FLUENDO CRESCIT
¢ O

UNIVERSIDADE FEDERAL DE SERGIPE
CENTRO DE CIENCIAS BIOLOGICAS E DA SAUDE
DEPARTAMENTO DE MEDICINA

Avaliacao das proteinas envolvidas nas etapas iniciais da via de sinalizacdo da
insulina em musculo masseter de animais tratados com dexametasona

Igor Rabelo de Franca

Aracaju/SE
2017



FLUENDO CRESCIT
¢ ©

UNIVERSIDADE FEDERAL DE SERGIPE
CENTRO DE CIENCIAS BIOLOGICAS E DA SAUDE
DEPARTAMENTO DE MEDICINA

Avaliacao das proteinas envolvidas nas etapas iniciais da via de sinalizacéo da
insulina em musculo masseter de animais tratados com dexametasona

Trabalho de Conclusdo de Curso apresentado ao
Departamento de Medicina como requisito parcial
para a obtencdo do titulo de graduagéo no curso de
Medicina pela Universidade Federal de Sergipe.

Aluno: Igor Rabelo de Franca

Orientador: Prof. Dr. Anderson Carlos Marcal

Aracaju/SE
2017



Igor Rabelo de Franca

Avaliacao das proteinas envolvidas nas etapas iniciais da via de sinalizacéo da
insulina em musculo masseter de animais tratados com dexametasona

Trabalho de Conclusdo de Curso apresentado ao
Departamento de Medicina como requisito parcial
para a obtencdo do titulo de graduacdo no curso de
Medicina pela Universidade Federal de Sergipe.

Autor: Igor Rabelo de Franca

Orientador: Prof. Dr. Anderson Carlos Margal



Avaliacao das proteinas envolvidas nas etapas iniciais da via de sinalizacdo da
insulina em musculo masseter de animais tratados com dexametasona

Trabalho de Conclusdo de Curso apresentado ao
Departamento de Medicina como requisito parcial
para a obtencdo do titulo de graduagdo no curso de
Medicina pela Universidade Federal de Sergipe.

Aprovada em: de de

BANCA EXAMINADORA

Universidade Federal de Sergipe

Universidade Federal de Sergipe

Universidade Federal de Sergipe



AGRADECIMENTOS

Agradeco a Deus por ter me guiado durante esses seis anos de curso de Medicina e por ter

colocado amigos, pacientes e mestres tdo importantes nesta caminhada.

Aos meus pais e meu irmao por me incentivarem em todos os momentos, principalmente,

compreendendo minha auséncia em reunides de familia e celebragdes.

Ao meu orientador, Prof. Dr. Anderson Carlos Marcal, que acreditou no meu potencial desde
0 3° periodo e me deu a oportunidade de conhecer a rotina dos laboratorios de pesquisas
experimentais e evoluir no conhecimento e técnicas modernas de biologia molecular utilizadas
em grandes centros de pesquisas, inclusive como aprendiz no Departamento de Fisiologia e

Biofisica da USP em Sao Paulo.

A mestre e odont6loga, Ma. Daniela Meneses Santos, por ter compartilhnado bons momentos

de risadas, estudos no laboratdrio e confeccéo desse artigo.

A todos do Nucleo de Pesquisa em Sinalizagéo Intracelular — NUPESIN que de alguma forma
contribuiram para a troca de aprendizado, cooperacao e trabalho em equipe.

Meu muito obrigado!



"A menos que modifiqguemos a nossa maneira

de pensar, ndo seremos capazes de resolver os problemas
causados pela forma como nos acostumamos a ver o mundo."
(Albert Einstein)



RESUMO

A resisténcia a insulina (InsR) é causada por altera¢cdes moleculares na quantidade e/ou no grau
de fosforilagdo de proteinas a jusante a sinalizacdo das vias do receptor para insulina/receptor
do fator de crescimento semelhante a insulina (IR/IGF1R) observados no musculo esquelético,
figado e tecido adiposo. Todavia, existem poucos estudos na via intracelular da insulina no
musculo masseter em condi¢Bes metabolicas alteradas como a obesidade e o diabetes. Esse
estudo objetiva analisar a sinalizagdo IR/IGF1R no musculo masseter de ratos tratados com
dexametasona (glicocorticoide que em altas concentracdes induz manifestacdes de InsR). Ratos
Wistar machos foram divididos em 2 grupos: Controle — injecdo intraperitonial de solucédo
salina 0,9%; e Dexametasona — inje¢éo intraperitoneal de solucéo de dexametasona na razéo de
1mg/kg de peso corporal de animal por 10 dias consecutivos. Fragmentos do mudsculo masseter
foram retirados nos tempos zero e apods infusdo de insulina regular na veia porta para
quantificacdo do peso corporal e peso do musculo masseter e das proteinas IR, PI3K, IRS1,
AKT e ERK1. A administracdo de dexametasona foi capaz de reduzir o peso corporal sem
alterar o peso do musculo masseter e a expressao proteica do IR e da PI13K totais, permanecendo
inalteradas as quantidades totais de IRS1, AKT e ERK1, quando comparado ao grupo controle.
O grau de fosforilacdo/atividade do IRS1 ap6s estimulo com insulina foi aumentado apenas no
grupo controle, enquanto que no grupo tratado, foi ausente. A AKT obteve um aumento do grau
de fosforilagcdo em ambos 0s grupos, porém, no grupo tratado com dexametasona esse aumento
foi atenuado. Podemos sugerir que musculo masseter parece possuir grau de

fosforilacdo/atividade distintas de outros territdrios musculares.

Palavras-chave: muasculo masseter; dexametasona; receptor de insulina.



ABSTRACT

Insulin resistance is partly caused by molecular changes in the level and/or degree of
phosphorylation of proteins located downstream of the insulin receptor/insulin-like growth
factor receptor (IR/IGF1R) signaling pathway that occurs in the skeletal muscle, liver, and
adipose tissue. However, few studies have investigated the intracellular insulin pathway in the
masseter muscle under altered metabolic conditions such as obesity and diabetes. Therefore,
this study aimed to analyze the IR/IGF1R signaling pathway in the masseter muscle of rats
treated with dexamethasone (a glucocorticoid that induces manifestations of insulin resistance
at high concentrations). Male Wistar rats were divided into two groups: control group,
intraperitoneally injected with 0.9% NaCl (saline solution), and dexamethasone group,
intraperitoneally injected with a dexamethasone solution (1 mg/kg body weight) for 10
consecutive days. Sections of the masseter muscle were removed at time zero and after the
infusion of regular insulin into the portal vein. The administration of dexamethasone induced
body weight loss without changing the masseter muscle weight. In addition, it reduced the
expression of total IR and PI3K proteins, with the total levels of IRS1, AKT, and ERK1
remaining unchanged compared with the levels in the control group. The degree of
phosphorylation/activity of IRS1 after insulin stimulus increased in the control group but not in
the dexamethasone group. The degree of phosphorylation of AKT increased in both groups, but
this increase was attenuated in the dexamethasone group. We suggest that the degree of

phosphorylation/activity in the masseter muscle is different from that in other muscle territories.

Keywords: masseter muscle; dexamethasone; insulin receptor
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I-REVISAO DE LITERATURA

1.1 Insulina

A insulina ¢ um hormoénio anabolico com ampla agdo metabolica envolvido na
regulacdo da glicose e, consequentemente, dos carboidratos, lipidios e proteinas. Sua sintese,
armazenamento e secrecdo da-se no pancreas, mas especificamente pelas células beta-
pancreaticas nas ilhotas de Langerhans (HOJLUND, 2014). A liberacao de insulina ¢ feita de
forma pulsatil, bifasica e dose-dependente dos niveis de glicose, sendo um pico precoce e rapido
acontecendo cinco a seis minutos apoés estimulacdo (fase da insulina pré sintetizada e
armazenada) e outro mais prolongado e gradual levando cerca de 60 minutos para ser realizado
(fase da insulina recém-sintetizada) (KOMATSU et al., 2013). Essa secre¢do ¢ influenciada por
diversos fatores agonistas e antagonistas combinados os quais mantém os niveis de glicose
circulante em um intervalo fisiologico aceitavel. Por essa razdo, a glicose se mostra como o
principal fator estimulador e de amplificagdo da ativacdo das células beta-pancreaticas e da
liberagao de insulina. Outros mecanismos também influenciam nessa ativagao/liberagao como
fatores nutricionais (aminoacidos, acidos graxos livres, cetonas), hormonais (peptidio
semelhante ao glucagon 1, glucagon, gastrina, secretina, peptideo vasoativo intestinal) e
neurologicos (acetilcolina e noradrenalina), sendo um sistema complexo, dindmico e repleto de
interacdes, inclusive ambientais (KOMATSU et al., 2013; MARCHETTI et al., 2017).

O receptor para insulina (IR) é composto de duas subunidades a e B que agem de
maneira alostérica permitindo a inibicdo da subunidade B pela subunidade a. O IR apresenta
uma concentragdo elevada principalmente na musculatura esquelética, figado e tecido adiposo.
Dessa forma, promove a captagao de glicose no musculo esquelético e tecido adiposo, além de
estimular a sintese de glicogénio pelo musculo esquelético e de suprimir a gliconeogénese
hepatica e a lipolise nos adipocitos. (CAMPOREZ et al., 2013). A insulina exerce sua fungdo
através de uma rede proteica iniciada a partir da sua interagdo com o IR de tirosina cinases
transmembrana na célula. Estes eventos cursam com a desinibi¢ao da subunidade B que ¢ capaz
de se transfosforilar e ativar proteinas a jusantes da via de sinalizacdo do receptor para
insulina/fator de crescimento semelhante a insulina (IR/IGF1) destacando-se os substratos de
receptores para insulina (IRS). Esses substratos sao fosforilados em residuos de tirosina e atuam
em diversas vias metabodlicas para mediar suas agdes biologicas, principalmente as vias que
regulam o metabolismo intermediério e a que desempenham um papel no controle de processos
de crescimento e mitoses. (DEFRONZO et al., 2015; ZHOU et al., 2017).
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Os IRSs apresentam fungdes distintas, porém, podem ter respostas compensatorias
entre si. As isoformas do substrato 1 (IRS1) e do substrato 2 (IRS2) parecem possuir agdo
central no balango glicémico corporal. O IRS1 esta envolvido nas agdes principais da insulina
no musculo esquelético: captacdo de glicose e armazenamento de glicogénio. Em relacao ao
IRS2, por predominar no figado, é responsavel pelas agdes periféricas nesse tecido e, nas ilhotas
pancreaticas, estd envolvido na proliferagdo de células beta pancreaticas. Essas observagdes
foram possiveis devido a experimentos que envolvem a delecao total (knockout) do IRS1 em
ratos exibiram retardo no crescimento, resisténcia a insulina, porém sem diabetes
(hiperglicemia) e aqueles knockout do IRS2 que manifestaram deficiéncia a insulina para
diabetes e hipoplasia das células pancreaticas. Os outros substratos apresentam efeitos menos
importantes nessa via (PREVIS et al., 2000; THIRONE et al., 2006).

A partir da fosforilagdo do IRS1 e do IRS2 ocorre a ativacdo de diversas cinases
subsequente, dentre elas, a fosfatidilinositol-3-cinase (PI3K). Existem duas subunidades
diferentes na PI3K: uma catalitica (p110) e outra regulatoria (p85). A ligagdo dos IRSs na
subunidade p85 dissocia-se da subunidade p110 promovendo a cataliza¢ao de fosfatidilinositol-
4,5-bifosfato em fosfatidilinositol-3,4,5-trifosfato (PIP3), como consequéncia (HOJLUND,
2014; ZHOU et al., 2017), a proteina-cinase B (PKB ou Akt), uma serina/treonina ¢ ativada.
Esta molécula, que possui trés isoformas (Aktl, Akt2, Akt3), ¢ translocada para membrana
plasmatica quando ¢ fosforilado seus residuos de serina 473 e treonina 308, exercendo
importante papel no transporte de glicose-dependente de insulina, sintese de proteinas, lipidios
e glicogénio, controle da gliconeogénese e diferenciacao celular (CAMPOREZ et al., 2013;
ZHOU et al., 2017).

A captacdo de glicose na célula ¢ realizada por difusdo facilitada com ajuda de
proteinas transportadoras devido a impermeabilidade da membrana plasmatica a glicose. A
familia de transportadores de glicose (GLUT) ¢ composta por vdrias isoformas e cada uma
apresenta distribuicao diferente nos diversos tecidos. No musculo esquelético e no tecido
adiposo, predomina o subtipo 4 (GLUT4), responsavel pela captagdo de glicose estimulada pela
insulina (KHAN; PESSIN, 2002; ESTEVES et al.,, 2017). O GLUT4, em baixas concentra¢des
de insulina, predomina a sua localizacdo no espaco intracelular (mais de 90%) dentro de
vesiculas de armazenamento. Apos estimulagdo com insulina, uma das vias de sinalizagdo da
insulina (IR/IRS/PI3K/Akt) transloca o GLUT4 das vesiculas de armazenamento para a
membrana celular para exercer sua fungdo (BOGAN, 2012; ESTEVES et al., 2017). Em estudos

knockout GLUT4 realizados com ratos induziu reducdo na captacdo de glicose,
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hiperinsulinemina e resisténcia periférica a insulina (RI), comprovando o papel indispensavel
dessa proteina no metabolismo da glicose (ZISMAN et al., 2000; ABEL et al., 2001).

1.2 Resisténcia a insulina

A RI ¢ caracterizada como uma condicao clinica desenvolvida por uma resposta
diminuida a a¢do da insulina nos 6rgdos alvo por alteragdes nas vias de captagao da glicose, o
que resulta em altos niveis sanguineos desse carboidrato. De maneira compensatoria, sao
necessarias altas concentragdes de insulina, superiores ao normal, para manter a glicemia em
niveis fisioldgicos aceitdveis e sem comprometimento das fun¢des metabdlicas. Com o tempo,
a necessidade cada vez maior de insulina causando modificagdes em diversos compartimentos
da ultraestrutura intracelular alterando gradativamente o limiar de liberacdo de insulina, a perda
da funcionalidade celular e, por fim, a faléncia completa do pancreas (GUO, 2013;
DEFRONZO et al., 2015; MARCHETTI et al., 2017).

Alguns autores demonstraram que a liberagdo de insulina estimulada pela glicose em
pacientes com RI era menor, o que podem contribuir para a génese da RI (DEL GUERRA et
al., 2005). Na maioria dos casos, a RI é associada as manifestacdes em defeitos localizados
apos o receptor para insulina a nivel celular por modifica¢gdes moleculares na quantidade e/ou
no grau de fosforilagdo de proteinas envolvidas na cascata de sinalizagdo do IR/IGFI
interferindo em multiplos aspectos metabdlicos e diferentes aspectos da funcdo celular. Na
musculatura esquelética, diminuicdo da sinalizacdo do IR/IGF1, contribui para o estado
hiperglicémico constatado na RI. Entretanto, a real origem dessa desordem ainda continua
pouco esclarecida. As principais hipoteses envolvidas incluem: regulagdo negativa, deficiéncia
ou polimorfismo genético da fosforilagdo da tirosina do IR, IRSs ou PI3K, ou envolvendo
anormalidades na funcao da proteina transportadora de glicose quatro (GLUT 4) (SAINI, 2010;
GUO, 2013; DEFRONZO et al., 2015).

A RI apresenta uma forte correlacdo com a fisiopatologia de diversas doengas que
desde 1980 vem sendo caracterizada como sindrome metabdlica (SM) ou sindrome da
resisténcia a insulina ou sindrome “X” (GUO, 2013). A Organizacdo Mundial da Saiude (OMS)
preconiza como critério central para avaliagdo do individuo portador de SM o desenvolvimento
da RIl. A SM é definida como um conjunto variavel de fatores de riscos metabdlicos e fatores
inerentes ao individuo correlacionados que contribuem diretamente para a morbi-mortalidade
da populagcdo (GRUNDY, 2005). O significado da SM surge a partir das transformacdes que
essa sindrome prediz em varias doengas futuras como o Diabetes Mellitus tipo 2 (DM2),
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hipertensdo arterial sisttmica (HAS), dislipidemia, hipertrigliceridemia e obesidade. Além
disso, vérias outras condi¢fes sdo citadas com forte associagdo com a SM como sindrome do
ovario policistico, estados pro-inflamatorios, estados pro-tromboéticos, doenga hepatica
gordurosa nao alcodlica, microalbumintria, hiperuricemia, acanthosis nigricans ¢ disfungdo
endotelial sendo necessarias investigacGes diagndsticas no paciente que desenvolve essa
sindrome mesmo ndo fazendo parte dos critérios classicos (GRUNDY, 2005; MBATA et al.,
2017).

Existem diversos critérios clinicos e laboratoriais utilizados para a definicdo da SM.
Contudo, o mais amplamente utilizado e também aceito pela | Diretriz Brasileira para Sindrome
Metabdlica (I-DBSM) pela sua facilidade e aplicabilidade clinica é a definicdo da National
Cholesterol Education Program’s Adult Treatment Panel 111 (NCEP-ATP I111) que engloba os
itens da tabela abaixo (Tabela 1), sendo necessarios pelo menos trés dos critérios para

confirmagéo:

Tabela 1
Tabela 1: Critério diagnostico da SM, segundo a NCEP-ATP 111
Presenca de pelo menos trés dos fatores de risco seguinte:

Glicemia em jejum > 100 mg/dL

Triglicerides > 150 mg/dL

HDL-colesterol Homem < 40 mg/dL
Mulher < 50mg/dL

Obesidade central CA Homem > 102 cm
CA Mulher > 88 cm

Hipertensao Pressdo sistolica> 130 mmHg ou

Pressdo diastolica > 85 mmHg

Fonte: Adpatado da NCEP-ATP Il

*CA - Circunferéncia abdominal

Nesse contexto, a mudanca no perfil metabdlico da populagdo mundial somado a
condi¢des genéticas predisponentes assumem um papel central na génese dessas alteragcdes. A
exposicao a diversos fatores obesogénicos presentes no estilo de vida atual dentre eles o
sedentarismo, a facilidade no acesso a alimentos gordurosos e hipercaloricos e a baixa ingesta

de fibras aumentam a incidéncia e a prevaléncia de pessoas com sobrepeso ou obesas e suas
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consequéncias (KELLY et al., 2008; HOUMARD et al., 2012; CAPEHORN et al., 2016). Em
estudo realizado por Pan et al. (2015) relacionou um maior risco de desenvolver RI na
populagdo idosas, obesas e sedentarias e que os indices de adiposidades (indice de massa
corporea — IMC, circunferéncia abdominal, relagdo cintura-altura e relagdo cintura-quadril)
foram relacionados com o RI independente do género da populacdo analisada. Esse quadro pode
contribuir para o desenvolvimento do diabetes.

O paciente pré-diabético e/ou com DM2 também foi demonstrado relevancia dentro
da SM pela sua associagdo com a RI e com a obesidade e por ser a endocrinopatia mais comum
nesses individuos, sendo considerado um dos grandes desafios da satide do século (GUH et al.,
2009; SAINI, 2010; GLAUBER, 2013; SANDOUK; LANSANG, 2017). Apesar de ter ocorrido
um melhor controle glicémico pela populacdo entre os anos 2007-2010, quando comparado
com aqueles em 1999-2002, ainda existe em torno de 33-44% de pacientes que ndo atingiram
a meta aceitavel (glicemia de jejum < 100 mg/dL) fazendo com que essa comorbidade, junto
com outras trés doencas crénicas ndo transmissiveis constassem na Declaracdo Politica sobre
Prevencdo e Controle das Doencas Ndao-Transmissiveis de 2011 com objetivos gerais de
prevencdo e controle para serem alcancgados até 2025 (OMS, 2016; DIABETES CARE, 2017).

No DM2 estdo envolvidas alteragdes progressivas na acdo da insulina ou RI, reducéo
na secrecdo do hormodnio pelo pancreas ou um defeito em ambos os processos. Na fase
assintomatica da doenca, a Rl e a disfuncdo pancreéticas ja estdo presentes assim como um
estado inflamatdrio e pro-trombotico que expdem a vasculatura a um ambiente aterotrombético
0 que aumenta o risco de complicacdes agudas e crénicas macro e microvasculares destacando
as crises hiperglicémicas (cetoacidose diabética e estado hiperglicémico hiperosmolar),
hipoglicemia (tratamentos inadequados), retinopatia diabética, doenca renal do diabetes,
neuropatia diabética e pé diabético (SAINI, 2010; MERCURIO et al, 2012; GUO, 2013
DEFRONZO et al., 2015).

1.3 Glicocorticéide

Os glicocorticoides (GC) sdao uma classe de hormonios esteroides lipossoluveis
secretados pela regido cortical das glandulas suprarrenais (também chamada de adrenal), mais
precisamente, na zona fasciculada (em maior quantidade) e na zona reticulada (em menor
guantidade) capaz de atravessar a membrana devido a sua estrutura hidrofobica e interagir nos
receptores especificos no citoplasma, exercendo atividades no metabolismo energético e dos
lipidios e na resposta adaptativa a situacdes de estresse (STREHL; BUTTGEREIT, 2013). No
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corpo humano, séo representados pelo cortisol e pela corticosterona que sédo formados, assim
como os outros hormonios esteroides, a partir do colesterol, principalmente, sob a forma de
lipoproteina de baixa densidade (LDL-colesterol) proveniente da circulacdo (STREHL;
BUTTGEREIT, 2013). Os GC séo secretados a partir da ativacdo do eixo hipotalamo-hipofise-
adrenal pelo horménio adrenocorticotréfico (ACTH). O controle desse eixo € realizado por
mecanismos de feedback positivos, quando a dosagem desses horménios estd baixa, e
negativos, quando os niveis na circulacdo desses hormonios estdo elevados provendo uma
resposta apropriada em face aos mais diversos estimulos (NICOLAIDES et al., 2014). Em
resumo, o hipotalamo ¢é estimulado a liberar o fator liberador da corticotropina (CRF) que, por
sua vez, resulta na sintese e secrecdo do ACTH pelo lobo anterior da hipofise que age no cortex
da adrenal produzindo o GC (NICOLAIDES et al., 2014; KOCH et al., 2017).

A liberacdo dos GCs é feita de forma pulsatil em intervalos aproximados de uma hora
com amplitudes que variam durante o dia no qual atinge seu pico maximo sanguineo as nove
horas da manhd e alcanca suas concentracdes mais baixas a meia-noite obedecendo o sistema
circadiano influenciando, também, outros tecidos periféricos (KOCH et al., 2017. Seus efeitos
pleiotrépicos sdo mediados pelos receptores pertencentes a superfamilia de receptores nucleares
de glicocorticoide (receptores humanos de mineralocorticoide e glicocorticoide) com padrdes

de expressao ampla em quase todo o corpo (NICOLAIDES et al., 2014).

Dentre as diversas funcbes desse esteroide podemos citar a influéncia nos
transcriptomas de leucécitos humanos, a regulacdo do metabolismo oxidativo no figado,
musculo e tecido adiposo, coordenacdo dos niveis pressoricos e tdnus muscular no sistema
cardiovascular, influenciam em numerosas funcbes no sistema nervoso central e,
principalmente, esta envolvido em varios componentes que regulam a quantidade e a qualidade
das respostas imunolégicas/inflamatérias (NICOLAIDES et al.,, 2014; VAN RAALTE;
DIAMANT, 2014). Por essa razdo, desde a década de 1940, os GCs sintéticos vem sendo
utilizados amplamente na pratica clinica diaria como potente anti-inflamatorio e
imunossupressor dose dependente em diversas condi¢des inflamatorias: doencas reumaticas
(artrite  reumatoide), doencas renais (vasculites/glomerulonefrites), doencas onco-
hematoldgicas (linfoma, mieloma multiplo), doencas infecciosas (meningites), doencas
pulmonares (doenca pulmonar obstrutiva cronica), gastroenterologia (hepatites autoimunes),
medicina emergencista (reacOes alérgicas). Entretanto, a manutencdo da terapéutica € limitada

em virtude dos efeitos adversos que essa droga pode ocasionar diferindo de acordo com o tempo
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de tratamento e a dosagem utilizada (STREHL; BUTTGEREIT, 2013; VAN RAALTE;
DIAMANT, 2014; VAN DER GOES et al., 2016).

O excesso de GCs endogeno causado pelo hipercortisolismo ou exdgeno por
administracdo de farmacos pode levar a uma série de patologias que envolvem osteoporose por
aumento na reabsorc¢do e reducao da formacao dssea, glaucoma, retencéo de liquidos, aumento
da susceptibilidade a infecBes por imunossuprimir o paciente, Ulceras géstricas, doencas
psiquiatricas, atrofia e desgaste de pele e de musculo pelo comprometimento nas vias de
sinalizacdo de sintese e degradacdo proteica, aumento da taxa de lipdlise, aumento da gordura
localizada, diminuicdo na captacdo de glicose. Além disso, 0 uso crénico é capaz de contribuir
para quadro semelhante a sindrome de Cushing e para o desenvolvimento de RI e suas
consequéncias (DM2, obesidade central, HAS, dislipidemia, esteatose hepética, etc) (VAN
RAALTE; DIAMANT, 2014; HANSEN et al., 2014; VAN DER GOES et al., 2016).

Os GCs sdo o grupo de drogas mais associados a efeitos diabetogénicos, ele pode
induzir hiperglicemia em pacientes sem histdrico prévio de diabetes mellitus ou agravar o
controle glicémico em pacientes diabéticos. Além do tempo e da dose utilizada, a idade
avancada, historico familiar de diabetes, IMC elevados atuam como fatores de risco para essa
condigdo (SUH; PARK, 2017). Apesar das informacdes acerca da prevaléncia e da incidéncia
da hiperglicemia induzida por GCs serem limitadas, sabe-se que o diagndstico e o tratamento
sdo bastante subestimados pelos profissionais de salude pela falta de um critério de diagnostico
definido e de linhas de orientacdo. Todavia, preconiza-se, de forma semelhante ao DM2, o
rastreio precoce em todos 0s pacientes tratados com doses médias/altas de GC, modificacdes
dos fatores de risco e, quando necessario, uso de hipoglicemiantes orais e insulina exdgena
(BRADY et al., 2014; PAREDES; ALVES, 2016; SUH; PARK, 2017).

A regulacdo metabdlica é também alterada pela acdo do GCs e da RI nos tecidos
periféricos (figado, masculo e tecido adiposo). Em estudos experimentais, a dexametasona, um
potente analogo sintético com 25 a 30 vezes mais forte que o cortisol, € uma das drogas mais
utilizadas para induzir um quadro de resisténcia a acdo da insulina em ratos (PASIEKA,;
RAFACHO, 2016). Em outro estudo proposto por Barel et al. (2009), realizou-se tratamento
com dexametasona 1mg/kg de peso corporal em modelo experimental com roedores, esse
esteroide sintético foi capaz de induzir reducéo do peso corporal, bem como atrofia muscular e

RI na musculatura esquelética.
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1.4 Musculo Masseter

O masculo masseter € um dos quatro musculos da mastigacao junto com os musculos
temporal, pterigoide lateral e pterigoide medial (FEHRENBAH; HERRING, 2005). Ele exerce
funcdo na mastigacao, na salivacdo e na fala por revestir praticamente todo o ramo da mandibula
inserindo-se no processo maxilar do 0sso zigomatico na porgéo superficial-superior estendendo
posteriormente até a porcdo medial do arco zigomatico. Sua localizacdo da-se nas porgoes
laterais da face e é composta por trés diferentes camadas de fibras: superficial, intermediaria e
profunda. Essa distribuicdo configura ao musculo uma vasta gama de movimentos sobre a
articulacdo temporomandibular além de permitir uma interacao com diversos musculos da face,
inclusive com musculos da lingua (WIDMER; ENGLISH; MORRIS-WIMAN, 2007).

A complexa inter-relacdo dos musculos da mastigacao e dos 0ssos da face é observada
em alguns experimentos. Em estudos realizados com a remocéo e/ou a desnervagdo do musculo
masseter de ratos (CARTER; HARKNESS, 1995; RODRIGUES et al., 2009; MAYNE et al.,
2015) promovem alteracdes no esqueleto facial levando a perda de massa no musculo,
hipertrofia do musculo temporal ipsilateral (processo compensatério) e diminui¢do do angulo e
da incisura mandibular. Assim como todos os musculos da mastigacdo, 0 masseter possuli
grande importancia para o desenvolvimento dos acidentes 0sseos através de forcas
biomecanicas diretas (nos pontos de insercéo) e indiretas (nos pontos de ocluséo). Foi verificado
que a fratura de um dos arcos zigomaticos, principal local de insercdo superior do masseter,
gera deformidades na face de roedores. Além disso, constata-se relacdo entre perda de
funcionalidade de um desses musculos e hipotrofia das estruturas dsseas da face (PROCOPIO
et al., 2002).

Em outros estudos, as fibras do masculo masseter sdo influenciadas pelo dimorfismo
sexual. Em machos, as fibras do musculo masseter estimuladas por respostas hormonais
intracelulares decorrentes da acdo da testosterona causam uma transformacdo fenotipica de
parte de suas fibras lentas em fibras rapidas. Nao se sabe ao certo o significado funcional dessa
alteracdo, porém, foi sugerido que a predominéncia de fibras rapidas nesse musculo deva-se a
um possivel aumento na geracdo de forca durante a mastigacdo (WIDMER; ENGLISH,;
MORRIS-WIMAN, 2007). Em um experimento (ABE et al., 2008) relacionando a funcéo dos
musculos da mastigacdo e as propriedades de suas fibras evidenciou que o masculo temporal
apresenta maiores niveis de contracdo e maior forca, seguido pelo musculo masseter o qual
apresentava predominancia de fibras rapidas como citado anteriormente. Os musculos

pterigoides, por sua vez, apresentaram menores forcas mecanicas. Foram constatadas
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semelhancgas entre humanos e ratos durante a mastigagdo uma vez, ambos possuem maiores
forcas nos musculos temporal e masseter e que 0s pterigoides servem para ajustar a funcdo da
mandibula (ABE et al., 2008).

Analise da via de sinalizacdo da insulina no musculo masseter ¢ escassa, essa
musculatura esquelética amplamente recrutada durante o processo mastigatorio e fala. Além
desta evidéncia, existem poucos estudos correlacionando o tratamento com GCs sintéticos e sua

a¢ao sobre o musculo masseter ¢ sua interagao com o IR/IGF1.
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Abstract

Insulin resistance is partly caused by molecular changes in the level and/or degree of
phosphorylation of proteins located downstream of the insulin receptor/insulin-like growth
factor receptor (IR/IGF1R) signaling pathway that occurs in the skeletal muscle, liver, and
adipose tissue. However, few studies have investigated the intracellular insulin pathway in the
masseter muscle under altered metabolic conditions such as obesity and diabetes. Therefore,
this study aimed to analyze the IR/IGF1R signaling pathway in the masseter muscle of rats
treated with dexamethasone (a glucocorticoid that induces manifestations of insulin resistance
at high concentrations). Male Wistar rats were divided into two groups: control group,
intraperitoneally injected with 0.9% NaCl (saline solution), and dexamethasone group,
intraperitoneally injected with a dexamethasone solution (1 mg/kg body weight) for 10
consecutive days. Sections of the masseter muscle were removed at time zero and after the
infusion of regular insulin into the portal vein. The administration of dexamethasone induced
body weight loss without changing the masseter muscle weight. In addition, it reduced the
expression of total IR and PI3K proteins, with the total levels of IRS1, AKT, and ERK1
remaining unchanged compared with the levels in the control group. The degree of
phosphorylation/activity of IRS1 after insulin stimulus increased in the control group but not in
the dexamethasone group. The degree of phosphorylation of AKT increased in both groups, but
this increase was attenuated in the dexamethasone group. We suggest that the degree of

phosphorylation/activity in the masseter muscle is different from that in other muscle territories.

Keywords: masseter muscle; dexamethasone; insulin receptor
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1. Introduction

Changes in lifestyle in recent decades have altered the metabolic profile of the world’s
population (Kelly et al. 2008; Sandouk and Lansang 2017). The increase in the number of
overweight or obese individuals as a result of excessive consumption of hypercaloric foods,
sedentarism, and low intake of fibers has contributed to the morbimortality of populations, with
an increased prevalence of diabetes mellitus type 2, high blood pressure, dyslipidemia,
peripheral resistance to insulin (InsR), and other disorders that characterize metabolic syndrome
(Branddon et al. 1986; Kelly et al. 2008; Guh et al. 2009; Capehorn et al. 2016).

Among these metabolic changes, InsR is a clinical condition characterized by a
decreased response to the action of insulin in target organs, which results in high serum levels
of glucose associated with compensatory hyperinsulinemia through an increase in the number
of beta-pancreatic cells (DeFronzo and Ferrannini 1991; Rafacho et al. 2010; DeFronzo et al.
2015; Kim et al. 2016).

InsR in peripheral tissues (adipose tissue, liver, and skeletal muscle) is partly caused by
molecular adjustments in the level and/or degree of phosphorylation of proteins involved in the
intracellular insulin receptor/insulin-like growth factor receptor (IR/IGF1R) signaling pathway
(Velloso et al. 1995; Saltiel and Kahn 2001; Kahn and Pessin 2002; Kulkarni 2002; Houmard
et al. 2012; Zhou et al. 2017).

Proteins located downstream of the IR/IGF1 signaling pathway can be phosphorylated
at tyrosine residues of IR substrates (IRSs), mainly IRS1 and IRS2. IRS1 is involved in the
stimulation of glucose uptake and glycogen storage in the skeletal muscle, whereas IRS2 acts
on the metabolism of the skeletal muscle, adipose tissue, and liver (Previs et al. 2000; Thirone
et al. 2006). The phosphorylation of these substrates leads to the activation of several kinases,
namely phosphatidylinositol 3-kinase (PI3K), which causes the activation of protein kinase B
(PKB or AKT) through phosphorylation at serine residues. AKT has several roles: glucose
transportation, glycogen synthesis, protein synthesis, lipogenesis, and liver gluconeogenesis
inhibition (DeFronzo et al. 2015; Zhou et al. 2017).

Dexamethasone, which is a potent synthetic glucocorticoid with dose-dependent anti-
inflammatory and immunosuppressant activities, has been used to investigate intracellular
insulin signaling pathways during InsR (Rafacho et al. 2010; Gathercole et al. 2011; Strehl and
Buttgereit 2013). In addition to InsR, the adverse effects of its chronic use include dyslipidemia,

increased localized fat, and muscle deterioration, which are manifestations that are similar to
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those in Cushing’s syndrome (Christ-Crain et al. 2008; Van Raalte et al. 2009; Barel et al. 2009;
Umeki et al. 2015; Tsuchida et al. 2016).

Glucocorticoids can decrease the expression of IRS1, PI3K, and PKB, causing the
migration of a reduced amount of GLUT4 (characteristically found in the skeletal muscle)
toward the membrane, thus decreasing glucose uptake and glycogen synthesis (Ruzzin et al.
2005; Gholap and Kar 2005; Zhou et al. 2017).

Among the tissues that respond to insulin, the skeletal muscle accounts for
approximately 75% of glucose uptake as it is the largest muscle in the human body (Houmard
et al. 2012). Various skeletal muscle territories, such as the tibialis anterior, extensor digitorum
longus (Barel et al. 2009), soleus, epitrochleoanconeus (Anhe et al. 2007; Burén et al. 2008),
and gastrocnemius (Okamoto et al. 2011) muscles, have been used as experimental models to
assess the intracellular insulin signaling pathway under different metabolic conditions
(DeFronzo and Tripathy 2009). However, this pathway has not yet been fully understood in the
masseter muscle. Therefore, the present study aimed to analyze IR/IGF1/IRS1/AKT/PI3K in
the masseter muscle under normal conditions and in the presence of InsR induced by

dexamethasone.

2. Materials and methods

Animal Model

Animal procedures were conducted according to the guidelines of the Ethics Committee
on Animal Research of the Federal University of Sergipe. The study was approved by the Ethics
Committee on Animal Research of the Federal University of Sergipe under protocol (CEPA
54/2009). Male Wistar rats were used from the central animal house of the Federal University
of Sergipe, Sao Cristovéo, Sergipe, Brazil, and they weighed between 250 and 300 g. The rats
were kept in a controlled environment (temperature of 23 £ 2°C and light/dark cycle of 12-h
light period between 6:00 (zeitgeber time [ZTO0]) and 18:00 (zeitgeber time [ZT12]) and were
offered commercial feed for rodents (Racdo Labina, Sdo Paulo, SP) and water ad libitum. 16
rats were randomly divided into two groups: control group (CON group), intraperitoneally
injected with 0.9% NaCl (saline solution), and dexamethasone group (DEX group),
intraperitoneally injected with 1 mg/kg body weight of dexamethasone (Decadron® Aché,
Guarulhos-SP), in both groups for 10 consecutive days during the ZT6 period (12:00). The body
weight of the rats was measured on a daily basis. On the 11" day, the rats were euthanized with
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the anesthetic sodium thiopental (Thiopentax®, Cristalia, Itapira-SP) (40 mg/kg body weight)
and their body weight and masseter muscle weight were measured for subsequent statistical

analyses.

Protein Quantification by Western Blotting

Sections of the right masseter muscle were isolated to establish time zero (basal
protein phosphorylation). Subsequently, 0.5 ml of saline solution containing 5 mmol/l of insulin
per kg of body weight was injected into the portal vein, and after 3 min, the sections of the left
masseter muscle were removed from all rat in both groups. The sections were macerated and
transferred to Eppendorf tubes and homogenized in buffer solutions (Tris: 100 mM pH 7.4;
EDTA: 10 mM; SDS 1%, Na2P207: 100 mM; NaF: 100 mM and Na>VOs: 10 mM). Extracts
were centrifuged at 12,000 rpm for 40 min at 4°C to remove the insoluble material. Protein
content in the supernatant was quantified using the Bradford protein assay (BioRad) and treated
with Laemmli buffer; 25-50 pg of total protein was separated by polyacrylamide gel
electrophoresis (SDS-PAGE 6.5% and 12% polyacrylamide) and transferred to 0.45-um
nitrocellulose membranes. The membranes were blocked for 1 h in 5% nonfat milk.
Subsequently, the samples were incubated overnight at 8°C with antibodies against IR, IRS1,
PI3K, AKT, pAKT (serine residue 473), and ERK1 diluted in a blocking buffer containing 3%
nonfat dry milk. They were then washed without milk for 30 min with the blocking buffer.
Lastly, the intensities of the bands were quantified by optical densitometry (Scion Image-
Release Beta 3b; NIH), and Ponceau S staining was performed to obtain a loading control. All
antibodies were purchased from Santa Cruz Biotechnology.

Statistical Analysis

All results are expressed as mean £ SEM. Two-way ANOVA followed by Bonferroni’s
post hoc test was used to compare the two groups. Student’s t-test was used whenever
necessary. The level of significance was set at p < 0.05. All statistics and graphs were analyzed
using Prism software for Windows, version 5.01 (GraphPad Software, San Diego, CA, USA).
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3. Results

Body weight gain and wet weight/dry weight ratio

The body weight of the animals at the start of the study was similar between the groups.
At the end of the final protocol (after 10 days of treatment), the animals in the DEX group
exhibited a body weight loss of 15.42% (p < 0.05), whereas the animals in the CON group
exhibited a body weight gain of 7.99% (p < 0.05) (Figure 1A). The wet and dry weights (g) of
the masseter muscle did not statistically differ between the groups (Figures 1B and 1C). The
ratio between the wet weight of the masseter muscle and body weight after treatment was
16.87% higher in the DEX group than in the CON group (Figure 1D).

Degree of expression of IR, IRS1, and PI3K and degree of phosphorylation/activity of
IRSs and AKT

The degree of expression of IR, IRS1, and PI3K obtained from sections of the masseter
muscle of the animals in the DEX group. The analysis of the intensity of bands in the
membranes by densitometry showed that the levels of IR (Figure 2A) and PI3K (Figure 2B) in
the masseter muscle were 56.85% and 30.73%, respectively, lower in the DEX group than in
the CON group (p < 0.05). The total level of IRS1 was similar between the groups (Figure 2C).
Figure 2D shows the degree of phosphorylation/activity of IRS1 obtained from sections of the
masseter muscle of animals in the DEX and CON groups at the start of the experiment [time
zero, (-)] and after insulin stimulus (+). After insulin stimulus, the degree of
phosphorylation/activity of tyrosine residues of IRS1 in the masseter muscle of the animals in
the CON group was 38.15% higher than that at time zero (—) (p < 0.05). However, in the DEX
group, there was no difference in the degree of phosphorylation before and after insulin stimulus
(Figure 2D). The total level of AKT in the masseter muscle (Figure 2E) was similar between
the groups. Figure 2F shows the degree of phosphorylation/activity of AKT (phosphorylated at
serine 473) obtained from sections of the masseter muscle of animals in the CON and DEX
groups at time zero (-) and after insulin stimulus (+). After insulin stimulus, the degree of
phosphorylation/activity of AKT from sections of the masseter muscle in the CON group was

513.18% higher than that at time zero (—) (p < 0.05). The DEX group also showed an increase
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in AKT phosphorylation compared with basal phosphorylation, but the magnitude of this

increase was attenuated after insulin stimulus (266.63%) (p < 0.05) (Figure 2F).
Degree of ERK1 expression

The expression of ERK1 obtained from sections of the masseter muscle of animals in
the DEX and control groups. The analysis of the intensity of bands in membranes by

densitometry indicated significant differences between the groups (Figure 3).

4. Discussion

In the present study, treatment with dexamethasone induced body weight loss, which is
in line with literature data associated with reduced food intake and glucocorticoid dose-
dependent weight (Jahng et al. 2008). Similar studies have demonstrated that treatment with
dexamethasone at 1 mg/kg body weight leads to body weight loss, muscular atrophy, and InsR
as shown in the anterior tibialis and extensor digitorum longus muscles (Barel et al. 2009).
However, the present study did not show any significant difference in the wet and dry weights
of the masseter muscle.

The ratio between masseter muscle weight and body weight was significantly higher in
the DEX group. Studies have shown that muscular atrophy caused by high doses and/or the
chronic use of dexamethasone is a consequence of a reduced rate of muscle protein synthesis
and an increased rate of muscle proteolysis, which is a result of the impairment of several
kinases of the insulin signaling pathway (Egerman and Glass 2013; Tsuchida et al. 2016).

Dexamethasone, which is a potent synthetic glucocorticoid analog of cortisol, was used
to induce InsR. It is widely used in the field of pharmacology for its dose-dependent anti-
inflammatory and immunosuppressive activities (Strehl and Buttgereit 2013; Pasieka and
Rafacho 2016). Moreover, its chronic use induces adverse effects in the body, such as skeletal
muscle myopathy (Barel et al. 2009; Umeki et al. 2015) and muscular weakness and
deterioration in patients with Cushing’s syndrome (Tsuchida et al. 2016).

Few studies in the literature have investigated the insulin signaling pathway in the
masseter muscle, which is a complex muscle that covers almost the entire side of the jaw and
is thus involved in mastication, salivation, and speech. In male rats, masseter muscle fibers
exhibit an intracellular response to the action of testosterone, which in turn promotes the

phenotypic transformation of part of the slow fibers into fast fibers (Widmer et al. 2007).
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According to these authors, the predominance of fast fibers in this muscle appears to be
associated with the increase in force generation during mastication.

In the present study, total IR expression was lower in the DEX group than in the CON
group, which may result in changes in the activity or degree of phosphorylation of intracellular
proteins located downstream of the IR/IGF1R signaling pathway. Gathercole et al. (2007)
reported that there was an increase in the degree of IRS-1 phosphorylation in primary cultures
of skeletal muscle myocytes incubated with dexamethasone for 48 h. Saad et al. (1993)
suggested that dexamethasone induces InsR in the skeletal muscle, with a decrease in the total
IRS1 content associated with an increase in the degree of phosphorylation in muscles of the
posterior limbs of rats. In the present study, there was no significant difference in total IRS1
content after treatment with dexamethasone.

There was an increase in the degree of phosphorylation/activity of IRS1 in the masseter
muscle of the control animals after insulin stimulus but not in the muscle of the animals treated
with dexamethasone. Our results differed from those obtained by Saad et al. (1993) who
investigated the leg’s hindlimb muscle. We do not exclude the hypothesis that proteins involved
in the IR/IGF1R signaling pathway have distinct levels and/or degrees of phosphorylation
because they exhibit tissue-specific responses. Burén et al. (2008) stated that the degree of
phosphorylation of proteins involved in the IR/IGF1R signaling pathway isolated from fast
muscle fibers is different from that of fibers in other muscle territories, such as the soleus
muscle.

The masseter muscle of the rats treated with dexamethasone had a lower total PI3K
level than that of the control rats. PI3K is involved in the metabolism of glucose stimulated by
insulin and acts on mitogenesis and cell differentiation (Saltiel and Kahn 2001; Glass 2010).
The phosphorylation of PI3K in turn increases the degree of phosphorylation of the serine
residues of PKB (also known as AKT). AKT is an important central component of the signaling
pathway and is involved in protein synthesis (via the activation of mammalian target of
rapamycin kinase and of the glycogen synthase kinase 33 pathway) (Schiaffino and Mammucari
2011; Egerman and Glass 2013) and in intracellular protein degradation (mediated by the
transcription of proteins belonging to the FoxO family) (L eger et al. 2006; Bacurau et al. 2016).

Although in the present study there was no significant change in the expression of total
AKT, there was an increase in the degree of AKT phosphorylation in the CON group after
insulin stimulus. The increase in the degree of phosphorylation was attenuated in the DEX
group after insulin stimulus. According to Umeki et al. (2015), treatment with dexamethasone

for two weeks promotes atrophy of the masseter muscle and these events are related to the
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downregulation of the AKT/mTOR pathway and upregulation of the proteolytic pathway
(MURF1 and ATROGIN). These effects are probably caused by the high glucocorticoid
concentration that was used (six times higher than that used in the present study).

Previs et al. (2000) reported the involvement of different isoforms of IRSs, e.g., IRS1
and IRS2, that when phosphorylated act differently on different organs and on body
development. They demonstrated that the deletion of IRS1 in the body causes delayed growth
and contributes to the development of InsR. The total deletion of IRS2 induces the development
of diabetes, beta-pancreatic cell dysfunction, and peripheral and hepatic InsR. A review
conducted by Thirone et al. (2006) on the ERK/MAPK pathway also showed that these
substrates have distinct actions on the skeletal muscle. IRS2 appears to act directly on the
AKT/ERK/p38MAPK-dependent mitogenic and metabolic pathways, whereas IRS1 is
implicated in events leading to the translocation of vesicles containing GLUT4 to the plasma
membrane and in glucose uptake. In the present study, the total level of ERK1 in the masseter
muscle was similar between the groups; as no atrophy of the masseter muscle was observed,
we suggest that the IRS2 pathway was unchanged.

In conclusion, treatment with dexamethasone promoted the reduction in the total amount
of IR and PI3K. The degrees of phosphorylation of IRS1 and AKT were altered without
implications for the total weight of the masseter muscle. These results indicate that the masseter
muscle, because it is composed of fast fibers, exhibits a degree of phosphorylation/activity that
is different from that of fibers in other muscle territories. In addition, the role of other pathways,
such as those mediated by IRS2/AKT/ERK/p38MAPK, in the preservation of this muscle
should not be ruled out.
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Figure legends:

Figure 1: Assessment of body weight and masseter muscle weight (wet weight and dry
weight) in the CON group (hollow bars; n = 10) and DEX group (solid bars; n = 10). 1A:
Analysis of body weight in the CON and DEX groups at the start of dexamethasone treatment
(time zero) and after 10 days of treatment. 1B: Analysis of wet weight (g) of the masseter
muscle in the CON and DEX groups after 10 days of treatment. 1C: Analysis of dry weight (g)
of the masseter muscle in the CON and DEX groups after 10 days of treatment. 1D: Ratio
between the wet weight of the masseter muscle and body weight in the CON and DEX groups.
Student’s t-test was used for the analysis between the groups (p < 0.05).

Figure 2: Samples containing 25-50 mg of solubilized proteins were subjected to SDS-
PAGE and immunoblotting using specific antibodies. A blot representative of the
experiments is shown. The status of phosphorylation and protein expression (percentage)
involved in intracellular insulin signaling in the masseter muscle of rats in the CON group
(hollow bars; n = 6) and DEX group (solid bars; n = 6) was determined by stoichiometry.
Analysis of the degree of expression of IR (2A), PI3K (2B), and IRS1 (2C) in the masseter
muscle in the CON and DEX groups. Analysis of the degree of IRS1 phosphorylation/activity
in the masseter muscle in the CON and DEX groups before [time zero, ()] and after the
infusion of insulin into the portal vein (+) (2D). Total amount of AKT protein in the masseter
muscle in the CON and DEX groups (2E). Analysis of the degree of phosphorylation/activity
(phosphorylation at serine 473) of AKT in the masseter muscle in the CON and DEX groups
before [time zero, (—)] and after the infusion of insulin into the portal vein (+) (2F). Student’s

t-test was used in the intergroup analysis (p < 0.05).

Figure 3: Analysis of the degree of ERK1 expression in the masseter muscle of animals in
the CON group (hollow bars; n =6) and DEX group (solid bars; n = 6). Student’s t-test was
used in the analysis between the groups (p < 0.05).
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Figura 2

IB: Pl:K

b A

12:1r [

IB: IRS;

1B: IRS4

* 4,
X - % _
?l.l
=
= " %,
— : ©
w = & =
- - = =
(lonuo2 jo %)
eaa) uoissaudxa Yoid
=
™ *®
2 %,
=I
o
g
= H [,
1 @.ﬂ._,u
= w5 w9
™ - - = =
(1043002 jo %)
|eas uoissaudxe M|
L]

n3

T38.15%

(ad)
ena) uoissaudxa gy

200

Insulin

H 4,
— L] L} .w
S &

- =
(10202 Jo o)
ena) uoissaudxa gy

1.5m

IB: pAKT w2

T266,63%

1513.18%

IB: AKTyzp

H

fﬁ._

I ) T T
m = = m =
a mw 2

L L9HISOHISOHIE __N_.—._uu.__.q.
10 [9A8] uoneoydsoyd

s

_I

Insulin

3 2 S E

{loduod jo o)
|ana) uoissaadxs TIT) wy



52

Figura 3

IB: ERK1

ns

150

S B3
S

(joauo9 jo 9,)
[oA8] uoissaadxa yy3



IV- ANEXOS

53

Anexo B: Carta de confirmacéo de submissdo

130Wz201T SchalarOne Manuscripts

Submission Confirmation

Thank you for your submission

Submitted to
doumal of Dental Research

Manuscript 1D
JOR.1 T 0953

Title
Insulin signaling patimwary in the masseier muscle of dexamethasonesreated rats

Authors

de Franga, igar
Santos, Danisla
Moreira, Gabriela
Lima, Fabia
Canalho, Carta
Margal, Anderson

Date Submittod
13Sep2017

Author Dashbaand

| All Rights Reserqsd.
ScholarOne Manuscripts and ScholarOne are regisiered frademarks of ScholarOne, Inc.
ScholarOne Manuscripts Patents and

= Frien



54

Anexo B: Protocolo do Comité de Etica em Pesquisa com Animais da Universidade
Federal de Sergipe (CEPA 54/2009

Fedgral.de Sergipe, em reunido realizada dia 22/04/2010.

Séo Cristévao, 23 de abril de 2010

o

+ D% Flavla j‘elxelra Silva
esidente do CEPA/UFS




