measurements of glucose, C- peptide and
insulin showed a significant improvement in the post surgery period in the HFD+SG group
when compared to the HFD+L and STD+L groups (Figure 3 and 4). For the lipid profile, it
was observed a decrease in the levels of total cholesterol in the HFD+SG group in comparison
to the HFD+L and STD+L groups. Additionally, a decrease in the levels of triglycerides was
observed in the group STD+SG in comparison to the HFD+L group. Regarding the HDL
cholesterol levels, there was no difference between the groups submitted to surgery when
compared to the respective control groups, which was also observed for the quantitative
plasmatic measurements of CRP (Figure 4). The ferritin levels were significantly lower in the
group HFD+SG group in comparison to the respective control group.

The mRNA expression of proinflammatory cytokines by qRT-PCR in periepididymal adipose
tissue showed a statistically significant decrease in the levels of TNF-a and IL-6 in rats from
the HFD+SG group in comparison to its respective sham group. The expression of
components of the RAS by gRT-PCR in the same tissue showed a decrease in the mRNA

levels of angiotensinogen and ACE and an increase in the mRNA levels of ACE2.
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DISCUSSION

In the present study we evaluated the effects of SG on the glycemic, lipid and
inflammatory profile as well as on the expression of renin-angiotensin system components in
white adipose tissue of rats with obesity induced by high-fat diet.

There is evidence in the literature that this experimental model is suitable for the
induction of obesity, accomplishment of SG and follow-up of body profile (loss of weight and
adiposity) and biochemical and hormonal parameters [15, 16]. The SG performed in this
study showed a reduction in food intake and a significant loss of weight in the postoperative
period. This data is in accordance with the literature that demonstrates a loss of weight in
humans and rodents after SG [15, 17]. However, a limitation in our study was the short period
of follow-up devoted to the animals (four weeks only), preventing us to better assess the
regain of weight after the SG. Nevertheless, authors have demonstrated with this same
surgical technique, the maintenance of weight loss in the same rodent models for a period up
to fifteen weeks of postoperative [15]. Studies with humans found the weight loss after SG as
significant as the weight loss reported for patients submitted to Roux-en-Y gastric bypass
after twelve months of postoperative follow-up [18]. Other authors showed the maintenance
of weight loss even after a long period of follow-up, showing a significant improvement of
the comorbidities [19]. Another limitation of our study regards in the fact that the sham
surgery did not include a gastrostomy and closure. We only performed a laparotomy and
closure of the abdominal wall. Authors describe that in the control group they performed the
same surgical intervention, except the gastric excision. Instead of the resection, a slight
pressure with blunt forceps along a vertical line between the esophageal sphincter and the

pylorus was performed, resembling the stapling process [20, 21]. The SG consists in the



55

creation of a reduced stomach lumen with the excision of the gastric fundus, remaining the
intestine itself intact. One of the factors that could be associated with weight loss could be a
reduction in the levels of ghrelin, a hormone mainly produced by the A-cells in the fundus of
the stomach. This correlation was demonstrated in humans, highlighting a more significant
reduction in the levels of ghrelin and weight loss in the SG, with a follow-up of six months of
postoperative period, not being observed with other technique as exemplified by adjustable
gastric banding [22]. However, in genetically obese models of rodents (leptin-insensitive), it
was observed that the weight loss after SG may be independent of the levels of ghrelin [23].
Furthermore, the authors demonstrated the normalization of the levels of ghrelin after SG in
rodents with exogenous obesity, suggesting the existence of extragastric ghrelin production
[24].

The brown adipose tissue (BAT) cells use more mitochondrial uncoupling protein 1
(UCP1) to perform the respiration chemical process and dissipate chemical energy as heat.
The thermogenic effect, obtained by the BAT activation, leads to an increase in the energy
expenditure, reduction of adiposity and in the glucose and plasma levels of lipids, thus
contributing to the homeostasis improvement [25]. The evidence of a significant interscapular
brown adipose tissue weight gain, in the group treated with high-fat diet and submitted to SG,
corroborated with the literature that also shows an increment of the brown adipose tissue after
SG [26]. In addition, a study performed with F-18-fluorodeoxyglucose positron emission
tomography/computed tomography, before and one year after bariatric surgery showed a
benefic impact of the surgery on the adipose tissue, including the brown adipose tissue
regarding an improvement in the metabolic parameters in patients with metabolic syndrome
[27]. Experimental studies show that the SG may mediate the effects with great physiological

impacts, including changes of the intestinal microbiota, secretion of intestinal hormones, in



56

the levels and composition of bile acids and in the reduction of hepatic steatosis [21, 28]. Two
receptors have been identified that respond to bile acids. The first is a G protein-coupled
receptor found on the cell surface termed TGRS, and the second is a ligand-activated
transcription factor farnesoid X receptor (FXR) [28]. FXR plays an important role in a wide
range of gastrointestinal functions and experiments point to an important role of FXR as a
molecular target for the potent effects of SG. Loss of function of the nuclear bile acid receptor
(FXR) greatly diminishes the effects of SG [28, 29]

In this study, the GTT and IST performed in the preoperative period showed
alterations in the glycemic profile induced by high-fat diet. In the postoperative, the plasma
levels of glucose, C-peptide and insulin confirmed the improvement in the glycemic profile in
the groups treated with high-fat diet and submitted to SG. This effect is widely documented in
the literature, where authors have shown the surgical effect on glycemic profile with a
significant reduction in the plasma levels of glucose and insulin and a normalization of the
homeostatic model assessment for insulin resistance [30].

Regarding the lipid profile, a statistically significant reduction in the levels of total
cholesterol was demonstrated, corroborating with studies that showed an improvement in the
lipid profile after SG in both rodents and humans [31, 32], although the same was not
observed with the dosage of HDL cholesterol and triglycerides.

Concerning the inflammatory parameters, in our study the plasmatic dosage of CRP
did not show statistically significant difference among groups. Obesity evolves with
increasing plasma concentrations of CRP, being considered an important risk factor for the
development of cardiovascular diseases. A study performed in patients with severe obesity
evidenced high concentrations of hs-CRP, which were significantly reduced after SG [33].

However, the ferritin dosage showed a statistically significant reduction in the high-fat diet
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group submitted to SG. This result is in accordance with a study that showed decreased levels
of ferritin in obese patients one year after SG [34].

The inflammatory markers are increased in obesity and described to be a link between
obesity and its comorbidities, mainly due to their proinflammatory properties and consequent
alterations in the cardiovascular function and insulin resistance state [35]. In this study, TNF-
a and IL-6 were decreased in the periepididymal adipose tissue of rats submitted to SG,
corroborating with a study that demonstrate the benefic effects of this surgical technique in
the reduction of the inflammatory state associated with obesity [35].

As far as we know, this study is unique regarding the analyses of gene expression of
the RAS in the periepididymal adipose tissue after SG, evidencing a significant decrease in
the levels of AGT and ACE and an increase in the levels of ACE2. Studies demonstrate that
the adipose tissue represents an important source of the RAS’s components production and
that there is an interaction between the secretions of the RAS’s tissue components with the
RAS’s circulating components. The hypertrophy of the adipocytes increases the secretion of
RAS’s components, enabling the generation of several cardiovascular and metabolic changes
[36, 37]. At the cellular level, RAS’s components induce insulin resistance, contribute to the
oxidative stress, inflammation and apoptosis in B-pancreatic cells [38]. On the other hand,
experimental studies show the importance of the Ang-(1-7) on lipid and glycemic profile as
well as on the inflammatory profile in the adipose tissue. High chronic levels of Ang-(1-7) are
shown to attenuate the proinflammatory profile of the adipose tissue, protecting against
metabolic stress induced by high-fat diet [39]. The increase in the plasma levels of Ang-(1-7)
are also described to generate an increment in the glycemic and lipid profile evidenced by the
improvement in the glucose tolerance and insulin sensitivity as well as a decrease in

cholesterol and triglycerides levels [14].
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CONCLUSIONS

In summary, the primary goal of the surgical treatment of obesity, in addition to
weight loss, is the improvement of the metabolic profile. This study, showed the beneficial
effects of the SG in the glycemic, lipid and inflammatory profile in a rat model. Furthermore,
it was evidenced that this surgical technique altered the expression of components of the RAS
in the white adipose tissue: reduced the expression levels of AGT and ACE and increased the
expression of ACE2 in rats with obesity-induced by diet. Finally, in this experimental study,
the sleeve gastrectomy presented satisfactory effects in the glycemic and lipid profile as well

as in the gene expression of inflammatory and RAS markers.
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LEGENDS OF FIGURES

Figure 1. Body weight, food intake and energy intake of rats fed with standard diet (STD)
and high-fat diet (HFD) and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or
sham surgery (STD+L and HFD+L). (A) Body weight (g) preoperative. (B) Food intake
(9/BW) preoperative. (C) Energy intake (Kcal/g BW) preoperative. (D) Body weight (g)
postoperative. (E) Food intake (g/BW) postoperative. (F) Energy intake (Kcal/g BW)
postoperative. (G) Pre and postoperative weight curves. *P < 0.05; **P < 0.01; ***P < 0.001

(t-tests, one-way ANOVA and Bonferroni post-test).
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Figure 2. Effects on adipose tissues of rats fed with standard diet (STD) and high-fat diet
(HFD) and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery
(STD+L and HFD+L). (A) Periepididymal adipose tissue weight (g/BW). (B) Mesenteric
adipose tissue weight (g/BW). (C) Retroperitoneal adipose tissue weight (g/BW). (D)
Interscapular brown adipose tissue weight (g/BW). (E) Body adiposity/white adipose tissue
weight (periepididymal, mesenteric and retroperitoneal) (g/BW). (F) Adipocyte area (1/m?2).
(G) Periepididymal adipose tissues. G.1: HFD+L; G.2: STD+L, G.3: HFD+SG; G.4:
STD+SG (H) Hematoxylin and eosin (HE) staining of periepididymal adipose tissue samples.
Inlet: HE staining. Scale bar: x40. H.1: STD+L; H.2: STD+SG; H.3: HFD+L; H.4: HFD+SG.

*P <0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and Bonferroni post-test).

Figure 3. Preoperative and pre-sacrifice insulin sensitivity tests (IST), glucose tolerance tests
(GTT) and their respective areas under the curve (AUC) in rats fed with standard diet (STD)
and high-fat diet (HFD) and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or
sham surgery (STD+L and HFD+L). (A) Preoperative IST (mg/dL). A.l: AUC of
preoperative IST. (B) Preoperative GTT (mg/dL). B.1: AUC of preoperative GTT. (C) Pre-
sacrifice IST (mg/dL). C.1: AUC of pre-sacrifice IST. (D) Pre-sacrifice GTT (mg/dL). D.1:
AUC of pre-sacrifice GTT. *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and

Bonferroni post-test).

Figure 4. Blood parameters of rats fed with standard diet (STD) and high-fat diet (HFD) and
submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery (STD+L and

HFD+L). (A) Plasma glucose (mg/dL) (B) Plasma C-peptide (ng/mL) (C) Plasma insulin
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(Ul/mL) (D) Plasma total cholesterol (mg/dL) (E) Plasma triglycerides (mg/dL) (F) Plasma
quantitative CRP (mg/mL) (G) Plasma ferritin (ng/mL). *P < 0.05; **P < 0.01; ***P < 0.001

(one-way ANOVA and Bonferroni post-test).

Figure 5. Analysis of mRNA expression of inflammatory-related targets by qRT-PCR in
periepididymal adipose tissue of rats fed with standard diet (STD) and high-fat diet (HFD)
and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery (STD+L and
HFD+L). (A) mRNA expression of tumor necrosis factor - alpha (TNF- o) (Arbitrary Unit).
(B) mRNA expression of interleukin-6 (IL-6) (Arbitrary Unit). **P < 0.01; ***P < 0.001

(one-way ANOVA and Bonferroni post-test).

Figure 6. Expression of components of the renin-angiotensin system by gRT-PCR in
periepididymal adipose tissue of rats fed with standard diet (STD) and high-fat diet (HFD)
and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery (STD+L and
HFD+L). (A) mRNA expression of angiotensin-converting enzyme (ACE). (B) mRNA
expression of angiotensin-converting enzyme Il (ACE2) (Arbitrary Unit). (C) mRNA
expression of angiotensinogen (AGT) (Arbitrary Unit). *P < 0.05; **P < 0.01; ***P < 0.001

(one-way ANOVA and Bonferroni post-test).
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Figure 1. Body weight, food intake and energy intake of rats fed with standard diet (STD)
and high-fat diet (HFD) and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or
sham surgery (STD+L and HFD+L). (A) Body weight (g) preoperative. (B) Food intake
(9/BW) preoperative. (C) Energy intake (Kcal/g BW) preoperative. (D) Body weight (g)
postoperative. (E) Food intake (g/BW) postoperative. (F) Energy intake (Kcal/g BW)
postoperative. (G) Pre and postoperative weight curves. *P < 0.05; **P < 0.01; ***P < 0.001

(t-tests, one-way ANOVA and Bonferroni post-test).
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Figure 2. Effects on adipose tissues of rats fed with standard diet (STD) and high-fat diet
(HFD) and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery
(STD+L and HFD+L). (A) Periepididymal adipose tissue weight (g/BW). (B) Mesenteric
adipose tissue weight (g/BW). (C) Retroperitoneal adipose tissue weight (g/BW). (D)
Interscapular brown adipose tissue weight (g/BW). (E) Body adiposity/white adipose tissue
weight (periepididymal, mesenteric and retroperitoneal) (g/BW). (F) Adipocyte area (u/m2).
(G) Periepididymal adipose tissues. G.1: HFD+L; G.2: STD+L, G.3: HFD+SG; G.4:
STD+SG (H) Hematoxylin and eosin (HE) staining of periepididymal adipose tissue
samples. Inlet: HE staining. Scale bar: x40. H.1: STD+L; H.2: STD+SG; H.3: HFD+L; H.4:

HFD+SG. *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and Bonferroni post-test).



69

B.1

- STD HFD

Glucose (mg/
hmﬂa
58 & 3 8
*
of
oreoparative.
ucose (mg/d
- RN oW ow
a2 S h 88
8888
*
*
*
*
*
AUC of GTT precperative
g-_‘

20- 50
o0+ T T T 1 +—T7T—T—7T
0 15 30 45 60 0 15 30 45 60 75 90 105 120
Time (minutes) Time (minutes)
C C.1 D D.1
—#~ HFD+L STD+L
STD+L -+ HFD+L =¥~ HFD+SG

I STD4SG ~+ HFD+SG . —

Glucose (mg/dL)

0+ T T T 1 T T T T T T T T 1
0 15 30 45 60 0 15 30 45 60 75 90 105 120
Time (minutes) Time (minutes)

Figure 3. Preoperative and pre-sacrifice insulin sensitivity tests (IST), glucose tolerance tests
(GTT) and their respective areas under the curve (AUC) in rats fed with standard diet (STD)
and high-fat diet (HFD) and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or
sham surgery (STD+L and HFD+L). (A) Preoperative IST (mg/dL). A.l: AUC of
preoperative IST. (B) Preoperative GTT (mg/dL). B.1: AUC of preoperative GTT. (C) Pre-
sacrifice IST (mg/dL). C.1: AUC of pre-sacrifice IST. (D) Pre-sacrifice GTT (mg/dL). D.1:
AUC of pre-sacrifice GTT. *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and

Bonferroni post-test).
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Figure 4. Blood parameters of rats fed with standard diet (STD) and high-fat diet (HFD) and
submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery (STD+L and
HFD+L). (A) Plasma glucose (mg/dL) (B) Plasma C-peptide (ng/mL) (C) Plasma insulin
(Ul/mL) (D) Plasma total cholesterol (mg/dL) (E) Plasma triglycerides (mg/dL) (F) Plasma
quantitative CRP (mg/mL) (G) Plasma ferritin (ng/mL). *P < 0.05; **P < 0.01; ***P < 0.001

(one-way ANOVA and Bonferroni post-test).
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Figure 5. Analysis of mRNA expression of inflammatory-related targets by qRT-PCR in
periepididymal adipose tissue of rats fed with standard diet (STD) and high-fat diet (HFD)
and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery (STD+L and
HFD+L). (A) mRNA expression of tumor necrosis factor - alpha (TNF- o) (Arbitrary Unit).
(B) mRNA expression of interleukin-6 (IL-6) (Arbitrary Unit). **P < 0.01; ***P < 0.001

(one-way ANOVA and Bonferroni post-test).
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Figure 6. Expression of components of the renin-angiotensin system by gRT-PCR in
periepididymal adipose tissue of rats fed with standard diet (STD) and high-fat diet (HFD)
and submitted to sleeve gastrectomy (STD+SG and HFD+SG) or sham surgery (STD+L and
HFD+L). (A) mRNA expression of angiotensin-converting enzyme (ACE). (B) mRNA
expression of angiotensin-converting enzyme Il (ACE2) (Arbitrary Unit). (C) mRNA
expression of angiotensinogen (AGT) (Arbitrary Unit). *P < 0.05; **P < 0.01; ***P < 0.001

(one-way ANOVA and Bonferroni post-test).
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Abstract

Background: Visceral obesity has been considered a risk factor for metabolic and
cardiovascular complications. In an attempt to reduce the visceral adipose tissue, the
omentectomy has been proposed to be performed along with bariatric surgery. The goal of
this study was to evaluate if the omentectomy associated with sleeve gastrectomy (SG) would
be beneficial in the inflammatory and metabolic profile of rats treated with standard diet
(STD) or high-fat diet (HFD). Methods: For this experiment male Wistar rats were randomly
divided into six groups, and submitted to sham surgery (STD+L and HFD+L), SG alone
(STD+SG and HFD+SG) or SG with omentectomy (STD+SGO and HFD+SGO). The
animals were monitored until the fourth week of the postoperative period and the corporal,
glycemic and lipid profiles and the tissue expression of inflammatory markers (TNF-alpha
and IL-6) in the visceral adipose tissue were measured. Results: In rats with diet-induced

obesity treated with SG with or without omentectomy there was a reduction in body weight
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(HFD+SG: p<0.01 and HFD+SGO: p<0.05), adiposity (HFD+SG: p<0.001 and HFD+SGO:
p<0.05), plasma levels of glucose (HFD+SG: p<0.01 and HFD+SGO: p<0.01), C-peptide
(HFD+SG: p<0.01 and HFD+SGO: p<0.001), insulin (HFD+SG: p<0.05 and HFD+SGO:
p<0.001), total cholesterol (HFD+SG: p<0.01 and HFD+SGO: p<0.01) and in the tissue
expression of TNF-alpha (HFD+SG: p<0.001 and HFD+SGO: p<0.01), but with no
statistically significant differences between the groups in which the omentectomy was
performed or not. Conclusion: In this study we did not observe the additional benefic effects
with the omentectomy associated to SG in the metabolic profile and in the tissue expression

of inflammatory markers.

KEYWORDS: Obesity; bariatric surgery; sleeve gastrectomy; omentectomy; weight loss;

inflammation mediators.

1. Introduction

The adipose tissue is a complex organ with endocrine and metabolic activities, from
which several factors with local (autocrine and paracrine) and systemic (endocrine) functions
are secreted (1). Obesity is associated with a chronic inflammatory process characterized by
the abnormal production of proinflammatory cytokines, with the activation of different
signaling pathways. Therefore, the excess of adipose tissue, especially the visceral
compartment, is correlated with the development of insulin resistance, glucose intolerance,
dyslipidemia, hypertension and prothrombotic state (2-4). For this reason, resections of the
great omentum have been proposed during the performance of bariatric surgeries in order to

improve the metabolic profile and to maximize the weight loss in obese patients (5).
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However, the omentum possess healing factors (growth, angiogenesis, and chemotactic
factors and progenitor cells), and when activated promotes healing and regeneration of injured
tissues (6). These important properties of the omentum regarding its immunological functions
and its roles in the process of vascularization, debridement, hemostasis, healing, and
regeneration, allows it to be capable of blocking intraperitoneal inflammatory processes,
adhering to it, and thus preventing the development of diffuse peritonitis (7-9).

The inclusion of omentectomy as a part of the bariatric surgery technique remains
controversial and questionable. Authors show improvement in the glycemic homeostasis and
in the lipid profile when the omentectomy is associated to the bariatric surgery (5, 10).
However, other authors show that the reduction of the visceral adipose tissue, achieved by the
omentectomy, it is not a useful approach to the improvement of the insulin sensitivity and
reduction of the cardiometabolic risk factors associated with obesity or diabetes mellitus type
11 (DM2) (11, 12).

The goal of this study was to determine if the performance of omentectomy associated
to sleeve gastrectomy (SG) provides additional beneficial effects on the glycemic and lipid
profile and the expression of inflammatory markers in the white adipose tissue of Wistar rats

treated with standard and high-fat diet.

2. Materials and methods

2.1 Animals and diets

Male Wistar rats aged eight weeks were used for this experiment, randomly divided

into six groups (10 animals/group), maintained in individual cages and exposed to a light
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cycle 12/12 h in a temperature of 22 + 2 °C. The rats were treated with standard diet (STD) or
high-fat diet (HFD) for eight weeks and given ad libitum access to food and water. The STD
(Purina - Labina®, USA) is composed of 50.30% of carbohydrate, 41.90% of protein and
7.80% of fat, with a total of 2.18 kcal per 1 g of diet (13). The HFD is composed of 24.55% of
carbohydrate, 14.47% of protein and 60.98% of fat, presenting a total of 5.28 kcal per 1 g of
diet (13). All of the high-fat diet components were purchased from Rhoster® LTDA (S&o
Paulo, Brazil). After this period, the animals were submitted to surgical treatment as followed:
simulated laparotomy (sham surgery) (L), sleeve gastrectomy (SG) and sleeve gastrectomy
with omentectomy (SGO). Following the second day of the postoperative period, the animals
received their respective diets for more four additional weeks. This study was approved by the
Ethics committee of Experimentation and animal Welfare of UNIMONTES, Montes Claros,

Brazil.

2.2 Surgical procedures

The animals were submitted to anesthesia (ketamine and xylazine) administered
intraperitoneally following intramuscular application of ceftriaxone for antibiotic prophylaxis.
In two groups, only the simulated lapatoromy was performed, with the manipulation of the
stomach (STD+L and HFD+L); in another two groups, it was performed sleeve gastrectomy
(STD+SG and HFD+SG) and lastly, in another two groups, in addition to the sleeve
gastrectomy, it was included the omentectomy procedure (STD+SGO and HFD+SGO). The
SG was performed with an 80% resection of the stomach, including complete removal of the
gastric fundus, and confection of a new gastric tube, by manual suture, extending from the

Hiss angle to the distal portion of the antrum (Figure 1.A, B, C and D). For the groups that
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were submitted to the omentectomy, a complete dissection and resection of the whole greater
omentum along the greater curvature of the stomach until the duodenum as well as the

transverse colon until the spleen was performed (Figure 2.E and F).

2.3 Body weight, food intake and tissue collection

The body weight, food intake, (g/BW) and energy intake (kcal/g BW) were assessed
three times a week during the pre and postoperative period. The animals were sacrificed by
decaptation with guilhotine and blood samples were collected and centrifuged (3200 rpm for
10 minutes) for posterior plasma dosages. The following tissues were collected: white adipose
tissue (periepididymal, retroperitoneal, mesenteric) and brown adipose tissue (interscapular),
which were weighted and immediately frozen in liquid nitrogen and stored at — 80 °C for

posterior analysis.

2.4 In vivo experiments: Insulin sensitivity test and glucose tolerance test

One week before the surgery, and one week before sacrifice the insulin sensitivity test
(IST) was performed with blood tail samples, collected from the animals for the determination
of blood glucose levels, at the times 0, 15, 30 and 60 minutes after intraperitoneal injection of
insulin (0.75 U/kg BW; Sigma, St. Louis, MO, USA) (14). The glucose tolerance test (GTT)
allowed us to assess the levels of glucose at the times 0, 15, 30, 60 and 120 minutes after
intraperitoneal injection of glucose (2 g/kg BW), following previous fasting period of 12

hours, using Accu-Check (Roche Diagnostics Corp. Indianapolis, USA) (14).
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2.5 Laboratory tests

Plasma dosages of glucose, C-peptide, insulin, total cholesterol, high-density
liproprotein (HDL) and triglycerides, were performed by using specific enzymatic Elisa kits

(DSA BIOELISA, USA).

2.6 Reverse transcription and quantitative real time-polymerase chain reaction (QRT-

PCR)

Total RNA from the periepididymal adipose tissue was prepared using TRIzol reagent
(Invitrogen Corp., San Diego, CA, USA), treated with DNAse and reverse transcribed with
Moloney murine leukemia virus (Invitrogen Corp., San Diego, Calif) using random hexamer
primers. Levels of the tumour necrosis factor (TNF-alpha) and interleukin (IL-6) were
determined by gRT-PCR using SYBR Green reagent (Applied Biosystems, Grand Island, N,
USA) in QuantStudio™ 6 Flex Real-Time PCR System equipment (Applied Biosystems,
USA) with the following primers: TNF-a FW: 5’-ATG GGC TCC CTC TCA TCA GT-3’;
TNF-a RV: 5°-GCT TGG TGG TTT GCT ACG AC-3’; IL-6 FW: 5°-GTC AAC TCC ATC
TGC CCT TCA-3’; IL-6 RV: 5’-GAA GGC AAC TGG CTG GAA GT-3’. Gene expression
was normalized to the endogenous Beta-actin FW: 5°-TGA CAG GAT ACA GAA GGA GA-
3> and RV: 5°-TAG AGC CAC CAA TCC ACA CA-3’. The relative comparative CT method
of Livak and Schmittgen was applied to compare gene expression levels between groups

using the equation 20Dt DelaC(N (15,
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2.7 Statistical analysis

All data were transferred to GraphPad Prism® software (Version 6.0, San Diego, CA,
USA) and analyzed with confidence of 95% (P < 0.05). Data are expressed as the mean + SD.
The differences between two groups were analyzed by the Student’s T test. Statistically
significant differences among more than two groups were analyzed by one-way ANOVA

following Bonferroni post hoc test.

3. Results

In the preoperative period, the food intake (g/BW) was higher in the standard group
but the energy intake (kcal/g BW) was higher in the group fed with high-fat diet, resulting in a
statistically significant body weight increase in all groups fed with high-fat diet when
compared to the groups fed with standard diets (Figure 2.A, B and C). In the postoperative
period, an important decrease in the food intake, energy intake, body weight and adiposity
(evaluated in the periepididymal, mesenteric and retroperitoneal adipose tissues) for the
animals submitted to SG was observed, with no statistically significant difference between the
groups with or without omentectomy (Figure 2. D, E, F, G, H, I and J). Concerning the brown
adipose tissue (interscapular), it was observed a significant increase in the group HFD+SGO

when compared to its respective control group (Figure 2. K).

Regarding the glycemic profile, the IST and GTT performed in the preoperative period
showed significantly elevated glucose levels in the animals treated with high-fat diet (Figure

3.A and B). The same tests performed in the fourth week of the postoperative period, showed
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the tendency of reduction in the glucose levels in the groups submitted to SG or SGO, but
with no significant difference among the groups treated with the same diet (Figure 3.C and
D). Similarly, the plasma glucose dosage (blood collected in the sacrifice) showed values
significantly reduced in the groups HFD+SG and HFD+SGO (Figure 3. E). The C-peptide
and insulin dosages showed reduced levels in the animals submitted to omentectomy, but with
no significant difference when compared to the groups without omentectomy (Figure 3.F and

G).

A significant reduction of the total cholesterol in the groups treated with high-fat diet
and submitted to SG was observed, and similarly with or without omentectomy (Figure 4.A).
In these same groups, there were no differences regarding the plasma levels of HDL and

triglycerides, as showed in the figures 4.B and 4.C.

The gene expression of the inflammatory marker TNF-alpha was significantly lower in
the groups treated with high-fat diet and submitted to SG when compared to the control
group, but no significant difference was observed between the groups with or without
omentectomy (Figure 5.A). On the other hand, the IL-6 expression was significantly lower for
the animals in the group HFD+SG, while the same was not observed for the group HFD+SGO

(Figure 5.B).

4. Discussion

In this study the effects of the omentectomy associated with SG on the weight loss,

glycemic and lipid profile and gene expression of inflammatory markers in the white adipose
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tissue of male Wistar rats treated with standard diet and obesity induced by high-fat diet were
evaluated. There are evidences that this animal model is appropriate in the induction of
obesity, performance of SG with hand-sewn or with suture staple technique and posterior
evaluation of the corporal, biochemical and molecular profile (16-18). In the preoperative
period, a significant increase in the body weight of the animals treated with high-fat diet was
evidenced. On the other hand, in the postoperative period, a reduction in food intake (g/BW),
energy intake (kcal/g BW), body weight and adiposity for the animals submitted to SG with
or without omentectomy was observed, with a significant reduction in the adiposity in the
group STD when compared to the group HFD. This weight loss after the SG procedure is
observed even when the animals are maintained in the high-fat diet after the surgery, as
performed in this study (19). In our study, the inclusion of omentectomy did not result in a
statistically significant increase in weight loss when compared to the group submitted to SG
only. Regarding the glycemic profile, both the animals in the groups STD and HFD showed a
significant reduction in the levels of insulin and C-peptide after SG or SGO, wherein the
animals in the group HFD it was also evidenced a significant decline in the glycemic levels
but similarly in the groups with or without omentectomy. In the group HFD, the SG and SGO,
in an equivalent manner reduced significantly the total cholesterol levels although this effect
was not evidenced for the levels of HDL (no difference between groups) and triglycerides
(significant reduction in the group STD+SG only). There are only a few studies in the
literature dealing with the effects of the omentectomy associated to the bariatric surgery on
the corporal and metabolic profile, remaining this subject still controversial and challenging.
Thorne et al. showed the long-term benefic effects of the omentectomy associated to the
adjustable gastric banding in the weight loss and improvement of the metabolic parameters in

obese patients (5). CSendes et al. presented a prospective randomized study involving seventy
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patients with obesity degree I, where the performance of gastric bypass with or without
omentectomy and a follow up of two years. During this period, it was not evidenced
differences regarding the body mass index (BMI), plasma levels of glucose, insulin, total
cholesterol and triglycerides in the groups with or without omentectomy (20). Wu et al.
performed laparoscopic SG with or without omentectomy in forty obese patients. In the group
where the omentectomy was performed, it was also done a partial enterectomy with a
resection ranging from 80 to 200 cm of the small bowel with the preservation of the first 100
cm of the jejunum and the last 200 cm of the ileum. Even in this complex technique, the
follow up of up to twelve months showed that there were no significant differences in the
body mass index loss or in the percentage of excess body weight loss and also there was no
significant difference concerning the dosages of triglycerides, total cholesterol, HDL, fasting
glucose and fasting insulin, concluding that in the period evaluated, the SG with or without
omentectomy and partial enterectomy did not differ in its effects regarding weight loss. The
authors in this study considered the SG alone as an effective and secure procedure and
highlighted that the inclusion of omentectomy and partial enterectomy may present a higher
risk for complications, such as leakage, stenosis, and bowel adhesion (21). However, Santoro
et al., in previous years, described an association between SG, omentectomy and jejunectomy,
which he called digestive adaptation, with favorable results regarding the improvement of
comorbidities, specially diabetes mellitus, attributing these results to a neuroendocrine
postprandial increment, demonstrated by the reduction of ghrelin and resistin and an increase
of glucagon-like peptide-1 and peptide Y'Y, without the deleterious effects of mal-absorption
(22). These same authors also showed the benefic effects of the entero-omentectomy alone on
the glycemic profile of patients with DM2 and obesity degree I, and a follow up of three years

(23). Heap et al. also presented favorable results regarding the improvement of comorbidities
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associated to obesity performing a technique similar to the Santoro, which includes subtotal
lateral gastrectomy, placement of gastric ring, partial resection of the jejunum and
omentectomy (24). However, as this technique show four components it is difficult to define

the real benefic role of the omentectomy.

An interesting evidence in our study was the significant weight increase of the
interscapular brown adipose tissue (g/BW) observed in the HFD group submitted to SG with
omentectomy. Bucerius et al. evaluated the bariatric surgery impact on the metabolic activity
of different adipose tissues, showing an increment of the brown adipose tissue with an
improvement of the metabolic parameters in morbidly obese patients (25). Schneck et al.
showed that in high-fat diet induced obese mice a decrease in the white adipose tissue and an
increment of the brown adipose tissue occurred after SG (26). As far as we know, there are no
studies correlating the potential effects of the omentectomy associated to the bariatric surgery

in the brown adipose tissue.

The adipose tissue is recognized as an endocrine organ by its expression and secretion
of several factors with important endocrine functions (1). The expression of proinflammatory
cytokines, among them tumor necrosis factor-alpha (TNF-alpha), has been described in the
adipose tissue of different rodent models of obesity and diabetes, with an important role in the
insulin resistance (27). Xia et al. performing total endoscopic resection of the omentum in
rats, showed a decrease in the levels of TNF-alpha with improvement in the metabolic
patterns (28). In the present study it was observed a decrease in expression of TNF-alpha in
the periepididymal adipose tissue in the groups treated with HFD and submitted to SG when

compared to the control group (sham surgery), but with no significant different among the
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animals which have been submitted or not to omentectomy. Concerning the expression of IL-
6 in this same tissue, it was observed a significant reduction only for the HFD group, in which
the SG and omentectomy was performed. Herrera et al. performed a randomized study with
twenty two patients that were submitted to a laparoscopic Roux-en-Y gastric bypass
(LRYGB) with or without omentectomy. After a postoperative follow up of twelve months, it
was evidenced comparative results in the patients with or without omentectomy regarding the
glycemic and lipid profile and also concerning the inflammatory mediators. The surgical time
was significantly more prolonged when the omentectomy was performed and a duodenal
perforation occurred during this procedure (29). Sdralis et al. also reached similar conclusions
performing SG alone or with omentectomy in thirty and one patients with obesity degree I11.
The follow up of one year showed a weight loss comparable in both groups, increase in the
levels of adiponectin and HDL and a significant decrease in the levels of insulin, 1L-6 and hs-
CRP in both groups, but with no significant differences between them, and no significant

modification in the levels of TNF-alpha (30).

5. Conclusion

In accordance with previous studies, our study concluded that the omentectomy
associated with sleeve gastrectomy when compared to the SG alone, did not result in
significant benefits for the glycemic and lipid profiles and in the attenuation of the expression
of inflammatory markers (TNF-alpha and IL-6) in the white adipose tissue of rats treated with
standard and high-fat diet in the period of experimentation. However, in the HFD group
where the omentectomy was performed, there was a significant increase of the brown adipose

tissue, and this correlation needs to be further investigated. As the omentectomy procedure
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requires more surgical time, involves the potential risks for other intraoperative complications
and implies in the resection of a structure with proven benefits, more studies are required to
be conducted in order to obtain more consistent data proving that the reduction of the visceral
adipose tissue with the resection of the great omentum associated to bariatric surgery
improves the metabolic profile of obese patients with reduction of the cardiovascular risk and

other comorbidities associated with obesity.

Acknowledgments

The presente work was supported in part by grants from Fundacdo de Amparo a
Pesquisa do Estado de Minas Gerais (FAPEMIG — Brazil), Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPg — Brazil) and Coordenacdo de

Aperfeicoamento de Pessoal de Nivel Superior (CAPES — Brazil).

Disclosure

The authors report no proprietary or commercial interest in any product mentioned or

concept discussed in this article.

REFERENCES

1. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin Endocrinol Metab.
2004,89(6):2548-56.

2. Despres JP, Lemieux I, Bergeron J, Pibarot P, Mathieu P, Larose E, et al. Abdominal
obesity and the metabolic syndrome: contribution to global cardiometabolic risk. Arterioscler
Thromb Vasc Biol. 2008;28(6):1039-49.



88

3. Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006;444(7121):860-
1.

4. Phillips LK, Prins JB. The link between abdominal obesity and the metabolic
syndrome. Curr Hypertens Rep. 2008;10(2):156-64.

5. Thorne A, Lonngvist F, Apelman J, Hellers G, Arner P. A pilot study of long-term
effects of a novel obesity treatment: omentectomy in connection with adjustable gastric
banding. Int J Obes Relat Metab Disord. 2002;26(2):193-9.

6. Litbarg NO, Gudehithlu KP, Sethupathi P, Arruda JA, Dunea G, Singh AK. Activated
omentum becomes rich in factors that promote healing and tissue regeneration. Cell Tissue
Res. 2007;328(3):487-97.

7. Vernik J, Singh AK. Omentum: power to heal and regenerate. Int J Artif Organs.
2007;30(2):95-9.

8. Singh AK, Patel J, Litbarg NO, Gudehithlu KP, Sethupathi P, Arruda JA, et al.
Stromal cells cultured from omentum express pluripotent markers, produce high amounts of
VEGF, and engraft to injured sites. Cell Tissue Res. 2008;332(1):81-8.

9. Liebermann-Meffert D. The greater omentum. Anatomy, embryology, and surgical
applications. Surg Clin North Am. 2000;80(1):275-93, xii.

10.  Dillard TH, Purnell JQ, Smith MD, Raum W, Hong D, Laut J, et al. Omentectomy
added to Roux-en-Y gastric bypass surgery: a randomized, controlled trial. Surg Obes Relat
Dis. 2013;9(2):269-75.

11.  Andersson DP, Thorell A, Lofgren P, Wiren M, Toft E, Qvisth V, et al. Omentectomy
in addition to gastric bypass surgery and influence on insulin sensitivity: a randomized double
blind controlled trial. Clin Nutr. 2014;33(6):991-6.

12.  Fabbrini E, Tamboli RA, Magkos F, Marks-Shulman PA, Eckhauser AW, Richards
WO, et al. Surgical removal of omental fat does not improve insulin sensitivity and
cardiovascular risk factors in obese adults. Gastroenterology. 2010;139(2):448-55.

13.  Andrade JM, Paraiso AF, de Oliveira MV, Martins AM, Neto JF, Guimaraes AL, et al.
Resveratrol attenuates hepatic steatosis in high-fat fed mice by decreasing lipogenesis and
inflammation. Nutrition. 2014;30(7-8):915-9.

14.  Santos SH, Braga JF, Mario EG, Porto LC, Rodrigues-Machado Mda G, Murari A, et
al. Improved lipid and glucose metabolism in transgenic rats with increased circulating
angiotensin-(1-7). Arterioscler Thromb Vasc Biol. 2010;30(5):953-61.

15.  Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time
guantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. 2001;25(4):402-8.

16.  Patrikakos P, Toutouzas KG, Gazouli M, Perrea D, Menenakos E, Papadopoulos S, et
al. Long-term plasma ghrelin and leptin modulation after sleeve gastrectomy in Wistar rats in
comparison with gastric tissue ghrelin expression. Obes Surg. 2011;21(9):1432-7.

17.  de Bona Castelan J, Bettiol J, d’/Acampora AJ, Castelan JV, de Souza JC, Bressiani V,
et al. Sleeve gastrectomy model in Wistar rats. Obes Surg. 2007;17(7):957-61.



89

18.  Patrikakos P, Toutouzas KG, Perrea D, Menenakos E, Pantopoulou A, Thomopoulos
T, et al. A surgical rat model of sleeve gastrectomy with staple technique: long-term weight
loss results. Obes Surg. 2009;19(11):1586-90.

19.  Valenti V, Martin M, Ramirez B, Gomez-Ambrosi J, Rodriguez A, Catalan V, et al.
Sleeve gastrectomy induces weight loss in diet-induced obese rats even if high-fat feeding is
continued. Obes Surg. 2011;21(9):1438-43.

20.  Csendes A, Maluenda F, Burgos AM. A prospective randomized study comparing
patients with morbid obesity submitted to laparotomic gastric bypass with or without
omentectomy. Obes Surg. 2009;19(4):490-4.

21.  Wu J, Ye H, Wang Y, Zhu Y, Xie Z, Zhan X. Comparative study of laparoscopic
sleeve gastrectomy with and without partial enterectomy and omentectomy. Surg Obes Relat
Dis. 2012;8(3):275-80.

22.  Santoro S, Milleo FQ, Malzoni CE, Klajner S, Borges PC, Santo MA, et al.
Enterohormonal changes after digestive adaptation: five-year results of a surgical proposal to
treat obesity and associated diseases. Obes Surg. 2008;18(1):17-26.

23.  Milleo FQ, Campos ACL, Santoro S, Lacombe A, Santo MA, Vicari MR, et al.
Metabolic effects of an entero-omentectomy in mildly obese type 2 diabetes mellitus patients
after three years. Clinics. 2011;66(7):1227-33.

24.  Heap AJ, Cummings DE. A novel weight-reducing operation: lateral subtotal
gastrectomy with silastic ring plus small bowel reduction with omentectomy. Obes Surg.
2008;18(7):819-28.

25.  Bucerius J, Vijgen GH, Brans B, Bouvy ND, Bauwens M, Rudd JH, et al. Impact of
bariatric surgery on carotid artery inflammation and the metabolic activity in different adipose
tissues. Medicine (Baltimore). 2015;94(20):e725.

26.  Schneck AS, lannelli A, Patouraux S, Rousseau D, Bonnafous S, Bailly-Maitre B, et
al. Effects of sleeve gastrectomy in high fat diet-induced obese mice: respective role of
reduced caloric intake, white adipose tissue inflammation and changes in adipose tissue and
ectopic fat depots. Surg Endosc. 2014;28(2):592-602.

27.  Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of tumor necrosis
factor-alpha: direct role in obesity-linked insulin resistance. Science. 1993;259(5091):87-91.
28.  Xia L, Hua J, Dray X, Khashab MA, Liang S, Kim YS, et al. Endoscopic visceral fat
removal as therapy for obesity and metabolic syndrome: a sham-controlled pilot study (with
video). Gastrointest Endosc. 2011;74(3):637-44.

29.  Herrera MF, Pantoja JP, Velazquez-Fernandez D, Cabiedes J, Aguilar-Salinas C,
Garcia-Garcia E, et al. Potential additional effect of omentectomy on metabolic syndrome,
acute-phase reactants, and inflammatory mediators in grade Ill obese patients undergoing
laparoscopic Roux-en-Y gastric bypass: a randomized trial. Diabetes Care. 2010;33(7):1413-
8.

30.  Sdralis E, Argentou M, Mead N, Kehagias I, Alexandridis T, Kalfarentzos F. A
prospective randomized study comparing patients with morbid obesity submitted to sleeve
gastrectomy with or without omentectomy. Obes Surg. 2013;23(7):965-71.



90

Legends

Figure 1. Sleeve gastrectomy and omentectomy. (A) Exposition and repair of the stomach at the Hiss angle and
distal antrum. (B) 70-80% resection of the stomach including the gastric fundus. (C) Formation of the gastric
tube (sleeve gastrectomy performed). (D) Stomach resected. (E) Exposition of the greater omentum. (F)

Omentectomy performed.

Figure 2. Food intake, energy intake, body weight and tissues weight of rats fed with standard diet (STD) and
high-fat diet (HFD) and submitted to sham surgery (STD+L and HFD+L), sleeve gastrectomy (STD+SG and
HFD+SG) and sleeve gastrectomy+omentectomy (STD+SGO and HFD+SGO). (A) Food intake (g/BW)
preoperative. (B) Energy intake (Kcal/g BW) preoperative. (C) Body weight (g) preoperative. (D) Food intake
(9/BW) postoperative. (E) Energy intake (Kcal/g BW) postoperative. (F) Body weight (g) postoperative. (G)
Periepididymal adipose tissue weight (g/BW). (H) Mesenteric adipose tissue weight (g/BW). (1) Retroperitoneal
adipose tissue weight (g/BW). (J) Body adiposity/white adipose tissue weight (periepididymal, mesenteric and
retroperitoneal) (g/BW). (K) Interscapular brown adipose tissue weight (g/BW). (*P < 0.05; **P < 0.01; ***P <

0.001 (t-tests, one-way ANOVA and Bonferroni post-test).

Figure 3. Preoperative and pre-sacrifice insulin sensitivity tests (IST), glucose tolerance tests (GTT) and blood
parameters of rats fed with standard diet (STD) and high-fat diet (HFD) and submitted to sham surgery (STD+L
and HFD+L), sleeve gastrectomy (STD+SG and HFD+SG) and sleeve gastrectomy+omentectomy (STD+SGO
and HFD+SGO). (A) Preoperative IST (mg/dL). (B) Preoperative GTT (mg/dL). (C) Pre-sacrifice IST (mg/dL).
(D) Pre-sacrifice GTT (mg/dL). (E) Plasma glucose (mg/dL). (F) Plasma C-peptide (ng/mL). (G) Plasma insulin

(Ul/mL). *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and Bonferroni post-test).

Figure 4. Blood parameters of rats fed with standard diet (STD) and high-fat diet (HFD) and submitted to sham
surgery (STD+L and HFD+L), sleeve gastrectomy (STD+SG and HFD+SG) and sleeve
gastrectomy+omentectomy (STD+SGO and HFD+SGO). (A) Total cholesterol (mg/dL). (B) HDL (mg/dL). (C)

Triglycerides (mg/dL). *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and Bonferroni post-test).
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Figure 5. Analysis of mMRNA expression of inflammatory-related targets by qRT-PCR in the periepididymal
adipose tissue of rats fed with standard diet (STD) and high-fat diet (HFD) and submitted to sham surgery
(STD+L and HFD+L), sleeve gastrectomy (STD+SG and HFD+SG) and sleeve gastrectomy+omentectomy
(STD+SGO and HFD+SGO). (A) mRNA expression of tumor necrosis factor - alpha (TNF- alpha) (Arbitrary

Unit). (B) mRNA expression of interleukin-6 (IL-6) (Arbitrary Unit). *P < 0.05; **P < 0.01; ***P < 0.001 (one-

way ANOVA and Bonferroni post-test).

Figure 1. Sleeve gastrectomy and omentectomy. (A) Exposition and repair of the stomach at the Hiss angle and
distal antrum. (B) 70-80% resection of the stomach including the gastric fundus. (C) Formation of the gastric
tube (sleeve gastrectomy performed). (D) Stomach resected. (E) Exposition of the greater omentum. (F)

Omentectomy performed.
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Figure 2. Food intake, energy intake, body weight and tissues weight of rats fed with standard diet (STD) and
high-fat diet (HFD) and submitted to sham surgery (STD+L and HFD+L), sleeve gastrectomy (STD+SG and
HFD+SG) and sleeve gastrectomy+omentectomy (STD+SGO and HFD+SGO). (A) Food intake (g/BW)
preoperative. (B) Energy intake (Kcal/g BW) preoperative. (C) Body weight (g) preoperative. (D) Food intake
(9/BW) postoperative. (E) Energy intake (Kcal/g BW) postoperative. (F) Body weight (g) postoperative. (G)
Periepididymal adipose tissue weight (g/BW). (H) Mesenteric adipose tissue weight (g/BW). (1) Retroperitoneal
adipose tissue weight (g/BW). (J) Body adiposity/white adipose tissue weight (periepididymal, mesenteric and
retroperitoneal) (g/BW). (K) Interscapular brown adipose tissue weight (g/BW). (*P < 0.05; **P < 0.01; ***P <

0.001 (t-tests, one-way ANOVA and Bonferroni post-test).
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Figure 3. Preoperative and pre-sacrifice insulin sensitivity tests (IST), glucose tolerance tests (GTT) and blood
parameters of rats fed with standard diet (STD) and high-fat diet (HFD) and submitted to sham surgery (STD+L
and HFD+L), sleeve gastrectomy (STD+SG and HFD+SG) and sleeve gastrectomy+omentectomy (STD+SGO
and HFD+SGO). (A) Preoperative IST (mg/dL). (B) Preoperative GTT (mg/dL). (C) Pre-sacrifice IST (mg/dL).
(D) Pre-sacrifice GTT (mg/dL). (E) Plasma glucose (mg/dL). (F) Plasma C-peptide (ng/mL). (G) Plasma insulin

(Ul/mL). *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and Bonferroni post-test).
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Figure 4. Blood parameters of rats fed with standard diet (STD) and high-fat diet (HFD) and submitted to sham
surgery (STD+L and HFD+L), sleeve gastrectomy (STD+SG and HFD+SG) and sleeve
gastrectomy+omentectomy (STD+SGO and HFD+SGO). (A) Total cholesterol (mg/dL). (B) HDL (mg/dL). (C)

Triglycerides (mg/dL). *P < 0.05; **P < 0.01; ***P < 0.001 (one-way ANOVA and Bonferroni post-test).
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Figure 5. Analysis of mRNA expression of inflammatory-related targets by gRT-PCR in the periepididymal
adipose tissue of rats fed with standard diet (STD) and high-fat diet (HFD) and submitted to sham surgery
(STD+L and HFD+L), sleeve gastrectomy (STD+SG and HFD+SG) and sleeve gastrectomy+omentectomy
(STD+SGO and HFD+SGO). (A) mRNA expression of tumor necrosis factor - alpha (TNF- alpha) (Arbitrary
Unit). (B) mRNA expression of interleukin-6 (IL-6) (Arbitrary Unit). *P < 0.05; **P < 0.01; ***P < 0.001 (one-

way ANOVA and Bonferroni post-test).
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July 24, 2015
Dear Dr. D.W. McFadden and Dr. S.A. LeMaire

We are pleased to submit a new manuscript entitled “Effects of omentectomy in addition to
sleeve gastrectomy on metabolic and inflammatory profile of obese rats” for consideration by
the Journal of Surgical Research.

We confirm that this work is original and has not been published elsewhere nor is it currently
under consideration for publication elsewhere.

In this paper, we report the effects of the inclusion of omentectomy in addition to sleeve
gastrectomy on the lipid and glycemic metabolism as well as on the expression of important
inflammatory markers in the white adipose tissue of rats. This is significant because the
performance of omentectomy associated to different bariatric surgery techniques is still
controversial regarding the benefic effects on the metabolism and weight loss in the obese.
The paper should be of interest to readers in the areas of general surgery, bariatric surgery,
gastroenterology, endocrinology and metabology.

Our study, in addition to evaluate the effect of the omentectomy as a part of bariatric surgery
on the weight loss and the metabolic profile, also evaluates the gene expression of TNF-alpha

and IL-6 in the white adipose tissue of male rats submitted to sleeve gastrectomy. In the
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literature there are only a few studies concerning the effects of omentectomy on
inflammation, which uses serum parameters of the inflammatory markers. As far as we know,
there are no studies associating this procedure with the evaluation of inflammation through
the analysis of the tissue expression of these important markers. Moreover, regarding the
studies that evaluate the effects on the glycemic and lipid metabolism in obese patients, there
are many controversies that make it clear the necessity of more studies that may define the
actual value of the resection of the great omentum. If on the one hand we know that the
omentum is part of the visceral adipose tissue, which in excess is associated to the secretion of
proinflammatory cytokines and a higher cardiovascular risk, on the other hand, it is already
well established that in the midst of the omental adipose tissue there are tissues rich in
machrophages, lymphocytes and hematopoietic cells. This ensures the omentum as a tissue
with unique composition, with neovascularization, hemostasis, debridement, healing and
regeneration of injured tissues. Motivated by these controversies about this subject and its
scarcity in the literature regarding the effects on the inflammation, we believe that is very
relevant to develop an experimental study where the omentectomy is performed in association
to the sleeve gastrectomy, which is a technique already known by its metabolic and bariatric
effects.

In addition, we would like to indicate some potential reviewers for our paper, as follow:

Mariane Bertagnolli (mariane.bo@gmail.com), Sainte-Justine University Hospital Research

Center; Katia de Angelis (prof.kangelis@uninove.br), Universidade de Sdo Paulo (USP) /

UniNove; Maria Claudia Irigoyen (hipirigoyen@gmail.com), Universidade de S&o Paulo

(USP); Adaliene Versiani Ferreira (adaliene@gmail.com), Universidade Federal de Minas
Gerais (UFMG).

Please address all correspondence concerning this manuscript to me at

sergiosousas@hotmail.com

Thank you for your consideration of this manuscript.
Sincerely,

Sérgio Henrique Sousa Santos
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5 CONSIDERACOES FINAIS

Como a prevaléncia da obesidade e suas alteracdes metabolicas, em especial, o diabetes
mellitus tipo 1l (DM2) adquiriram proporcdes alarmantes, trabalhos que aprofundam o
conhecimento desta patologia no nivel celular e molecular contribuem para uma melhor
compreensdo dos mecanismos fisiopatoldgicos da doenga, suas inter-relacGes e,
consequentemente, apontam novas possibilidades terapéuticas. No caso da obesidade
morbida, a cirurgia bariatrica é considerada o método terapéutico mais eficaz, promovendo
reducdo significativa do peso e das morbidades associadas. O bypass gastrico é a técnica mais
empregada no mundo. No entanto, a gastrectomia vertical desponta como uma nova proposta
cirdrgica para o tratamento da obesidade e doencas associadas, ndo como primeira etapa de
tratamento para pacientes com obesidade extrema e de alto risco, mas como possibilidade de

tratamento Unico e definitivo.

Neste trabalho, em ratos com obesidade induzida por dieta hiperlipidica, ficou demonstrado
gue a gastrectomia vertical € uma técnica cirurgica com resultados satisfatérios quanto a perda
de peso, incremento do perfil metabdlico (glicidico e lipidico) e reducdo da expressdo tecidual
de marcadores inflamatérios e de componentes do sistema renina-angiotensina (SRA), 0s
quais apresentam acOes deletérias e contribuem para a génese ou agravamento das
comorbidades relacionadas a obesidade. Muitos destes efeitos benéficos no metabolismo néo
podem ser explicados somente em decorréncia da perda de peso; portanto, a demonstragéo de
que esta técnica interfere positivamente na expressdo de marcadores inflamatérios e do SRA,
contribui para que possa ser considerada uma cirurgia com efeitos bariatricos e metabdlicos.
Como é uma técnica cirargica segura, com maior facilidade de execucdo, ndo requer
anastomoses intestinais e que preserva grande parte da fisiologia gastrointestinal, sustentamos
a evidéncia de ser uma ferramenta terapéutica valiosa, com possibilidade de ampliacdo de
suas indicacgdes no tratamento da obesidade e DM2.

Com relagdo a controversa reducdo do tecido adiposo visceral através da inclusdo da
resseccdo do omento maior durante a realizacdo da cirurgia bariatrica, nosso trabalho nédo

demonstrou beneficio adicional quanto ao incremento da perda de peso e melhora dos
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parametros metabolicos quando a omentectomia foi adicionada a gastrectomia vertical em
ratos com obesidade induzida por dieta hiperlipidica. Nos animais tratados com dieta
hiperlipidica e submetidos a gastrectomia vertical, o acréscimo da omentectomia esteve
associado a maior quantidade de tecido adiposo marrom. Este fato merece novos estudos.
Apesar de 0 omento ser parte importante do tecido adiposo visceral, o qual estd associado
com maior risco cardiovascular, mais estudos sdo necessarios para que se estabeleca com
propriedade a indicacdo da omentectomia nos pacientes obesos, ja que esta estrutura possui

propriedades imunoldgicas, hemostéaticas e de regeneracao tecidual.

Portanto, a gastrectomia vertical isolada pode ser considerada como terapéutica bariatrica e
metabolica para obesidade e suas comorbidades, e, sob a luz da biologia molecular, ser

compreendida além da perspectiva anatdmica.
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ANEXOS

ANEXO A - Parecer do Comité de Etica em Experimentagio e Bem-Estar
Animal/UNIMONTES

UNIVERSIDADE ESTADUAL DE MONTES CLAROS

PARECER CONSUBSTANCIADO

Montes Claros, 21 de novembro de 2014.

Processo N. 031 i

Titulo do Projeto: Avaliagio baélica, infl, oria e molecular de ratos tratados com dieta hiperlipidica e normolipidica
s submetidos a gastrectomia venlcal cnm e sem omentectomia

Orientador: Prof. Sérgio Henrique Sousa Santos

Histérico

A prevaléncia mundial da obesidade, o de peso, a dislipidemia e as alteragdes metabdlicas que os acompanham vém se
tornando alarmantes. Paralel o diab melitus 11, as doengas cardiovasculares e a hipertrigliceridemia representam um
agravo expressivo que leva a um estado de doenga de grande rcpcrcu>sﬁo ligada a varios fatores, com grande impacto na
morbidade ¢ mortalidade da populagdo dial. R I§ foi d ada a associagdo causal entre obesidade e

inflamagdo cronica subclinica e também a participagio do Sistema Renina Angiotensina e Sirtuinas na rcgulacAO de processos
metabélicos.
A descricdio da Sindrome Metabélica, a gravidade de suas conscquencms deletérias ¢ o aumento dramético de sua prevaléncia
levaram os profissionais da satde a considerd-la como um dos principais problemas de satde piblica do mundo. Existe, também.
forle c,vxdenc:a dc que uma ampla I idade nos riscos metabdlicos e cardi lares, ainda ndo bem esclarecidos, estio
d; | ao local de acimulo do excesso de tecndo adiposo. O acumulo do tecido adiposo visceral é um
importante tator predmvo para distrbios do boli lipidico, glicidico ou que o actimulo de tecido
adiposo nas partes mais inferiores do corpo ndo estd associado ao aumento destas alteragoes melabohcas Diante disto, é de
extrema importancia contribuir para o tratamento clinico destes paci dando a exp ) de diferentes marcadores
inflamatrios e do Sistema Renina Angiotensina e Sirtuinas na obesidade bem como suas correlagdes com o metabolismo lipidico
¢ glicidico. Evidéncias mostram que a modulagdo dos mediadores inflamatorios secretados pelo tecido adiposo em expansdo pode
ser uma ferramenta terapéutica importante para a prevengdo de comorbidades associadas a obesidade.
No caso da obesidade morbida, a cirurgia baridtrica é considerada o método terapéutico mais cncaz. promovendo rcducﬁo
significativa do peso ¢ das morbidades relacionadas. A redugfio do peso corporal geral ¢ acompanhada por uma diminuiga
ou até mesmo uma normalizagdo dos pardmetros biolgicos. Essas cirurgias tém sido citadas como alternativa de trataménto do
diab melitts 1. E . 0 retorno da glicemia ao normal ¢ os niveis normais de triglicérides sdo observados logo nos
primeiros dias ap6s a cirurgia, sugerindo que a perda de peso ndo explica inteiramente por que a cirurgia melhora o diabetes.
Efeitos relacionados aos emem—hormémos (GLP-1 ¢ PYY), e suas agdes sobre o Sistema Nervoso Central e o aparelho digestorio

P como 1 resy is pela melk do le do boli da glicose.

Meérito

Os resultados do projeto permitirdo conhecer os efeitos da ga.streclomla vemcal em modelos animais com Sindrome Metabolica
induzida por dieta hlperhpldnca bem como correlaci o perfil bol: io, do Sistema Renina Angiotensina,

Sirtuinas e principais entero-hormonios no pos-operatério, avaliando inclusive a relevancia de se incluir a omentectomia como
parte da técnica, ji que o epiplon é parte importante do tecido adiposo visceral ainda com funcdes ndo completamente
esclarecidas.

O projeto ird avaliar as inter-relagdes dos principais marcadores envolvidos na fisiopatologia da obesidade e nos estudos dos
resultados da gastrectomia vertical com omentectomia como importante opg¢do no tratamento da Sindrome Metabdlica e suas
doengas associadas. Assim, espera-se, no futuro, aprofundar o entendimento e ampliar a eficacia das terapéuticas medicamentosas
bem como considerar a cirurgia baridtrica além da perspectiva anatdmica e, sob a luz da biologia molecular, aumentar o foco na
cirurgia metabélica.

Parecer

0 Comité de Etica em Experimentacdo ¢ Bem-Estar Animal (CEEBEA) da UNIMONTES analisou o processo n® 031 e entende
que 0 mesmo encontra-se Aprovado.

kst

» Raphael Lopgsso Jiinior

Presidente da Comisséo de'Etica xperimentagiio ¢ Bem-Estar Animal da UNIMONTES

COMITE DE ETICA EM EXPERIMENTAGAO E BEM-ESTAR ANIMAL Unimontes
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ANEXO B

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). Obesity Surgery publishes concise articles on Original Contributions, New Concepts,
How | Do It, Review Articles, Brief Communications, Letters to the Editor and dedicated
Video Submissions. Requirements are in accordance with the "Uniform Requirements for
Manuscripts submitted to Biomedical Journals, "www.icmje.org. 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. ETHICAL RESPONSIBILITIES OF AUTHORS

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 deal with 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
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* 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.

* 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 on accepting 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 qguidelines. 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
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2a. 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

* 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 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).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).
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Conflict of Interest: Author A has received research grants from Company A. Author B has
received a speaker honorarium from Company X and owns stock in Company Y. Author C is
a member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

2b. 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.”
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For retrospective studies, add the following sentence:

“For this type of study formal consent is not required.”

ii. Informed Consent

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. ldentifying 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 be included:

“Additional informed consent was obtained from all individual participants for whom

identifying information is included in this article.”

3. IMPORTANT SUBMISSION INFORMATION

3a. SYSTEM REQUIREMENTS

Authors will need the following items in order to use Editorial Manager:
* Internet access

* A current Adobe Acrobat browser plug-in

* Electronic files of all required documents for upload.
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3b. YOUR AUTHOR ACCOUNT

Authors entering the journal's Editorial Manager site for the first time can create a new
account at http://www.edmgr.com/obsu/ by clicking “Login” at the top of the screen, and
“Register Now” at the next screen, and then following the online prompts in order to create
your account and submit a manuscript.

NOTE: If you have previously logged into the system, you should always use your existing
account for ALL subsequent submissions. If you have forgotten your Username or Password,

you may use the “Send Username/Password” link at the OBSU Log In Page.

3c. ONLINE SUBMISSION

After you have logged into your account and entered your Submission Center, Editorial
Manager will lead you through a step-by-step submission process. When submitting your
manuscript through Editorial Manager, you will navigate through nine (9) submission steps.
The required documents for all online submissions include the main Manuscript document,
and a Conflict of Interest (COI) form, which should be completed by each contributing
author.

Note: Always keep copies of your word-processing, graphic, video and COI files. You may
want to revise the manuscript text, images or forms after the review process and you will need
the original files if your manuscript requires revisions.

Make sure that all required online fields are completed before attempting to submit; the
system will not 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.

4. MANUSCRIPT PREPARATION

Please take note of the required 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.
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* 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.

4a. MANUSCRIPT SECTIONS AND FILE ITEMS

When you upload your manuscript documents to OBSU, the system will ask you to indicate
the manuscript file “Item.” Your manuscript should be submitted in various parts; for
example, your “Manuscript” should be uploaded separately from the “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 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. Manuscript — Main Text (required)

In the "Attach Files” step (final step) of your submission, the “Manuscript” file should include
a Title Page, the Main Text (which should include a Conflict of Interest Disclosure
Statement), References, and Figure Legends (if any). Tables may also be included at the end
of this document, or submitted separately.

Title Page. This should include:

* The title of the article.

* The manuscript type.

*» The complete names and academic degrees for each contributing author (first name, middle
initial[s], surname, degree[s]).

* The departmental and institutional affiliations with complete email addresses for each
contributing author. Include the city, state or province, and country where the work was
performed.
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* "Correspondence to" followed by the name and contact information for the corresponding
author.

* A shortened title for use as a running head (not to exceed 30 characters in length, including
spaces between words).

* At the bottom of the page, any detailed grant information, and acknowledgment of any grant
support.

» Acknowledgments: Individuals, other than authors, who were of direct help in the reported
work should be acknowledged by a brief statement. Each acknowledged person should give
their written consent to be named in the manuscript.

Main Text. The main text document should be double-spaced and for most submissions
include:

* Abstract (not required for Letters; optional for Brief Communications)

* Introduction/Purpose

* Materials and Methods

* Results

* Conclusion

* Conflict of Interest Disclosure Statement (see details below)

* References (see details below)

« If separate images or figures are provided, then a Figure Legend should be included in the
main text document after the References.

Any Tables that you provide should be included at the end of the text.

Additional format requirements and details for specific manuscript types are included in the
“Manuscript Types and Formats” section below.

Conflict of Interest Disclosure Statement (in Text). A Conflict of Interest Disclosure
Statement is required to be included for each author within the manuscript text, and should be
located just before the list of References. For each author, the statement must declare the
potential conflict of interest, or “no conflict of interest.” For additional details, refer to section

2a. above.

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 and list them in consecutive, numerical order as they appear
in the text (not alphabetically).

* 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 the Journal does not reference unpublished data and personal
communications.

« If several references are available on the same subject, cite only the most recent and
pertinent, giving preference to original articles over review articles or textbooks.

Journal Articles

Journal articles should be cited according to the Medline®/Pubmed® Journal Article Citation
Format. An example follows:

Lee MJ, Fanelli F, Haage P, Hausegger K, Van Lienden KP. Patient safety in interventional
radiology: a CIRSE IR checklist. Cardiovasc Intervent Radiol. 2012 Apr;35(2):244-6. Epub
2011 Oct 20. PMID: 22011783

Books and Other Published Material

For citation format examples of books, other monographs, other published material, and

electronic material, visit http://www.nlm.nih.gov/bsd/uniform requirements.html
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 table heading. The table title should explain clearly and concisely
the components of the table.

¢ Identify any previously published material by giving the original source in the form of a
reference at the end of the table heading.

* Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

« All tables should be supplied on a separate page at the end of the main document and have

callouts in the text.
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ii. Official Conflict of Interest Form(s) — (required)

Every contributing author must electronically complete the official ICMJE Conflict of Interest
(COI) form, which is available by clicking the “Conflict of Interest Form” link in the “For
visiting http://www.icmje.org/coi_disclosure.pdf. Depending on your internet browser
settings, the uploaded form(s) may not appear as a readable part of the manuscript proofs for
review.

During submission, please make sure that you upload your COI forms at the end of your
submitted document list, so that reviewers do not have difficulties reviewing your submission.
Note: If you have trouble viewing the PDF form after you have downloaded it, make sure that
you open and view the PDF directly from your “downloads” folder via Adobe Reader rather
than by way of your online internet browser.

If any contributing author's COI form is incomplete or missing from the submission, the
submission will be returned to the author for correction prior to review. Each author must
complete the form even if no conflict of interest exists.

Details provided in the ICMJE COI forms must correspond with the required COI Disclosure
Statement that the authors include in the manuscript text (see 4a.i. “Conflict of Interest

Disclosure Statement (in Text)” above).

iii. Figures (optional)

Along with uploading main text document, you can also upload separate figure and graphic
image documents. Common graphics files such as GIF, JPEG, EPS, TIFF and many others are
supported. Do not upload figures as PDF files, or in PowerPoint; we also recommend that
figures not be embedded in the main text of your article.

For vector graphics, the preferred format is EPS; for halftones, TIFF format is preferred. Very
large figure files should be compressed as much as possible before uploading figures to the
website. If the figures will be printed in black and white, do not refer to color in the captions.
All figures are to 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, include the figure legends at the end of the manuscript text. Make sure to identify

all elements found in the figure in the caption.
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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.

Image Size

* Actual size of submitted image(s) should be as follows:

* Width: 39 mm, 84 mm, 129 mm or 174 mm wide.

* Height: No higher than 234 mm.

» The following open source image-conversion software is available in Mac and Windows
format to assist you in standardizing your images:

0 GraphicsMagick - www.graphicsmagick.org

o Image Magick - www.imagemagick.org

0 Xn Convert - www.xnconvert.com

For detailed submission guidelines regarding Line Art, Halftone Art, Combination Art, Color
Art, and other artwork details, click here for Artwork Instructions:
http://www.springer.com/authors/manuscript+guidelines?SGWID=0-40162-12-331200-0

iv. Other (optional)
If you want to provide a file with your submission that does not fit any of the above file

designations, you may submit it under “Other.”

v. Multimedia (video)

We invite contributing authors to submit Supplementary Videos to a manuscript submission,
as well as Dedicated Video Submissions. If any multimedia is submitted, it will be reviewed
along with the submission, and if accepted will be published as-received from the author in
the online version only. All standard instructions for manuscript and video submission should
be followed (see “Videos” below).

Multimedia Articles may consist of:

* Information that cannot be printed: animations, video clips, sound recordings

* Information that is more convenient in electronic form: sequences, spectral data, etc.
* 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, similar to that of figures and tables (e.g., "... as shown in Animation 3.")


http://www.springer.com/authors/manuscript+guidelines?SGWID=0-40162-12-331200-0
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Supplementary Videos

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

* To accommodate user downloads, keep to the recommended upper limit for the size of the
different file types. Larger-sized files may require very long download times, and some users
may experience problems during downloading or viewing for very large files.

* Video clips should not exceed one minute or 2MB. Anything exceeding 1 minute must be
submitted in separate videos.

» Always use either .mp4 or .mov files.

* The content of these files must be identical to that reviewed and accepted by the editor in-
chief.

« All narration should be in English supplementary videos related to the article via
videos.springer.com.

Dedicated Video Submissions

For dedicated video submissions, author(s) will be required to submit an accompanying
textual Abstract, and video according to the following specifications:

* Always use either .mp4 or .mov files.

» Additional details for dedicated Video Submissions can be found in the Table below.

4b. MANUSCRIPT TYPES AND FORMATS
The manuscript types for submission include Original Contributions, New Concepts, How |
Do It, Review Articles, Brief Communications, Letters to the Editor, and Dedicated Video

Submissions. You may submit your manuscript either as Type I, Il, or 11l (detailed below).

I. Manuscript Type |

* Original Contribution: All papers involving clinical or basic science research.

» New Concept: All innovative technologies, devices, procedures or treatment protocols;
should include a detailed description of the procedure and the results.

* How I Do It: A description of a technique or operative procedure of interest

ii. Manuscript Type Il



126

* Review: A scholarly literature review of a current topic. May be solicited or unsolicited.
* Brief Communication: A short report that can present research, an innovated concept or
procedure, or a small case series with important, but very straightforward results.

* Letter: A brief report of an opinion or unstructured comment on a published paper. The

editors reserve the right to accept, reject or excerpt letters without changing the views

expressed by the author(s).

iii. Manuscript Type 111

* Video Submissions: Manuscripts submitted as dedicated video submissions must be

accompanied by a textual Abstract that briefly describes the video. See section 4a.v. above,

for specific video requirements.

Each of the above manuscript types requires a specific submission format. The specific format

for each type can be found in the Table below. When required by the nature of the report,

manuscripts that do not follow the specific formats below may be accepted; e.g., the listed

page, word and figure/image limits may be used as a guideline rather than a rule. Please

remain succinct in your wording.

Table: Manuscript Submission Formats* and Required Items**

FORMAT I #pp/ Main Text Figures | COI Forms
#words
Original Title Page Official ICMJE Conflict
« Structured Abstract, of Interest forms must
Contribution includes subheadings be completed by each
(250 words) contributing author
New Concept * Key Words (these are not viewable
eIntroduction/Purpose to reviewers)
How I Do It 8pp /2400 || Materials/ Methods/ Upto6 http://www.icmje.org/co
Results/ Conclusion i_disclosure.pdf
* COI Disclosure Statement
 References
* Figure Legends (if any)
* Tables (if any)
FORMAT II #pp/ Main Text Figures | COI Forms
#words
* Title Page
Review Article * One-Paragraph Abstract Must be completed by
(125 words) each contributing author
10pp / * Typically these are invited (these are not viewable to
LT . Upto 6 .
3000 submissions; format varies reviewers)
based on topic. http://www.icmje.org/coi_
* COI Disclosure Statement disclosure.pdf
» References
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* Figure Legends (if any)
* Tables (if any)

« Title Page

Brief « Structured Abstract,
Communication includes subheadings
(250 words)
* Key Words
eIntroduction/Purpose
» Materials/ Methods/
Results/ Conclusion
* COI Disclosure Statement
* References
* Figure Legends (if any)
* Tables (if any)

5pp / 1500 Upto?2

« Title Page
Letter to Editor * No Abstract required

¢ Unstructured
4pp /1200 « COI Disclosure Statement
 Limited number of
references

Upto3

FORMAT Il #pp/ Main Text Figures | COIl Forms
#words

* Textual Abstract includes
Dedicated Video Title, COIl statement,
Introduction, Materials/ Must be completed by
Methods/ Results/ each contributing author
Conclusion/ COI Statement, (these are not viewable to
2pp /500 | References (if any) reviewers)

* Video(s) in .mp4 or .mov http://www.icmje.org/coi_
format only; not to exceed disclosure.pdf

10 minutes, with narration
in English.

None

*All text, including references, must be double-spaced with one-inch wide margins, and pages numbered
consecutively
** Title Page, References, COI Statement, Figures and Tables are not considered in Page/Word Count

requirements.

4c. ADDITIONAL SUBMISSION DETAILS

I. Language Editing Services

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

For more information and a price quotation, contact: http://www.edanzediting.com/springer
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ii. Special Characters

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

defining these codes at the end of your paper.

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.

iv. Other Required Forms

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

forms/orders/proofs procedures.

5. MANUSCRIPT SUBMISSION

5a. SUBMISSION STEPS

I. Submission Checklist

Please view a copy of the Submission Checklist below. We recommend that you have all

items listed in the checklist complete and ready for upload before starting your online

submission. During submission, please make sure that you upload your COI forms at the end
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of your submitted document list. Submit all other documents first (main text, figures, tables,

etc.).

ii. Review Your Submission

After uploading the files for your submission, the system will convert the files to PDF, and
either open the PDF in a new window, or download it to your “downloads” folder for you to
open.

Make sure to review the PDF of your submission before you confirm your submission. Once
you have reviewed your PDF document for completeness, click “Submit” and all contributing
authors will receive an emailed confirmation.

After the manuscript is submitted, the Editors will inspect the submission before assigning
reviewers. If any part of the manuscript is not complete, the manuscript will be returned to
your Submission Center, with an e-mail notification sent to the authors indicating a need for
additional information and/or correction. Once a complete manuscript is correctly submitted,
the OBSU editors will assign reviewers to your submission.

5b. KEEPING TRACK

After submission, you may monitor the progress of your submission through the review
process. Only the submitting author can view the submission. In order to view your
submission details and current status, you must enter the same User Name and Password that

you originally used to submit your manuscript.

5c. EDITORIAL REVIEW AND ACTION

The editorial staff will examine submitted manuscripts for accuracy and completeness, and
will customarily send initial manuscript submissions to two or three reviewers, depending on
the manuscript type. We aim for quick reviewer turnaround times, and rely on the promptness
and thoroughness of our volunteer reviewers and Editors. Authors will be notified as to the
acceptability of a manuscript as rapidly as possible. The decision categories are: Accept;
Immediate Reject; Reject (after review); Accept Pending Minor Revisions, and Reject but
Encourage Resubmission After Major Revisions. Suggestion for revisions does not guarantee
acceptance upon resubmission.

If the manuscript is accepted pending minor revisions, or suggested for resubmission after

major revisions, we emphasize the importance of authors providing their revisions as
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promptly as possible, and providing a point-by-point reply to all reviewer comments. The
annotated version of the revised manuscript should identify all changes and include each

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

6. AFTER ACCEPTANCE
If your article is accepted, you will receive a link to the special Springer web page with
questions related to:

6a. AUTHOR PROOFS

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

The article will be published online after receipt of the corrected proofs. Online publication is
the official first publication of the article, and citable with the DOI. After online publication,
further changes can only be made in the form of an Erratum, which would be hyperlinked to
the article. After release of the printed version, the paper can also be cited by issue and page

numbers.

6b. OPEN CHOICE

In addition to the normal publication process (whereby an article is submitted to the journal
and access to that article is granted to customers who have purchased a subscription), Springer
now provides an alternative publishing option: Springer Open Choice. A Springer Open
Choice article receives all the benefits of a regular subscription-based article, but in addition
IS made available publicly through Springer’s online platform SpringerLink. We regret that
Springer Open Choice cannot be ordered for published articles. Go to:

http://springer.com/openchoice or click on the link below for more information.
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OPEN CHOICE

6¢c. PUBLICATION OF COLOR FIGURES

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

6d. OFFPRINTS/ REPRINTS
Can be ordered via the Springer web page.

7. SUPPORT AND ASSISTANCE

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

Attn: Deana Rodriguez

Managing Editor, OBSU Editorial Office

Phone: +001 (562) 961-9928

E-mail: obsu.rodriguez@gmail.com

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

Upload.”

TITLE PAGE REQUIRES:

[ ] Full Title

[ 1 All Contributing Authors, Full Names/Degrees

[ 1 All Author Email Addresses/Affiliations

[ ]"Correspond To" Information

[ ] Short Title for Running Head

[ ] Detailed Acknowledgments and Grant Information
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MAIN MANUSCRIPT TEXT REQUIRES:

[ ]Text

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

[ ] References in PubMed style

[ ] Tables (Optional)

[ ] Figure Legends (if providing figures)

FIGURES/IMAGES:

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

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

[ 1 No identifying information about patients

[ ] Patient and/or publisher permissions, if needed

VIDEO/ELECTRONIC SUPPLEMENTARY MATERIAL:
[ 1 Any Video or multimedia in either .MP4 or .MQV file format
[ ] Supplementary videos not to exceed 2 MB in size

[ ] Narration in English

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

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

[ ] One copy of annotated, revised text, tables and figures
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ANEXO C

JOURNAL OF SURGICAL RESEARCH

A Journal of Surgical Basic Science, Clinical Investigation, Outcome Studies and Education

Research Official Publication of the Association for Academic Surgery

DESCRIPTION

The Journal of Surgical Research: Clinical and Laboratory Investigation publishes original
articles concerned with clinical and laboratory investigations relevant to surgical practice and
teaching.

The journal emphasizes reports of clinical investigations or fundamental research bearing
directly on surgical management that will be of general interest to a broad range of surgeons
and surgical researchers. The articles presented need not have been the products of surgeons
or of surgical laboratories.

The Journal of Surgical Research also features review articles and special articles relating to

educational, research, or social issues of interest to the academic surgical community.

Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special
discounts on Elsevier publications and much more. Please click here for more information on
our author services.
Please see our Guide for Authors for information on article submission. If you require any

further information or help, please visit our support pages: http://support.elsevier.com

GUIDE FOR AUTHORS

INTRODUCTION

The Journal of Surgical Research publishes original manuscripts dealing with clinical and
laboratory investigations pertinent to the practice and teaching of surgery. Priority will be
given to reports of clinical investigations or basic research bearing directly on surgical

management, and of general interest to a wide range of surgeons and surgical investigators.
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Manuscripts relating to surgical specialty interests will be judged onthe basis of general
interest. Research need not have been done by surgeons or in surgical laboratories. The
Journal publishes review articles and special articles relating to educational, research, or
social issues pertinent to the academic surgical community. Such manuscripts should be
designated as Research Review or Special Article in the cover letter, as well as on the title
page. Preliminary reports of 1000 words or less which are accepted by the editorial board will

be given priority for the earliest possible publication.

Submission of Manuscripts

It is a condition of publication that all manuscripts must be submitted in English to the Journal
of Surgical Research submission and review Website, ees.elsevier.com/jsurgres/. Authors are
requested to transmit the text and art of the manuscript in electronic form to this address. Each
manuscript must also be accompanied by a cover letter outlining the basic findings of the
paper and their significance. Minimal exceptions will be exercised. Should you be unable to
provide an electronic version, please contact the editorial office prior to submission by e-mail:
JSR@stellarmed.com; Tel.: 508-732-6767 (x14); or fax: 508-732-6766.

Page charges
This journal has no page charges.

BEFORE YOU BEGIN
Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see

http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-

authors/ethics.

Human and animal rights

If the work involves the use of animal or human subjects, the author should ensure that the
work described has been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU
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for animal experiments

http://ec.europa.eu/environment/chemicals/lab animals/legislation en.htm; Uniform

Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org.
Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be

observed.

Conflict of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding. If there are no
conflicts of interest then please state this: 'Conflicts of interest: none'. See also

http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict

of Interest form can be found at: http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.
Authors are required to disclose commercial or similar relationships to products or companies
mentioned in or related to the subject matter of the article being submitted. Sources of funding
for the article should be acknowledged. Affiliations of authors should include corporate
appointments relating to or in connection with products or companies mentioned in the article,
or otherwise bearing on the subject matter thereof. Other pertinent financial relationships,
such as consultancies, stock ownership or other equity interests or patent-licensing
arrangements, should be disclosed to the Editor-in-Chief in the cover letter at the time of
submission, and this information should also be listed in the manuscript's Disclosure section,
which appears before the Reference section. Questions about this policy should be directed to
the Editor-in-Chief.

Submission declaration

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see http://www.elsevier.com/sharingpolicy), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
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accepted, it will not be published elsewhere including electronically in the same form, in
English or in any other language, without the written consent of the copyright-holder.

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation of
data, (2) drafting the article or revising it critically for important intellectual content, (3) final
approval of the version to be submitted. Generally, the maximum number of expected authors

for a clinical or basic science manuscript is 8.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an
author, or to rearrange the author names, must be sent to the Journal Manager from the
corresponding author of the accepted manuscript and must include: (a) the reason the name
should be added or removed, or the author names rearranged and (b) written confirmation (e-
mail, fax, letter) from all authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author being
added or removed. Requests that are not sent by the corresponding author will be forwarded
by the Journal Manager to the corresponding author, who must follow the procedure as
described above. Note that: (1) Journal Managers will inform the Journal Editors of any such
requests and (2) publication of the accepted manuscript in an online issue is suspended until
authorship has been agreed. After the accepted manuscript is published in an online issue:
Any requests to add, delete, or rearrange author names in an article published in an online

issue will follow the same policies as noted above and result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing
Agreement’ (for more information on this and copyright, see
http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a

link to the online version of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale
or distribution outside the institution and for all other derivative works, including
compilations and translations (please consult http://www.elsevier.com/permissions). If
excerpts from other copyrighted works are included, the author(s) must obtain written
permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement’ (for more information see

http://www.elsevier.com/OAauthoragreement). Permitted third party reuse of open access

articles is  determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).
Author rights

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

more information see http://www.elsevier.com/copyright.

Role of the funding source

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

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to
comply with their funder's open access policies. Some authors may also be reimbursed for
associated publication fees. To learn more about existing agreements please visit
http://www.elsevier.com/fundingbodies.

After acceptance, open access papers will be published under a noncommercial license. For
authors requiring a commercial CC BY license, you can apply after your manuscript is
accepted for publication.
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Open access

This journal offers authors a choice in publishing their research:

Open access

* Articles are freely available to both subscribers and the wider public with permitted reuse;

» An open access publication fee is payable by authors or on their behalf e.g. by their research
funder or institution

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups
through our universal access programs (http://www.elsevier.com/access).

* No open access publication fee payable by authors.

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

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

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

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

The open access publication fee for this journal is USD 2750, excluding taxes. Learn more

about Elsevier's pricing policy: http: http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page
for further information (http://elsevier.com/greenopenaccess). Authors can also self-archive
their manuscripts immediately and enable public access from their institution's repository
after an embargo period. This is the version that has been accepted for publication and which
typically includes author-incorporated changes suggested during submission, peer review and
in editor-author communications. Embargo period: For subscription articles, an appropriate

amount of time is needed for journals to deliver value to subscribing customers before an
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article becomes freely available to the public. This is the embargo period and begins from the
publication date of the issue your article appears in.
This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct scientific English
may wish to use the English Language Editing service available from Elsevier's WebShop
(http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed consent,
which should be documented in the paper. Appropriate consents, permissions and releases
must be obtained where an author wishes to include case details or other personal information
or images of patients and any other individuals in an Elsevier publication. Written consents
must be retained by the author and copies of the consents or evidence that such consents have
been obtained must be provided to Elsevier on request. For more information, please review
the Elsevier Policy on the Use of Images or Personal Information of Patients or other
Individuals, http://www.elsevier.com/patient-consent-policy. Unless you have written
permission from the patient (or, where applicable, the next of kin), the personal details of any
patient included in any part of the article and in any supplementary materials (including all

illustrations and videos) must be removed before submission.

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single PDF
file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset
your article for final publication. All correspondence, including notification of the Editor's
decision and requests for revision, is sent by e-mail.

Submit your article
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Please submit your article via http://ees.elsevier.com/jsurgres/.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether

or not the suggested reviewers are used.

Categorization of Manuscript

The following categories are used in the Table of Contents:
Bioengineering/Nanomedicine
Book Review

Cardio

Education

Gastrointestinal
Metabolism/Nutrition
Musculoskeletal
Oncology/Endocrine
Pediatric/Congenital/Developmental
Research Review

Thoracic
Shock/Sepsis/Trauma/Critical Care
Transplantation/Immunology
Vascular

Wound Healing/Plastic Surgery

PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
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face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a way very
similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). Note that source files of figures, tables and text
graphics will be required whether or not you embed your figures in the text. See also the
section on Electronic artwork. To avoid unnecessary errors you are strongly advised to use the

'spell-check’ and ‘grammar-check’ functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to ‘the
text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid

abbreviations and formulae where possible.

» Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that phone numbers (with
country and area code) are provided in addition to the e-mail address and the complete
postal address. Contact details must be kept up to date by the corresponding author.
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* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used

for such footnotes.

Author contributions. a paragraph should be included on the title page explaining how each
author contributed to the manuscript.

The title of the paper should be no more than 70 characters long.

Abstract
Abstract must emphasize the new and important aspects of the work in no more than 250
words structured into the following sections: background, materials and methods, results, and

conclusions.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of').
Be sparing with abbreviations: only abbreviations firmly established in the field may be

eligible. These keywords will be used for indexing purposes.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed

literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described. For
animal experiments, the sex of animal used must be indicated. If both males and females were
used, the number of animals from each sex must be indicated, and it must be indicated

whether the sex of animal was considered a factor in the statistical analysis of the data. If only
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one sex was used for the animal studies, the rationale for using only one sex must be
indicated. For cell culture experiments, the sex from which primary cell cultures or tissues
were obtained must be indicated. The authors are also encouraged to include sex of cell lines.

If cells or tissues from both sexes were used without regard to sex, this should be indicated.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion

of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which

may stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig.
A.l, etc.

Acknowledgements

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

Disclosure
Every author must disclose any financial and personal relationships with other people or
organizations that could potentially and inappropriately influence (bias) their work and



144

conclusions. Examples of potential conflicts of interest include employment, consultancies,
stock ownership, honoraria, paid expert testimony, patent applications/registrations, and
research grants or other funding. The existence of competing interests is common and often
inevitable. Competing interests are not inherently unethical, but not declaring them is. Any
grant funding or support for the article should be listed in this section. If no conflicts exist, the
authors should state: The authors report no proprietary or commercial interest in any product
mentioned or concept discussed in this article.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for
small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers
of e are often more conveniently denoted by exp. Number consecutively any equations that

have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors can build footnotes into the text, and this feature may be used. Otherwise,
please indicate the position of footnotes in the text and list the footnotes themselves separately

at the end of the article. Do not include footnotes in the Reference list.

Artwork

Electronic artwork

General points

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

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.
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» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

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

here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,

Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork
is finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given

below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;
* Supply files that are too low in resolution;

 Submit graphics that are disproportionately large for the content.
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Color artwork

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

http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to
‘gray scale' (for the printed version should you not opt for color in print) please submit in

addition usable black and white versions of all the color illustrations.

Illustration services

Elsevier's WebShop (http://webshop.elsevier.com/illustrationservices) offers Illustration
Services to authors preparing to submit a manuscript but concerned about the quality of the
images accompanying their article. Elsevier's expert illustrators can produce scientific,
technical and medicalstyle images, as well as a full range of charts, tables and graphs. Image
‘polishing’ is also available, where our illustrators take your image(s) and improve them to a

professional standard. Please visit the website to find out more.

Figure captions

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

and abbreviations used.
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Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body.
Be sparing in the use of tables and ensure that the data presented in them do not duplicate
results described elsewhere in the article. Please avoid using vertical rules.

Please submit Tables in Word format

References

Citation in text

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

implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may

already contain errors. Use of the DOI is encouraged.

Web references
As a minimum, the full URL should be given and the date when the reference was last

accessed. Any further information, if known (DOI, author names, dates, reference to a source
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publication, etc.), should also be given. Web references can be listed separately (e.g., after the

reference list) under a different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have a standard template available in key reference management
packages. This covers packages using the Citation Style Language, such as Mendeley
(http://lwww.mendeley.com/features/reference-manager) and also others like EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages which
are available from the above sites, authors only need to select the appropriate journal template
when preparing their article and the list of references and citations to these will be formatted
according to the journal style as described in this Guide. The process of including templates in
these packages is constantly ongoing. If the journal you are looking for does not have a
template available yet, please see the list of sample references and citations provided in this
Guide to help you format these according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the reference style
for this journal by clicking the link below: http://open.mendeley.com/use-citation-

style/journal-of-surgical-research

When preparing your manuscript, you will then be able to select this style using the Mendeley
plugins for Microsoft Word or LibreOffice. For more information about the Citation Style

Language, visit http://citationstyles.org.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),

journal title/book title, chapter title/article title, year of publication, volume number/book
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chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following

examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual

authors can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they
appear in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci
Commun 2010;163:51-9.

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones
BS, Smith RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009,
p. 281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the
first 6 should be listed followed by ‘et al." For further details you are referred to 'Uniform
Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med Assoc
1997;277:927-34) (see also

http://www.nlm.nih.qgov/bsd/uniform requirements.html).

Journal abbreviations source


http://www.nlm.nih.gov/bsd/uniform_requirements.html

150

Journal names should be abbreviated according to the List of Title Word Abbreviations:

http://www.issn.org/services/online-services/access-to-the-ltwa/.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 150 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web

products, including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with

your files: you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and

the print version for the portions of the article that refer to this content.

Supplementary material

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, high resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. In
order to ensure that your submitted material is directly usable, please provide the data in one
of our recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file. For more
detailed  instructions  please  visit our  artwork instruction  pages  at

http://www.elsevier.com/artworkinstructions.
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Submission checklist

The following list will be useful during the final checking of an article prior to sending it to
the journal for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

» All references mentioned in the Reference list are cited in the text, and vice versa

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

Printed version of figures (if applicable) in color or black-and-white

* Indicate clearly whether or not color or black-and-white in print is required.

* For reproduction in black-and-white, please supply black-and-white versions of the figures
for printing purposes.

For any further information please visit our customer support site at

http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOI consists of a unique alpha-numeric character string which is assigned to a document by
the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. Example of a correctly given
DOI (in URL format; here an article in the
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journal Physics Letters B): http://dx.doi.org/10.1016/j.physletb.2010.09.059 When you use a

DOI to create links to documents on the web, the DOIs are guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we
do not have an e-mail address then paper proofs will be sent by post) or, a link will be
provided in the e-mail so that authors can download the files themselves. Elsevier now
provides authors with PDF proofs which can be annotated; for this you will need to download
Adobe Reader version 9 (or higher) available free from http://get.adobe.com/reader.
Instructions on how to annotate PDF files will accompany the proofs (also given online). The
exact system requirements are given at the Adobe site:

http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections
(including replies to the Query Form) and return them to Elsevier in an e-mail. Please list
your corrections quoting line number. If, for any reason, this is not possible, then mark the
corrections and any other comments (including replies to the Query Form) on a printout of
your proof and return by fax, or scan the pages and e-mail, or by post. Please use this proof
only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered
at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. It is important to ensure that all corrections are sent
back to us in one communication: please check carefully before replying, as inclusion of any

subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author, at no cost, will be provided with 25 free paper offprints, or,
alternatively, a personalized link providing 50 days free access to the final published version
of the article on ScienceDirect. This link can also be used for sharing via email and social
networks. For an extra charge, more paper offprints can be ordered via the offprint order form

which is sent once the article is accepted for publication.
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Both corresponding and co-authors may order offprints at any time via Elsevier's WebShop
(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies of
multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate
multiple articles within a single cover

(http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES
You can track your submitted article at http://www.elsevier.com/track-submission. You can
track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to

contact Customer Support via http://support.elsevier.com.
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