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RESUMO

Objetivos — A resisténcia a insulina esta associada com o aumento do teor
de gordura intramiocelular (GIMC) e com niveis séricos da adiponectina
(ADP) diminuidos. A ADP por sua vez esta envolvida na oxidagcdo de gordura
muscular. Entretanto, a relagcdo entre ambas continua controversa. O objetivo
deste estudo é explorar a relacdo entre a ADP e a GIMC em adultos nao
diabéticos, além de estudar o papel da rosiglitasona (RSG) sobre a

distribuicdo da gordura entre os compartimentos musculares.

Desenho do estudo — Este estudo compreende duas fases: uma fase
transversal (corte-transversal) e uma fase longitudinal, de intervencao

terapéutica com uma droga, num desenho aberto.

Local — Laboratorio de Pesquisas Clinicas e Experimentais em Biologia
Vascular (Biovasc) - UERJ.

Material e métodos — Na fase transversal, 24 pacientes obesos, nao
diabéticos, com sindrome metabdlica (SM) e 9 controles magros e saudaveis
foram estudados. Foi realizada a Espectroscopia de Prétons por
Ressonancia Nuclear Magnética (‘H-ERNM) para quantificar a gordura
extramiocelular (GEMC) e a GIMC. Estas, associadas a ADP e aos
parametros antropométricos e bioquimicos, foram avaliadas e comparadas
nos dois grupos. Durante a fase longitudinal, 15 destes pacientes foram re-
estudados, através da 'H-ERNM, apds o tratamento com RSG por 6 meses.
Da mesma forma, as variaveis antropométricas e metabdlicas foram

reavaliadas.

Resultados — Fase transversal: os pacientes com SM apresentaram maior
indice de massa corporal (IMC), cintura abdominal, relagdo cintura-quadril
(RCQ), e niveis de glicemia, insulina e triglicerideos e menores niveis de
HDL-c, quando comparados com o grupo controle. Da mesma forma o
HOMA-RI [3.25 (2.58-4.13) vs 1.02 (0.73-1.29); p<0.0001] e a GIMC [266.1
(189.9-296.3) vs 72.85 (55.3-109.4) unidades arbitrarias-UA, p<0.0001]
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estavam aumentados enquanto o QUICKI [0.32 (0.31-0.33) vs 0.38 (0.37-
0.40); p<0.0001] e a ADP [8.6 (4.05-15.95) vs 21.1 (12.9-24.4) ug/ml; p=0.02)
estavam diminuidos. O teor de GIMC associou-se diretamente com a glicose,
insulina, triglicerideos e HOMA-RI e inversamente com o HDL-c, QUICKI e,

mais importantemente, com a ADP (r = -0.41; p<0.05).

Fase longitudinal: apés o tratamento com RSG, o peso corporal e a
circunferéncia do quadril aumentaram, respectivamente [100.9 (91.12-138.7)
vs 107,0 (79.6-142.8) kg e 118 (107-126) cm vs 122 (110-131) cm]; enquanto
a RCQ diminuiu [0.93 (0.87-1.00) vs 0.89 (0.82-0.97); P<0.001 para todos].
Adicionalmente, a glicemia, a insulina e o HOMA-RI diminuiram
significativamente, enquanto a ADP aumentou mais de 3 vezes [9.7 (3.7-
17.7) vs 38.0 (19.3-42.4) pg/ml]. Finalmente, a GIMC n&ao se modificou
[267.54 (213.94-297.94) vs 305.75 (230.80-424.75) UA], mas a GEMC
aumentou de forma significativa [275.53 (210.39-436.66) vs 411.39 (279.92-
556.59) UA; P<0.01] diminuindo a razdo GIMC sobre GEMC [GIMC/GEMC;
1.07 (0.78-1.23) vs. 0.71 (0.53-0.96); p<0.01].

Concluséo - A ADP correlacionou-se inversamente com o teor da GIMC em
adultos obesos nao diabéticos com SM. Este achado tem possiveis
implicagbes para o papel da ADP na oxidagdo da gordura muscular, na Rl e
na SM. O tratamento com RSG aumentou a massa corporal e a
circunferéncia do quadril e diminuiu a RCQ. Além disso, diminuiu a razao
GIMC/GEMC, por aumentar a GEMC sem alterar significativamente a GIMC.
Isto sugere que este medicamento pode prevenir a deposi¢ao da gordura no
compartimento intramiocelular ao aumentar os depdsitos periféricos e o

extramiocelular.
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ABSTRACT

Study objective — insulin resistance (IR) is associated with intramyocellular
lipid (IMCL) content and low serum adiponectin (ADP) levels. ADP is also
involved in muscle fat oxidation but the relationship between them is still
controversial. We aimed to further explore the relationship between ADP and
IMCL content in non-diabetic adults and the role of rosiglitazone (RSG) in
muscle fat compartment distribution in an adult population of obese non-

diabetic metabolic syndrome patients.

Design — this study comprises two phases: a cross-sectional and a

longitudinal, open-label, drug-interventional one.

Setting - Laboratory for Clinical and Experimental Research on Vascular

Biology (Biovasc) at the State University of Rio de Janeiro.

Material and Methods — during the cross-sectional phase, 24 obese, non-
diabetic patients with metabolic syndrome (MS) and 9 lean healthy controls
were studied. Proton nuclear magnetic resonance spectroscopy ('H-NMRS)
was performed to quantify IMCL, as well as extramyocellular lipid (EMCL)
content. The latter plus serum ADP, anthropometrics and biochemical
parameters were evaluated and compared in these two groups. During the
longitudinal phase, fifteen of the MS patients were studied by means of 'H-
NMRS before and after treatment with 8mg/day of RSG for 6 months.
Anthropometrical and metabolic variables were assessed.

Measurements and main results — cross-sectional phase: MS patients had
higher body mass index (BMI), waist, waist-to-hip ratio (WHR), glucose,
insulin and triglycerides and lower HDL-c as compared to controls. HOMA-IR
(3.25 [2.58-4.13] vs 1.02 [0.73-1.29]; p<0.0001) and IMCL content (266.1
[189.9-296.3] vs 72.85 [55.3-109.4) AU, p<0.0001] were higher, and QUICKI
(0.32 [0.31-0.33] vs 0.38 [0.37-0.40]; p<0.0001) and ADP (8.6 [4.05-15.95] vs
21.1 [12.9-24.4] pg/ml; p=0.02) lower in MS compared to controls. IMCL

content was directly associated with glucose, insulin, triglycerides and HOMA-
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IR and inversely to HDLc, QUICKI and, more importantly, with ADP (r = -0.41;
p<0.05).

Longitudinal phase: After RSG treatment, body weight and hip circumference
increased [100.9 (91.12-138.7) vs 107,0 (79.6-142.8) kg and 118 (107-126)
cm vs 122 (110-131) cm] respectively, while WHR decreased [0.93 (0.87-
1.00) vs 0.89 (0.82-0.97); P<0.001 for all]. Additionally, fasting plasma
glucose, insulin and HOMA-IR significantly decreased while adiponectin
increased over 3 fold [9.7 (3.7-17.7) vs 38.0 (19.3-42.4) ug/ml]. Finally, IMCL
did not change [267.54 (213.94-297.94) vs 305.75 (230.80-424.75) arbitrary
units (AU)] while EMCL increased [275.53 (210.39-436.66) vs 411.39
(279.92-556.59) AU; P<0.01] therefore decreasing IMCL to EMCL ratio
(IMCL/EMCL) [1.07 (0.78-1.23) vs. 0.71 (0.53-0.96); p<0.01].

Conclusions — ADP is inversely related to IMCL content in non-diabetic
adults. This finding has possible implications for the role of ADP in muscle fat
oxidation, IR and MS. RSG treatment increased body weight and hip
circumference decreasing WHR and decreased IMCL/EMCL ratio by
increasing EMCL without any significant change on IMCL, thus suggesting
that this drug may prevent IMCL fat deposition by increasing EMCL and

peripheral deposits.



1- INTRODUCAO

A Sindrome Metabdlica (SM) constitui-se numa das mais importantes
entidades clinico-epidemiologicas da atualidade (Eckel et al., 2005; Cornier et
al., 2008). Sua importancia como fator de risco para a doenga aterosclerética,
infarto do miocardio, morte por doenca cardiovascular e diabetes tipo 2 tem
sido documentada em diversos estudos recentes (Isomaa et al., 2001; Lakka et
al., 2001; Ford et al., 2002; Hu et al., 2004; Lorenzo et al., 2007; Cornier et al.,
2008).

A base fisiopatologica da SM envolve a presengca da resisténcia a
insulina (RI), que, por sua vez, esta diretamente relacionada com a presenca
de excesso de peso ou obesidade. Mais especificamente, a quantidade
aumentada de gordura na regido intra-abdominal (obesidade visceral), esta
mais consistentemente relacionada com a RI (Banerji et al., 1999; Lebovitz &
Banerji, 2005).

1.1 Gordura intramuscular e RI

O papel da gordura visceral na patogénese da RI esta bem estabelecido.
Este depdsito de gordura pode, todavia, ser apenas um mecanismo
intermediario. Este compartimento de gordura é metabolicamente muito
dindmico. Sua alta capacidade lipolitica propicia um fluxo aumentado de acidos
graxos livres (AGL) para o sistema porta e periferia, favorecendo sua
deposigao sob a forma de triglicerideos (TG) em outros tecidos, como figado e
musculo, o que constitui a hipotese da deposicdo ectopica de gordura
(Heilbronn et al., 2004; Bays et al., 2004).

No musculo, os TG podem ser depositados no compartimento
extramiocelular (GEMC) ou intramiocelular (GIMC). Diversos estudos para
avaliagcao do conteudo intramiocelular de TG e sua relacdo com RI, através da
Espectroscopia de Prétons por Ressonancia Nuclear Magnética (‘H-ERNM),
confirmam que o conteudo de GIMC é o melhor preditor da RI (Jacob et
al.,1999; Virkamaki et al.,2001).



1.2 Adipocinas e RI

A relacdo entre obesidade, gordura visceral e RI, entretanto, ndo se
resume unicamente a presenca de elevados niveis de GIMC. O papel do tecido
adiposo como o6rgao endocrino, produtor de diversas proteinas envolvidas no
metabolismo dos carboidratos e das gorduras €, indubitavelmente, relevante na
fisiopatologia da RI (Ahima & Flier, 2000; Ronti et al., 2006). Entre estas
substancias, destaca-se a adiponectina (ADP), uma proteina produzida
exclusivamente pelo adipécito e uma das mais abundantes no plasma
(Chandran et al., 2003; Matsuzawa et al., 2004; Sheng & Yang, 2008).

Contrastando com o aumento das outras adipocinas, como o fator de
necrose tumoral-alfa (TNF-a), a resistina, a leptina e a Interleucina-6 (IL-6), a
ADP encontra-se diminuida em obesos e diabéticos (Weyer et al., 2001;
Hotta et al., 2001; Sheng & Yang, 2008). Ainda mais, relaciona-se
independente e inversamente com a sensibilidade a insulina (Chandran et al.,
2003; Weyer et al., 2001; Sheng and Yang, 2008). Em animais, o declinio dos
niveis plasmaticos da ADP é seguido temporalmente pelo inicio da Rl e do
diabetes (Hotta et al., 2001).

1.3 ADP e GIMC

Em mdusculos de roedores a ADP aumenta a expressdo de genes
envolvidos no transporte e oxidagao de acidos graxos e equilibrio energético,
tais como CD36, acetil-CoA oxidase e a proteina UCP-1(Yamauchi et al.,
2001). Mais importantemente, a administracdo da ADP em roedores aumenta a
oxidacdo dos AGL no mdusculo, diminuindo os TG intramusculares e
melhorando a sensibilidade a insulina (Yamauchi et al., 2001). Assim, uma
razoavel explicagdo para o papel da ADP como sensibilizador da insulina,
parece ser através da sua acdo no depodsito de gordura intramuscular
(Ravussin, 2002).

Os estudos de Weiss e colaboradores (Weiss et al.,, 2003), em
adolescentes obesos, parecem confirmar esta hipotese. Estes autores
encontraram uma forte correlacéo inversa entre a GIMC e os niveis de ADP.
Nao esta, porém, claramente estabelecido se a ADP tem alguma relagédo com o

teor de GIMC em adultos, em pacientes com SM ou em diabéticos. Assim, um



dos objetivos deste estudo é aprofundar a compreensao da relagdo entre o
conteudo de GIMC e os niveis de ADP em adultos portadores da SM. Além
disso, poderemos avaliar as possiveis correlacdes existentes entre a GIMC,

ADP e outras variaveis metabdlicas como RI e lipideos plasmaticos.

1.4 Tiazolidinedionas (TZDs), ADP e GIMC

As TZDs sdo uma nova classe de agentes antidiabéticos que atuam
aumentando a sensibilidade a insulina. S&o agonistas exégenos da isoforma
gama dos receptores ativadores da proliferacdo dos peroxissomas, conhecidos
pela sigla em inglés PPAR-y (Vamecq & Latruffe, 1999; Gurnell et al., 2003;
Yki-Jarvinen, 2004). Estes receptores se expressam principalmente no tecido
adiposo, 0 que explica grande parte das suas agoes.

O tecido muscular expressa pequena quantidade dos PPARy, o que ndo
deixa claro como os seus agonistas melhoram a sensibilidade muscular a
insulina. Varias acgdes indiretas das TZDs, porém, podem explicar esta agao.
As TZDs parecem produzir uma redistribuicdo da gordura corporal, ao
aumentar a gordura subcutanea e/ou diminuir a gordura visceral (Kelly et al.,
1999; Carey, 2002; Yki-Jarvinen, 2004). Sdo capazes ainda de diminuir os
niveis de AGL circulantes e, portanto, podem potencialmente reduzir a GIMC.

Outro importante efeito das TZDs é o de modificar os niveis plasmaticos
das adipocinas associadas a RI. Em especial estas drogas s&o capazes de
aumentar significativamente os niveis de adiponectina em humanos (Bahia et
al., 2007; Maeda et al., 2001; Yang et al., 2002; Yki-Jarvinen, 2004). Como
discutido acima, a ADP pode potencialmente reduzir a GIMC (Yamauchi et al.,
2001).

Desta forma, um dos objetivos deste estudo € avaliar o efeito da RSG na
GIMC, por um periodo maior de tratamento, numa populagdo nao diabética e
nao usuaria de medicamentos que atuem no metabolismo da glicose. Além
disso, objetivamos avaliar as correlagbes entre o provavel aumento da
adiponectina, o acumulo intramuscular de gordura e as variaveis metabdlicas ja

citadas.



2 - Objetivos
Os objetivos deste estudo, face ao exposto acima, sao:

1- Estudar a relacéo entre a ADP e a GIMC no estado
basal e as possiveis correlacbes desta adipocina com as
variaveis metabdlicas tipicas da SM.

2- Estudar o efeito da RSG sobre o conteudo dos
compartimentos da gordura muscular, isto é, GIMC e GEMC.

3- Avaliar o comportamento dos niveis plasmaticos da
ADP apo6s o tratamento com RSG e determinar se existe
correlacdo entre o seu previsivel aumento e a distribuicdo da

gordura muscular.



3 - Material e Métodos

3.1 Populacdo do estudo, avaliacdo clinico-antropométrica e

intervencao

Este estudo consta de duas fases: uma fase basal (transversal) e uma
fase longitudinal. Todos os pacientes e voluntarios assinaram um termo de
consentimento informado antes de iniciar o estudo. Este protocolo foi aprovado
pela Comiss&o de Etica do Hospital Universitario Pedro Ernesto-UERJ.

Na fase transversal foram estudados 24 pacientes portadores de
SM pelos critérios da ATPIIl (NCEP-ATPIII, 2002), dos quais 16 eram do sexo
feminino e 8 do masculino. Um grupo controle composto de voluntarios
saudaveis, nao obesos, foi convidado a participar desta fase do estudo. Este
grupo era composto por 6 mulheres e 3 homens.

Foram excluidos individuos com diabetes, histéoria de doencas
cardiacas, renais e hepaticas, fumantes ou pacientes em uso de drogas que
afetam a sensibilidade a insulina, o metabolismo dos carboidratos ou dos
lipideos.

Todos os sujeitos estudados foram submetidos a um exame clinico e
inquérito demografico para apurar dados relativos a idade, historia patolégica
pregressa, doengas coexistentes e uso de medicamentos. No exame fisico, os
parametros antropométricos avaliados foram: altura, peso, indice de massa
corporal (IMC), medida da cintura abdominal e do quadril e relagao cintura-
quadril (RCQ). O indice de massa corporal (IMC) foi calculado dividindo-se o
peso em quilogramas pelo quadrado da altura em metros. A medida da cintura
abdominal foi realizada na metade da distancia entre a crista iliaca e o rebordo
inferior da ultima costela, medida duas vezes pelo mesmo observador. A
circunferéncia do quadril foi medida na altura da maior circunferéncia entre os
trocanteres maiores. Além disso, foram mensuradas a pressédo arterial
sistémica e a frequéncia cardiaca. A pressao arterial foi determinada pela
meédia de duas afericdes, feitas com o paciente sentado, apds repouso de pelo

menos 15 minutos usando um esfignomandmetro automatico (Multiparameter



patient monitor - Lifewindow LWG6000, USA), segundo critérios do JNC-7
(Chobanian et al., 2003).

No estudo de intervengdo medicamentosa (fase longitudinal), 16
pacientes utilizaram RSG na dose de 8 mg em uma tomada diaria. Quinze
pacientes completaram 6 meses de tratamento e, assim, compdem o grupo
final estudado nesta fase.

Com o intuito de evitar interferéncia da dieta ou de eventual perda de
peso, o que poderia mudar o conteudo da gordura muscular, os pacientes
foram instruidos para manter suas atividades regulares e ndo mudarem o

padrao alimentar durante a intervengcédo com o medicamento.

3.2 Metodologia laboratorial

Foram obtidas amostras de sangue apds jejum de 12 h para
determinacdo dos exames laboratoriais contidos na tabela 1. A glicemia pds-
prandial foi colhida apenas no grupo com SM, apos 2 h da administragdo de
75g de glicose anidra. Os pacientes foram classificados conforme a tolerancia a
glicose pelos critérios da ADA (2004). As variaveis bioquimicas, glicose,
colesterol total, triglicerideos e colesterol HDL-(HDL-c) foram realizadas através
do método colorimétrico enzimatico automatico GOD-PAP (Modular Analytics
PP, Roche). Outras técnicas empregadas estdo descritas na tabela 1. O
colesterol LDL (LDL-c) foi calculado pela equacao de Friedwald. As amostras
foram centrifugadas e o plasma congelado em freezer a -70% C para

determinacao coletiva de todas as amostras.



Tabela 1: metodologia laboratorial empregada.

EXAME METODO EXAME METODO
GLICOSE ENzIMATICO HEMOGRAMA CONTAGEM
ELETRONICA
INSULINA QUIMIOLUMINESCENCIA | TGP ENzIMATICO
COLESTEROL ENzIMATICO TGO ENzIMATICO
TRIGLICERIDEOS ENZIMATICO PROTEINA C NEFELOMETRIA
REATIVA
HDL-c ENzIMATICO FIBRINOGENIO  COAGULOMETRICO
COLORIMETRICO APOS
PRECIPITAGAO
ADP ELISA RESISTINA ELISA
PAI-1 ELISA

Amostras de plasma foram enviadas para o laboratério de
Endocrinologia da Universidade de Campinas (Unicamp). A ADP, a Resistina e
o PAI-1, foram dosados por ELISA, utilizando um Kit comercial (Lincoplex kit
CAT- HADK1-61K-A, Linco Research-St Charles, Missouri, USA). A
sensibilidade e os coeficientes de variacdo intra e inter-ensaio foram de 145,4
pg/ml, 6,11% e 13,2%, respectivamente. Por razdes técnicas, ndo foi possivel
dosar a ADP em 3 voluntarios do grupo controle e em 4 dos 24 pacientes com
SM. A insulina plasmatica foi dosada por quimiluminescéncia automatica
(coeficiente de variagao =4,68%). Com isto, a determinacao da RI foi realizada
através do HOMA-RI (Matthews et al. 1985) e da sensibilidade a insulina
através do QUICKI (Katz et al. 2000). O calculo do HOMA-RI obedece a
seguinte formula: glicose de jejum x insulina de jejum = 405; e o0 do QUICK: 1+

log glicose de jejum x log insulina de jejum.



3.3 Espectroscopia de Prétons por Ressonancia Nuclear Magnética

A GIMC e GEMC foram avaliadas através da 'H-ERNM. Os exames
foram realizados na Clinica IRM em aparelho de ultima geracdo (1.5T MR
Scanner- Magneton Vision, Siemens, Erlangen, Germany). Os pacientes foram
instruidos para evitar exercicios fisicos intensos e o consumo de bebidas
alcodlicas ou cafeina na véspera deste exame.

As imagens foram obtidas nos musculos tibial anterior e
gastrocnémico da perna direita com o paciente em posi¢cédo supina. Desta
forma a tibia ficava em posi¢céo quase paralela ao campo magnético estatico.
O volume de interesse (13x13x30mm?®) foi centrado dentro do musculo
gastrocnémico de forma a evitar estruturas vasculares e depdsitos grosseiros
de gordura. O espectro foi adquirido pela sequéncia PRESS (point resolved
spectroscopy) com os seguintes parametros: tempo do eco 35 ms, tempo de

repeticdo 1600 ms e 256 scans com supressao da agua (figuras 1a e 1b)

O conteudo intramiocelular foi definido pela integral do sinal obtido entre
1.2 e 1.3 ppm. O conteudo extramiocelular foi definido pela integral do sinal
obtido entre 1.4 e 1.5 ppm. O sinal da creatina foi obtido entre 2.9 e 3.1 ppm e
serviu como referéncia para a quantificacdo da gordura intra e extramiocelular.
Utilizamos a relagao gordura/creatina para analise das espectroscopias.

Apos a fase transversal do estudo, os pacientes portadores de SM foram
convidados a participar da fase longitudinal. Desta forma, 16 pacientes
iniciaram RSG e 15 completaram o estudo. Todas as avaliagdes clinicas e
laboratoriais, assim como a 'H-ERNM, foram repetidas 6 meses apds o
tratamento com RSG. E importante salientar, portanto, que para todos estes
pacientes os exames basais e apds 6 meses de tratamento estavam

disponiveis para a analise.



A) espectroscopia de préton B) RNM do mesmo paciente

Figura 1. Modelo de um exame em um paciente com SM. Note que o maior pico na
espectrometria, referente a GEMC (obtido entre 1.4 e 1.5 ppm) é seguido por um pico
menor (obtido entre 1.2 e 1.3 ppm), referente a GIMC.

3.4 Andlise estatistica

Face ao n amostral, as variaveis tém, em sua maioria, distribuicdo n&o-
normal e sdo apresentadas como medianas [12 - 3% quartis]. No estudo
estatistico, empregou-se o software estatistico Prism 4.01 (Graphpad Inc., San
Diego, CA, USA).

No estudo transversal, as comparagbes entre os grupos foram feitas
pelo teste do Qui quadrado corrigido por Yates ou pelo teste de Mann-Whitney.
Dada a grande variagdo dos resultados de ADP e GIMC, utilizou-se a
transformada logaritmica destas variaveis. As correlacbes entre estas e as
variaveis antropométricas ou metabdlicas foram realizadas pela analise de
correlagbes de Spearman. Em carater exploratério, e apesar da nao-
normalidade das variaveis, aquelas que apresentavam maior correlacdo e
poder estatistico foram usadas em um modelo de regressdo multipla seguindo
um padrao “stepwise backward”, onde o logGIMC foi a variavel dependente. Os
melhores modelos s&o apresentados neste estudo. Nesta analise, ao testarmos

as variaveis com o grupo total (pacientes e controles), subsequentemente
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separamos aqueles pacientes com mais de 40 anos, a fim de avaliar a
interferéncia da idade nos resultados encontrados.

No estudo longitudinal, as comparacdes do efeito da intervengédo com o
estado basal foram feitas através do teste de Wilcoxon para grupos pareados.
Face ao elevado ganho ponderal de praticamente toda a amostra ao término
dos 6 meses de tratamento, a variavel DeltaPeso foi criada e dividida em
quartis. Subsequentemente, os pacientes foram divididos em dois subgrupos
de acordo com o 4° quartil do ganho ponderal, ponto de corte de 4,1 kg. A
correlacdo de Spearman foi novamente empregada nesta fase. Para
estabelecer diferencas estatisticas significativas foi considerado o valor de
P<0,05.
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4 — Resultados

4.1 Estudo transversal

4.1.1 Parametros Metabdlicos, antropométricos e de contetudo de

gordura dos pacientes e controles

Os pacientes com SM eram mais velhos que o grupo controle, mas nao
houve diferenga na composi¢cédo dos grupos por género (tabela 2). Além disso,
13 pacientes com SM eram portadores de intolerdncia a glicose e/ou
hipertensdo arterial. Os pacientes com SM apresentaram diferengas
significativas para todos os parametros estudados quando comparados com o
grupo controle, como demonstrado na tabela 2. Assim, estes pacientes eram
mais pesados, concentravam gordura na regidao abdominal e exibiam um perfil
metabdlico tipico da SM. Ressalte-se que a avaliagcédo de resisténcia a insulina
demonstra que este grupo apresentava um HOMA-RI maior [3,25 (2,58-4,13)
vs 1,02 (0,73-1,29)] e, de maneira concordante, uma menor sensibilidade a
insulina quando avaliada pelo QUICKI [0,32 (0,31-0,33) vs 0,38 (0,37-0,40);
p<0,0001 para ambos]. Ainda mais interessante, a ADP foi significativamente
mais baixa [8,6 (4,05-15,95) vs 21,1 (12,9-24,4) ug/ml; p= 0,02] e o conteudo
da GIMC maior [266,1 (189,8-296,3) vs 72,85 (55,3-109,4); p<0,0001] (Figuras
2a e 2b). O conteudo da GEMC ngo foi diferente entre os grupos.



Tabela 2: Dados clinicos e laboratoriais dos grupos SM e controles.

12

CONTROLES SM p

n=9 n=24
Género 6/3 16/8 NS
(feminine/masculino)
ldade (anos) 23,0 [23-27] 41,5 [35-50] <0,001
IMC (kg/alt?) 20,6 [20.4-21.4] 37,4 [31,5-42,5] <0,0001
Cintura (cm) — masc. 71,0 [68-84] 105,5 [99-116,5] <0,001
Cintura (cm) — femin. 64,0 [64-68] 106 [99,5-111,5] <0,001
RCQ - masc. 0,811[0,71-0,82] 1,00 [0,94-1,1] <0,01
RCQ - femin. 0,711[0,70-0,71] 0,91 [0,86-0,96] <0,01
Glicemia (mg/dl) 82,0 [72-86] 96,5 [86,5-109,0] <0,001
Insulina (uUI/ml) 4,9 [4,4-5,8] 13,9 [11-18,4] <0,0001
HOMA-RI 1,02 [0,73-1,29] 3,25 [2,58-4,13] <0,0001
QUICKI 0,38 [0,37-0,40] 0,32 [0,31-0,33] <0,0001
Colesterol total (mg/dl) 165,0 [144-174] 207,5[177,5-239,0] <0,001
HDL-colesterol (mg/dl) 3 53,0 [45-63] 4 40,0 [37,5-43,5] <0,05

© 61,0 [51-81] Q 44,0 [37-47,5] 0,01
LDL-colesterol (mg/dl) 80,0 [72-110] 128,0 [109,5-163,0] <0,001
Triglicérides (mg/dl) 57 [48-77] 187,5[107,5-216,0] <0,0001
Adiponectina (ug/ml) 21,1 [12,9-24,4] 8,6 [4,05-15,95] <0,05
LogAdiponectina 1,36 [1,28-1,39] 0,93 [0,61-1,20] <0,05
GIMC (UA) 72,85 [55,3-109,4] 266,1 [189,8-296,3] <0,0001
LogGIMC 1,86 [1,74-2,04] 2,42 [2,28-2,47] <0,0001
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Figura 2: Valores de ADP (a) e GIMC (b) nos grupos SM e controles.

4.1.2 Correlagdes entre a ADP, dados clinico-laboratoriais e

conteudo muscular de gordura nos pacientes e controles

A tabela 3 descreve as correlagdes estudadas. Observe-se que a ADP
(log) correlacionou-se inversamente com o peso (r = -0,42; p<0,05) e, de
acordo com a distribuicdo de gordura corporal, também com a cintura
abdominal e com a RCQ (r = -0,42 e r = -0,48; p<0,05 para ambas). Ndo houve
relagdo com a medida do quadril. Além disso, se correlacionou inversamente
com a insulina de jejum, HOMA-RI, triglicerideos e, diretamente, com o QUICKI
e o HDL-c (Tabela 3).

Quanto ao teor da GIMC (log), houve correlagéo direta com o peso e o
IMC (r = 0,74; p<0,001 e r = 0,63; p<0,001 para ambas). De maior importancia,
observaram-se fortes correlagdes positivas entre a GIMC e os marcadores de
deposigao central de gordura, como a cintura e a RCQ (r= 0,76 e r= 0,71; p<
0,001 para ambas).

O conteudo de GIMC também se correlacionou diretamente com quase
todas as variaveis metabdlicas, como: glicemia de jejum, insulina, triglicerideos
e; inversamente, com o HDL-c. Como esperado, houve uma forte correlagcéo
com o HOMA-RI (positiva) e o QUICKI (negativa).
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Tabela 3: Correlagbes entre ADP, GIMC (ambas por transformacao

logaritmica), parametros antropométricos e metabdlicos.

Parametros antropométricos LogADP LogGIMC
Peso 0 42 0,74%
IMC 0,24 0,63t
Cintura 0, 42 0,761
Quadril -0,23 0,54t
RCQ _0’48* 0,71%

Parametros metabdlicos

Glicemia 0,01 0.43
Insulina -0,55¢% 0,55%
HOMA-RI -0,501 0,591
QUICKI 0,511 -0,58%
Colesterol total -0,08 0,21
LDL-colesterol -0,14 0,22
HDL-colesterol 0,541 047
Triglicérides -0,52t1 0,49t

Dados apresentados em R. p <0,05; tp <0,01; Ip < 0,001.

Nosso principal achado desta fase do estudo foi a correlagdo negativa
encontrada entre a ADP e a GIMC (r=-0,41;p<0,05; Figura 3) numa populagéo

de adultos ndo-diabéticos.
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Correlagéo inversa entre a ADP (log) e a GIMC(log)
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Godoy-Matos A et al 2009 (no prelo)

Figura 3: Correlagédo entre adiponectina e GIMC, ambos com transformagao
logaritmica.

No grupo total, a analise multivariada mostrou que o conteudo de GIMC
foi influenciado apenas pela medida da cintura (Beta = 0,96; R2 ajustado= 0.61,
p<0,001), mesmo quando os pacientes maiores de 40 anos foram excluidos da
andlise (Beta = 0,74; R? ajustado= 0,53, p<0.001). Quando analisados apenas
os pacientes com SM, o teor da GIMC foi influenciado pelo IMC, RCQ, medida
do quadril, glicemia de jejum, QUICKI e LDL-c, embora nao
independentemente dos niveis de ADP. Logo, 62% da variacdo da GIMC

podem ser explicados por estas variaveis (tabela 4) e, parcialmente, pela ADP.
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Tabela 4: Analise de regressao multipla em obesos nao-diabéticos com

SM considerando a GIMC como variavel dependente.

Modelo B P R” ajustado P
IMC -1,07 0,003 0,62 0,03
Quadril 2,32 0,02

RCQ 2,01 0,007

Glicemia -0,69 0,03

QUICKI -1,12 0,006

LDL-colesterol -1,59 0,006

LogADP 0,93 0,006

4.2 Estudo longitudinal

4.2.1 Parametros antropomeétricos, metabdlicos e de conteudo de

gordura muscular

Dezesseis pacientes entraram na fase longitudinal de intervengao
medicamentosa com RSG, porém um paciente ndao completou o estudo. Assim,
os dados analisados referem-se aqueles que completaram o protocolo. A
tabela 5 descreve os dados destes pacientes.

Apos 6 meses de tratamento houve um marcante aumento do peso, do
IMC e da circunferéncia do quadril, enquanto a medida da cintura ndo sofreu
alteragbes. Logo, a RCQ diminuiu significativamente com o tratamento [0,93
(0,87-1,0) vs 0,89 (0,82-0,97); p<0,001].

Consistentemente, todas as variaveis relacionadas ao metabolismo dos
carboidratos sofreram mudancgas. A glicemia de jejum, os niveis plasmaticos de
insulina e o HOMA-RI decresceram, enquanto o QUICKI aumentou
significativamente (tabela 5). A ADP aumentou mais de 3 vezes acima do valor
basal [9,7 (3,7-17,7) vs. 38,0 (19,3-42,4) ug/ml; p<0,001], enquanto a resistina
manteve-se inalterada. No perfil lipidico houve apenas um discreto aumento
nos niveis do colesterol total e do LDL-c. Interessantemente, a PCR-US
diminuiu cerca de 70%, de maneira altamente significativa [1,0 (0,5-2,3) vs 0,3
(0,2-0,5); p<0,0001]. O fibrinogénio, mas ndo o PAI-1, diminuiu levemente
(tabela 5).
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Tabela 5: dados do grupo de obesos n&o-diabéticos com SM antes e

depois do tratamento com rosiglitazona.

Basal

Apos RSG

Peso (Kg)

IMC (Kg/m?)

Cintura (cm)
Circunferéncia do quadril
RCQ

GJ (mg/dl)

Insulina (pUI/ml)
HOMA-IR

QUICKI

Colesterol Total (mg/dl)
Colesterol LDL (mg/dl)
Colesterol HDL (mg/dl)
Triglicerideos (mg/dl)
PCR

Fibrinogénio
Adiponectina

PAI-1

Resistina

GEMC

GIMC

100,9 [91,12-138,7]
38,1[32,8-44,3]

106,0 [98,0-112,0]

118 [107-126]

0,93 [0,87-1,00]

103 [95-109]

14,6 [10,6-20,3]

3,30 [2,47-4,37]

0,320 [0,307-0,333]
190 [172-233]

116 [95-163]

43 [37-46]

175 [98-211]

1,0 [0,5-2,3]

303,9 [254,2-364,0]
9,7 [3,7-17,7]

23,8 [21,2-28,1]

17,3 [17,2-18,2]
275,53 [210,39-436,66]
267,54 [213,94-297,94]

107,0 [79,6-142,8]*
38,4 [34,6-48,4]**

109,0 [101,0-114,0]

122 [110-131]**

0,89 [0,82-0,97]***

94 [84-101]*

9,0 [7,2-12,8]***

2,00 [1,61-3,16]***

0,343 [0,321-0,355]***

199 [190-265]**

134 [122-183]**

44 [35-48,5]

151 [119-211]

0,3 [0,2-0,5]***

265,0 [209,7-296,5]*

38.0 [19,3-42,4]***

22,5 [20,6-24,7]

17,1 [16,9-17,8]

411,39 [279,92-556,59]**

305,75 [230,80-424,75]

*P< 0,05 **P<0,01 ***P<0,001

O principal objetivo desta fase do estudo foi avaliar possiveis mudancas

na distribuicdo da gordura muscular. De fato, enquanto ndo se demonstrou

mudanga no teor da GIMC, um marcante aumento do teor da GEMC pode ser
observado [275,53 (210,39-436,66) vs 411,39 (279,92-556,59); p<0,01]. Isto
significou que a razdo entre a GIMC e a GEMC (GIMC/GEMC) diminuiu
importantemente apds o tratamento com RSG [1,07 (0,78-1,23) vs. 0,71 (0,53-

0,96); p<0,01 — Figura 4].
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A razdo GIMC/ GEMC diminuiu significativamente apés 6 meses
De tratamento com RSG
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Godoy-Matos A et al 2009 (no prelo)

Figura 4: Razéo entre a GIMC e a GEMC basal e apds tratamento com RSG em

obesos nio-diabéticos com SM.

Como houve um importante aumento de peso no grupo como um todo,
os pacientes foram divididos por quartis, entre os que ganharam muito peso (42
quartil ou = 4,1kg) e aqueles que pouco aumentaram. Ainda assim, mesmo
naqueles que ganharam mais de 4kg, ndo houve aumento no teor de GIMC.
Em contraste, o teor de GEMC aumentou significativamente em ambos (Figura
5).
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Figura 5. Diferenga da GEMC e GIMC antes e apds tratamento com RSG. Observa-se
que, quando divididos por quartis, a GEMC aumentou em ambos os subgrupos
(Figuras a e b). Em contraste, a GIMC (Figuras ¢ e d) ndao se modificou

significativamente naqueles que ganharam mais ou menos peso.
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5- Discusséao:

O principal achado da fase transversal deste estudo foi a ocorréncia de
uma relagao inversa entre a ADP e a GIMC em uma populacédo adulta ndo-
diabética com SM. Weiss e colaboradores (2003) apresentaram resultados
similares em uma populagcdo de adolescentes. Nesse caso, todavia, esta
relacdo foi mais forte apenas no grupo de obesos, sugerindo que era mais
proeminente acima de um determinado limite de GIMC. Da mesma forma,
outros descreveram a mesma relagao inversa apenas num grupo de obesos,
sem qualquer correlacdo em magros (Kantartzis, 2006). No presente estudo,
em adultos, ressalte-se, quando homogeneizamos a amostra apenas com
pacientes obesos a relagdo da ADP com a GIMC nao se tornou mais
significativa. Isto talvez possa ser explicado porque nosso grupo foi
selecionado estritamente pela presenga da SM. Ainda mais, um estudo
recente vem de encontro aos nossos achados ao observar que, independente
da obesidade, a ADP correlacionou-se com a GIMC apenas na musculatura
oxidativa, isto €, musculo soleus, mas nao no musculo tibial anterior (Thamer
et al., 2002). Este fato estda de acordo com o provavel papel da ADP na
oxidagdo de gordura. Por outro lado, Furler e colaboradores (2006) né&o
encontraram uma correlagdo simples entre estas variaveis. Todavia, quando
modelaram a GIMC como uma funcdo da ADP e da adiposidade uma forte
correlagdo apareceu, mas, curiosamente, o modelo sugeria uma relagao
inversa nos magros e direta nos obesos. Estes autores estudaram apenas

homens enquanto nds estudamos pacientes de ambos os sexos.

Recentemente, Perseghin e colaboradores (2007), também estudaram
a relagdo entre as adipocinas e a gordura ectépica, em jovens magros, filhos
de diabéticos. Eles mostraram que a leptina correlacionou-se fortemente com
a GIMC, enquanto a ADP mostrou apenas uma tendéncia. De certa forma isto
concorda com 0s nossos achados e sugere que a contradicdo pode estar
apenas relacionada com a corpuléncia dos seus pacientes. Outro estudo,
também em adultos, observou que niveis mais baixos de ADP ocorriam
apenas em sujeitos com maior teor de gordura hepatica e ndo naqueles com

maior depodsito de gordura muscular (Kotronen et al., 2008), o que esta em
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concordancia com achados que sugerem que a hipoadiponectinemia esta
associada com maior acumulo de gordura no figado e ndo no musculo (Koska
et al.,, 2008). No nosso estudo n&o avaliamos a gordura hepatica, o que
poderia contribuir para esta discussdo. Em suma, dois estudos em criancas
(Weiss et al., 2003; Taksali et al., 2008) e dois em adultos (Kantartzis, 2006;
Thamer et al., 2002), sugerem uma relag&o inversa entre a ADP e a GIMC,
um mostrou uma tendéncia no mesmo sentido (Perseghin et al., 2007) e dois
nao confirmam tal associagdo (Furler et al., 2006; Kotronen et al., 2008). E,
portanto, possivel que diferengas metodoldgicas, principalmente nas
populacdes estudadas, expliquem esta controvérsia. O fato € que o tema

permanece néo esclarecido e isto garante a necessidade de mais estudos.

Este estudo confirma muitos aspectos das alteragdes metabdlicas em
pacientes com SM. Um aspecto notavel foi que, numa populacdo nao
diabética, os niveis plasmaticos da ADP eram menos da metade dos

encontrados num grupo controle saudavel.

Em relagdo as variaveis antropomeétricas, a ADP se correlacionou
inversamente com o peso e IMC, e, mais importantemente, com as medidas
de adiposidade central como circunferéncia abdominal e RCQ. Tanko e
colaboradores (2004), utilizando densitometria de duplo feixe de raios X,
demonstraram que a ADP estava diminuida em mulheres com obesidade
central, quando comparadas aquelas com obesidade periférica, ou mesmo
generalizada. A gordura visceral é o principal componente, sob o ponto de
vista metabdlico, da adiposidade central e mostra-se preditora independente
dos niveis de ADP (Cote et al.,2005). De fato, homens com o mesmo IMC,
mas maior gordura visceral, exibem niveis reduzidos de ADP em comparagao
com aqueles com menor gordura visceral. Ainda mais, varios grupos ja
demonstraram que a ADP esta diminuida em pacientes com obesidade, IR ou
diabetes mellitus tipo 2 (Matsuzawa et al., 2004; Cote et al., 2005; Tschritter et
al., 2003) e se correlaciona inversamente com o conjunto de fatores da SM
(Matsuzawa et al., 2004; Conte et al., 2006; Matsubara et al., 2002), exceto
com o HDL-c, com o qual se relaciona positivamente (Matsubara et al., 2002).

Assim, os nossos achados estdo em inteira concordancia com a literatura.
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Em relagdo a GIMC, observou-se que estava aumentada nos
pacientes com SM e, além disso, se associava diretamente com as medidas
de deposicao central de gordura corporal, ou seja, cintura e RCQ. Da mesma
forma, houve associacdo com as anormalidades metabdlicas tipicas da SM.
De acordo com a teoria da deposi¢cao ectdpica de gordura, o acumulo de
gordura em figado e musculo pode ser devido a uma incapacidade parcial do
tecido adiposo em estocar gordura (Heilbronn et al., 2004; Ravussin, 2002)

Estudos anteriores demonstraram que a GIMC esta diretamente
relacionada com a RI, além de ser um excelente preditor desta (Jacob et al.,
1999; Virkamaki et al., 2001). No nosso estudo, os marcadores indiretos da
RI (insulina, HOMA-IR e QUICK) também se associaram significativamente
com a GIMC, o que esta de acordo com os estudos citados. Além disso, a
GIMC também se relacionou com todos os achados bioquimicos e

metabolicos.

A relacao entre a ADP e a GIMC é de capital importancia, uma vez que
pode explicar muitas alteragdes metabdlicas que estdo por tras da RI, SM e
diabetes tipo 2. Como ja discutido, o conteudo de gordura intramiocelular esta
intrinsecamente relacionado a RIl. Tal associacdo deve-se, parcialmente, a
uma diminuicdo da fosforilagdo do IRS-1 estimulado pela insulina (Petersen &
Shulman, 2006). Em modelos animais com grande aumento de GIMC e RI, a
infusdo de ADP diminuiu o triglicerideo muscular e recuperou a transducéo do
sinal da insulina, exatamente por ativar a cascata de fosforilagdo em tirosina
do receptor de insulina e do passo seguinte, ou seja, a fosforilagdo do IRS-1
(Yamauchi et al.,, 2001). Recentemente, novas avenidas de investigacéo
foram abertas para tentar explicar a complexa relagcéo entre o teor de GIMC e
as reduzidas taxas de fosforilagdo mitocondrial, associadas por sua vez com
diminuicdo da sintese de ATP, que refletem uma disfuncdo mitocondrial
(Petersen et al., 2004).
Em conclusdo, os achados da fase transversal deste estudo
adicionam-se a uma literatura controversa, mas esta em consonancia com a
sugestdo de uma relagao inversa entre a ADP e a GIMC. Logo, aponta para

um suspeitado e provavel papel da ADP na oxidagao da gordura muscular.



23

O principal achado da fase longitudinal, apds intervencao terapéutica
com RSG por seis meses, foi um aumento significativo da GEMC. Todavia o
mesmo nao foi observado em relagdo a GIMC, que ndo se alterou. Por
conseguinte, a razdo GIMC/GEMC diminuiu significativamente. Embora um
estudo in vitro, utilizando musculo esquelético de pacientes diabéticos, tenha
demonstrado um aumento da utilizagcdo de acidos graxos, potencialmente
reduzindo a GIMC (Cha et al., 2005), os estudos clinicos mostram resultados
contraditorios. De fato, Mayerson e colaboradores (2002), ao estudar diabéticos
em uso de RSG por apenas trés meses, ndo logrou demonstrar qualquer
alteracao no conteudo de GIMC. Todavia, observou um aumento de 39% na
GEMC. Seus resultados estdo em consonancia com 0s nossos, quando em
seis meses observamos um aumento de 49.3% na GEMC. Mesmo quando
separados por categoria de ganho de peso, entre aqueles que ganharam 4,1kg
ou mais (4% quartil) e aqueles que ganharam menos, a GIMC n3o mudou
significativamente nos dois subgrupos, ao contrario da GEMC. Uma vez mais, a
razdao GIMC/GEMC diminuiu. Um estudo em ratos Zucker obesos mostrou o
mesmo achado, ou seja, que a RSG diminuiu a razdo GIMC/GEMC (Jucker et
al., 2005).

Teranishi e colaboradores (2007), conseguiram demonstrar uma
diminuicdo da GIMC com pioglitazona ou metformina num grupo de diabéticos
tipo 2. Em contraste com o presente estudo, porém, os pacientes que usaram
pioglitazona ndo ganharam peso e aqueles em uso de metformina perderam
peso levemente. Isto pode sugerir que mudangas no estilo de vida (exercicios e
dieta) implementadas antes e mantidas durante o estudo, como afirmado pelos
autores, influenciaram os seus resultados. Rasouli e colaboradores (2005),
num estudo semelhante, mas por apenas 10 semanas e utilizando biopsia
muscular ao invés da 'H-ERNM, mostraram uma diminuicdo de 34% na GIMC
com a pioglitazona, mas ndo com a metformina. Estes autores relataram um
discreto aumento de peso (2.63 + 0.65 kg) no grupo pioglitazona. Assim, é
possivel que diferencas nas metodologias, no ganho de peso ou mesmo nas
peculiaridades de cada droga, possam explicar nossos achados discordantes.

Algumas possiveis interpretacbes podem ser levantadas a partir do
presente estudo: i) o excesso de gordura pode ter sido desviado para o

compartimento extracelular, que se comportaria como adipécitos periféricos,
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acumulando gordura sob estimulo das tiazolidinedionas (Mayerson et al.,
2002); ii) o excesso de gordura, eventualmente dirigido ao compartimento
intramiocelular, pode ter sido oxidado pela ativacdo PPAR-y (Rasouli et al.,
2005) ou iii) ocorreu um desvio dos depoésitos ectopicos para o tecido
subcutédneo (Mayerson et al., 2002; Rasouli et al., 2005; Kim et al., 2003;
Yamauchi et al., 2002). Em refor¢o a estas hipoteses, no nosso grupo de
pacientes o aumento de peso se acompanhou de modificacbes das medidas
antropomeétricas que avaliam distribuicdo da gordura. Nominalmente, aumento
da circunferéncia do quadril e decréscimo da RCQ. Além disso, a RSG
aumenta a sensibilidade do adipdcito a insulina e diminui a lipdlise da gordura
periférica (Mayerson et al., 2002).

Em animais, a ADP aumenta a expressao de genes envolvidos com o
transporte e oxidacdo dos acidos graxos e diminui o teor muscular de
triglicerideos (Yamauchi et al., 2002). As tiazolidinedionas ativam a AMPK,
aumentam a ADP, que por sua vez aumenta a AMPK em musculo e figado
(Yamauchi et al.,, 2002; Fryer et al, 2002). Como a ADP aumentou
substancialmente na nossa experimentacao, isto poderia ser responsavel por
um aumento na oxidagdo de gorduras no musculo e assim diminuir a GIMC.
Como, de fato, ndo houve reducdo da GIMC, tal relacédo (AADP versus AGIMC)
nao pode ser demonstrada. Além disso, ndo encontramos correlagado entre a
diminuicdo da razdo GIMC/GEMC e o aumento da ADP (dados néo
mostrados).

Finalmente, quanto as modificagbes nas variaveis metabdlicas como
glicemia, insulinemia, perfil lipidico, HOMA-RI, QUICK, fibrinogénio e, ainda, no
marcador de inflamagao (PCR) este estudo estd, indubitavelmente, de acordo
com o espectro de acdes das tiazolidinedionas (Yki-Jarvinen, 2004). E notavel
que, mesmo numa condigdo experimental livre, onde os pacientes ganharam
muito peso, o tratamento com a RSG mudou todos os marcadores de
resisténcia (ou sensibilidade) a insulina na diregéao correta, enquanto ao mesmo
tempo reduzia a inflamacéao. Isto deve ser entendido como resultado de uma
deposigao favoravel de gordura, como sugerido pelo aumento do peso, da
circunferéncia do quadril e diminuigdo da RCQ. Em apoio a esta sugestdo, em
pacientes diabéticos a RSG diminuiu a RI, enquanto aumentava a leptina, um

marcador da gordura corporal total (Kim et al., 2008). Mais interessante, o
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aumento da espessura do subcutdneo, medido por ultrasonografia,
correlacionou-se positivamente com o aumento da leptina e negativamente
com o HOMA-RI (Kim et al., 2008). Em suma, a melhora do perfil metabdlico
pode ser entendida como resultado da diminuicdo da RI, secundaria a
deposigao periférica de gordura.

Em concluséao, o tratamento com RSG num grupo de pacientes obesos,
nao diabéticos, portadores de SM, aumentou o peso corporal, mas melhorou
varios parametros metabdlicos e de inflamagao. Além disso, diminuiu a razéo
entre a GIMC e a GEMC ao aumentar o compartimento da GEMC sem afetar o
compartimento da GIMC. Desta forma, este estudo sugere que a RSG pode
prevenir a deposigcdo de GIMC através do aumento da gordura periférica e

extramiocelular.
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6 — Conclusdes

1- A adiponectina correlaciona-se negativamente com o conteudo de
gordura intramiocelular em adultos. Isto aponta para um suspeitado e provavel
papel da ADP na oxidagao da gordura muscular.

2- O tratamento com rosiglitazona, num grupo de pacientes obesos, néao
diabéticos, portadores de SM, diminuiu a razédo entre a gordura intramiocelular
e a extramiocelular, aumentando o depdsito no compartimento extramiocelular.

3- O tratamento com rosiglitazona aumentou significativamente os niveis
da adiponectina plasmatica, mas este aumento ndo se correlacionou com a

diminuigao da razao entre a gordura intra e extramiocelular observada.



27

7 - Referéncias Bibliograficas

e ADA. Diagnosis and classification of diabetes mellitus. Diabetes Care
2004; 27: S5-S10.

e Ahima RS, Flier JS. Adipose tissue as an endocrine organ. Trends
Endocrinol Metab 2000; 11: 327-332.

e Bahia L, de Aguiar LGK, Villela N, Bottino D, Godoy-Matos AF, Geloneze B et al.
Adiponectin is associated with improvement of endothelial function after rosiglitazone
treatment in non-diabetic individuals with metabolic syndrome. Atherosclerosis 2007;
199: 138-146.

e Banerji MA, Faridi N, Atluri R, Chaiken RL, Lebovitz HE. Body composition,
visceral fat, leptin, and insulin resistance in Asian Indian men.
J Clin Endocrinol Metab 1999; 84: 137-144.

e Bays H, Mandarino L, DeFronzo RA. Role of the adipocyte, free fatty acids,
and ectopic fat in pathogenesis of type 2 diabetes mellitus: peroxisomal
proliferator-activated receptor agonists provide a rational therapeutic
approach. J Clin Endocrinol Metab 2004; 89: 463-478.

e Carey DG, Gary JC, Graham J et al.. Effect of rosiglitazone on insulin
sensitivity and body composition in type 2 diabetic patients. Obes Res.
2002;1008 —1015.

e Cha BS, Ciaraldi TP, Park KS, Carter L, Mudaliar SR, Henry RR.
Impaired fatty acid metabolism in type 2 diabetic skeletal muscle cells is
reversed by PPARgamma agonists. Am J Physiol Endocrinol Metab
2005; 289: E151-E159.

e Chandran M, Phillips SA, Ciaraldi T, Henry RR. Adiponectin: more than
just another fat cell hormone? Diabetes Care 2003; 26(8): 2442-2450.



28

Chobanian A.V., Bakris G.L., Black H.R. et al. The Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the JNC 7 report. JAMA 2003;
289:2560-2572.

Cornier MA, Dabelea D, Hernandez TL, Lindstrom RC, Steig AJ, Stob NR
et al. The metabolic syndrome. Endocr Rev 2008; 29(7): 777-822.

Cote M, Mauriege P, Bergeron J, Almeras N, Tremblay A, Lemieux | et al.
Adiponectinemia in visceral obesity: impact on glucose tolerance and
plasma lipoprotein and lipid levels in men. J Clin Endocrinol Metab 2005;
90: 1434-1439.

Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.
Lancet 2005; 365: 1415-1428.

Ford ES, Giles WH, Dietz WH. Prevalence of the Metabolic Syndrome
among US adults. Findings from the third national health and nutrition
examination survey. JAMA. 2002; 16, 287:356-9.

Fryer LG, Parbu-Patel A, Carling D. The Anti-diabetic drugs rosiglitazone
and metformin stimulate AMP-activated protein kinase through distinct
signaling pathways. J Biol Chem 2002; 277(28): 25226-25232.

Furler SM, Gan SK, Poynten AM, Chisholm DJ, Campbell LV, Kriketos
AD. Relationship of adiponectin with insulin sensitivity in humans,
independent of lipid availability. Obesity (Silver Spring) 2006; 14: 228-
234.

Gurnell M, Savage DB, Krishna V, O’'Rahilly. The Metabolic Syndrome:
Peroxisome Proliferators-Activated Receptor y and its Therapeutic
Modulation. J Clin Endocrinol Metab. 2003; 88:2412-2421.

Heilbronn L, Smith SR, Ravussin E. Failure of fat cell proliferation,
mitochondrial function and fat oxidation results in ectopic fat storage, insulin

resistance and type Il diabetes mellitus. Int J Obes Relat Metab Disord



29

2004; 28 Suppl 4: S12-S21.

Hotta K, Funahashi T, Bodkin NL et al. Circulating concentration of the
adipocyte protein adiponectin are decreased in parallel with reduced
insulin sensitivity during the progression to type 2 diabetes in rhesus
monkeys. Diabetes 2001;50:1126-1133.

Hu G, Qiao Q, Tuomiletho et al. Prevalence of the Metabolic Syndrome
and its Relation to All-Cause and Cardiovascular Mortality in Nondiabetic
European Men and Women. Arch Intern Med 2004;164:1066-1076.

Isomaa B, Alimgren P, Forsen B. Cardiovascular morbidity and mortality
associated with the metabolic syndrome. Diabetes Care 2001; 24:683-
9.

Jacob S, Machann J, Rett K, Brechtel K, Volk A, Renn W et al. Association
of increased intramyocellular lipid content with insulin resistance in lean
nondiabetic offspring of type 2 diabetic subjects. Diabetes 1999; 48: 1113-1119.

Jucker BM, Yang D, Casey WM, Olzinski AR, Williams C, Lenhard SC et
al. Selective PPARdelta agonist treatment increases skeletal muscle lipid
metabolism without altering mitochondrial energy coupling: an in vivo
magnetic resonance spectroscopy study. Am J Physiol Endocrinol Metab
2007; 293(5): E1256-E1264.

Kantartzis K, Rittig K, Balletshofer B, Machann J, Schick F, Porubska K et
al. The relationships of plasma adiponectin with a favorable lipid profile,
decreased inflammation, and less ectopic fat accumulation depend on
adiposity. Clin Chem 2006; 52: 1934-1942.

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G et al.
Quantitative insulin sensitivity check index: a simple, accurate method for
assessing insulin sensitivity in humans. J Clin Endocrinol Metab 2000;
85(7): 2402-2410.



30

Kelly IE, Han TS, Walsh K, Lean ME. Effects of a thiazolidinedione
compound on body fat and fat distribution of patients with type 2
diabetes. Diabetes Care 1999; 22(2): 288-293.

Kim HJ, Kim SK, Shim WS, Lee JH, Hur KY, Kang ES et al. Rosiglitazone
improves insulin sensitivity with increased serum leptin levels in patients
with type 2 diabetes mellitus. Diabetes Res Clin Pract 2008; 81(1): 42-
49.

Kim JK, Fillmore JJ, Gavrilova O, Chao L, Higashimori T, Choi H et al.
Differential effects of rosiglitazone on skeletal muscle and liver insulin
resistance in A-ZIP/F-1 fatless mice. Diabetes 2003; 52(6): 1311-1318.

Koska J, Stefan N, Permana PA, Weyer C, Sonoda M, Bogardus C et al.
Increased fat accumulation in liver may link insulin resistance with
subcutaneous abdominal adipocyte enlargement, visceral adiposity, and
hypoadiponectinemia in obese individuals. Am J Clin Nutr 2008; 87: 295-
302.

Kotronen A, Seppala-Lindroos A, Bergholm R, Yki-Jarvinen H. Tissue
specificity of insulin resistance in humans: fat in the liver rather than
muscle is associated with features of the metabolic syndrome.
Diabetologia 2008; 51: 130-138.

Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E,
Tuomilehto J et al. The metabolic syndrome and total and cardiovascular
disease mortality in middle-aged men. JAMA 2002; 288: 2709-2716.

Lebovitz HE, Banerji MA. Point: visceral adiposity is causally related to
insulin resistance. Diabetes Care 2005; 28: 2322-2325.

Lorenzo C, Williams K, Hunt KJ, Haffner SM. The National Cholesterol
Education Program - Adult Treatment Panel Ill, International Diabetes
Federation, and World Health Organization definitions of the metabolic
syndrome as predictors of incident cardiovascular disease and diabetes.
Diabetes Care 2007; 30: 8-13.



31

Maeda N, Takahasi M, Finahasi T et al. PPAR-gamma ligands increase
expression and plasma concentrations of adiponectin, an adipose-
derived protein. Diabetes 2001; 50:2094-2099.

Matsubara M, Maruoka S, Katayose S. Decreased plasma adiponectin
concentrations in women with dyslipidemia. J Clin Endocrinol Metab
2002; 87: 2764-2769.

Matsuzawa Y, Funahashi T, Kihara S, Shimomura |. Adiponectin and
metabolic syndrome. Arterioscler Thromb Vasc Biol 2004; 24: 29-33.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner
RC. Homeostasis model assessment: insulin resistance and beta-cell

function from fasting plasma glucose and insulin concentrations in man.
Diabetologia 1985; 28: 412-419.

Mayerson AB, Hundal RS, Dufour S, Lebon V, Befroy D, Cline GW et al.
The effects of rosiglitazone on insulin sensitivity, lipolysis, and hepatic

and skeletal muscle triglyceride content in patients with type 2 diabetes.
Diabetes 2002; 51: 797-802.

Perseghin G, Lattuada G, De CF, Esposito A, Belloni E, Canu T et al.
Serum retinol-binding protein-4, leptin, and adiponectin concentrations
are related to ectopic fat accumulation. J Clin Endocrinol Metab 2007;
92: 4883-4888.

Petersen KF, Dufour S, Befroy D, Garcia R, Shulman Gl. Impaired
mitochondrial activity in the insulin-resistant offspring of patients with
type 2 diabetes. N Engl J Med 2004; 350: 664-671.

Petersen KF, Shulman Gl. Etiology of insulin resistance. Am J Med 2006;
119: S10-S16.

Rasouli N, Raue U, Miles LM, Lu T, Di Gregorio GB, Elbein SC et al.
Pioglitazone improves insulin sensitivity through reduction in muscle lipid
and redistribution of lipid into adipose tissue. Am J Physiol Endocrinol
Metab 2005; 288(5): E930-E934.



32

Ravussin E. Adiponectin enhances insulin action by decreasing ectopic

fat deposition. Pharmacogenomics J 2002; 2: 4-7.

Ronti T, Lupattelli G, Mannarino E. The endocrine function of adipose
tissue: an update. Clin Endocrinol (Oxf) 2006; 64: 355-365.

Sheng T, Yang K. Adiponectin and its association with insulin resistance
and type 2 diabetes. J Genet Genomics 2008; 35: 321-326.

Taksali SE, Caprio S, Dziura J, Dufour S, Cali AM, Goodman TR et al.
High visceral and low abdominal subcutaneous fat stores in the obese

adolescent: a determinant of an adverse metabolic phenotype. Diabetes
2008; 57: 367-371.

Tanko LB, Bruun JM, Alexandersen P, Bagger YZ, Richelsen B,
Christiansen C et al. Novel associations between bioavailable estradiol
and adipokines in elderly women with different phenotypes of obesity:

implications for atherogenesis. Circulation 2004; 110: 2246-2252.

Teranishi T, Ohara T, Maeda K, Zenibayashi M, Kouyama K, Hirota Y et
al. Effects of pioglitazone and metformin on intracellular lipid content in
liver and skeletal muscle of individuals with type 2 diabetes mellitus.
Metabolism 2007; 56(10): 1418-1424.

Thamer C, Machann J, Tschritter O, Haap M, Wietek B, Dahl D et al.
Relationship  between serum  adiponectin  concentration and
intramyocellular lipid stores in humans. Horm Metab Res 2002; 34: 646-
649.

Third Report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel lll) final report. Circulation
2002; 106: 3143-3421.

Tschritter O, Fritsche A, Thamer C, Haap M, Shirkavand F, Rahe S et al.
Plasma adiponectin concentrations predict insulin sensitivity of both
glucose and lipid metabolism. Diabetes 2003; 52: 239-243.



33

Vamecq J, Latruffe N. Medical significance of peroxisome proliferators-
activated receptors. Lancet 1999; 354:141-8.

Virkamaki A, Korsheninnikova E, Seppala-Lindroos A, Vehkavaara S,
Goto T, Halavaara J et al. Intramyocellular lipid is associated with
resistance to in vivo insulin actions on glucose uptake, antilipolysis, and
early insulin signaling pathways in human skeletal muscle. Diabetes
2001; 50: 2337-2343.

Weiss R, Dufour S, Groszmann A, Petersen K, Dziura J, Taksali SE et al.
Low adiponectin levels in adolescent obesity: a marker of increased
intramyocellular lipid accumulation. J Clin Endocrinol Metab 2003; 88:
2014-2018.

Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE et
al. Hypoadiponectinemia in obesity and type 2 diabetes: close
association with insulin resistance and hyperinsulinemia. J Clin
Endocrinol Metab 2001; 86: 1930-1935.

Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K et al. The
fat-derived hormone adiponectin reverses insulin resistance associated
with both lipoatrophy and obesity. Nat Med 2001; 7: 941-946.

Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S et al.
Adiponectin stimulates glucose utilization and fatty-acid oxidation by
activating AMP-activated protein kinase. Nat Med 2002; 8: 1288-1295.

Yang WS, Jeng CY, Wu TJ et al. Synthetic peroxisome proliferator-
activated receptor-gamma agonist, rosiglitazone, increases plasma
levels of adiponectin in type 2 diabetic patients. Diabetes Care 2002;
25:376-80.

Yki-Jarvinen H. Thiazolidinediones. N Engl J Med 2004; 351: 1106-1118.



8.ARTIGO 1: ADIPONECTIN IS RELATED TO INTRAMYOCELLULAR LIPID
CONTENT IN NON-DIABETIC ADULTS(Journal of Endocrinological
Investigation-2009, no prelo)

34



35



36



37



38



39



40



41



42



43



44



45



46



47



48



49



50



o1



52



53



54



55



56



9.ARTIGO 2: ROSIGLITAZONE DECREASES INTRA TO
EXTRAMYOCELLULAR FAT RATIO IN OBESE NON-DIABETIC ADULTS
WITH METABOLIC SYNDROME (Submetido a publicagéo)

57



58



59



60



61



62



63



64



65



66



67



68



69



70



71



72



73



74



75



76



77



78



79



Journal of Endocrinological Investigation

JOURNAL OF

ENDOCRINOLOGICAL
INVESTIGATION

ADIPONECTIN IS RELATED TO INTRAMYOCELLULAR LIPID
CONTENT IN NON-DIABETIC ADULTS.

Journal:

Journal of Endocrinological Investigation

Manuscript ID:

JEI-00090-2009.R1

Manuscript Type:

Original Paper

Date Submitted by the
Author:

Complete List of Authors:

Godoy-Matos, Amélio; State Institute of Diabetes and
Endocrinology (IEDE)

Bahia, Luciana; State University of Rio de Janeiro, Clinical Medicine
Domingues, Romeu; Multimagem Clinic

Sicuro, Fernando; State University of Rio de Janeiro, Clinical
Medicine

Geloneze, Bruno; University of Campinas (UNICAMP),
Endocrinology

Tambascia, Marcos; University of Campinas (UNICAMP),
Endocrinology; University of Campinas (UNICAMP), Endocrinology
Kraemer-Aguiar, Luiz Guilherme; State University of Rio de Janeiro,
Clinical Medicine

Bouskela, Eliete; State University of Rio de Janeiro, Clinical
Medicine

Keywords:

insulin resistance, adiponectin, intramyocellular lipid content,
metabolic syndrome

& scholarone"

Manuscript Central




Page 1 of 21 Journal of Endocrinological Investigation

1

2

2 ADIPONECTIN IS RELATED TO INTRAMYOCELLULAR LIPID CONTENT IN
5

6 NON-DIABETIC ADULTS.

7

8

‘i o Amélio F. Godoy-Matos® MD

11 Luciana R Bahia" MD, PhD

ig Romeu C. Domingues © MD

14 Fernando Sicuro” PhD

15 Marcos Tambascia ¢ MD, PhD

16 Bruno Geloneze ¢ MD, PhD

17 Luiz G. Kraemer-Aguiar*® MD, PhD

18 Eliete Bouskela® MD, PhD

:zlg Running title: Adiponectin and intramyocellular fat in adults.

21

22 * State Institute of Diabetes and Endocrinology, IEDE, Rio de Janeiro, Brazil.
23

gg °Clinical and Experimental Research Laboratory on Vascular Biology (BioVasc), State
g? University of Rio de Janeiro, Rio de Janeiro, Brazil.

28

29 ‘Multimagem Clinic, Rio de Janeiro, Brazil.

30

g; ¢ Department of Endocrinology, University of Campinas, Sdo Paulo, Brazil.
gi Address for correspondence and reprint requests:

35

36 * Luiz G. Kraemer-Aguiar

37

38 rua Sao Francisco Xavier, 524 — Pavilhdo Reitor Haroldo Lisboa da Cunha, Térreo
39

20 (sala 104).

j; CEP 20550-013 - Rio de Janeiro - RJ — Brazil.

43 Tel. 55-21-2587-7771 / Fax 55-21-2587-7760

44

45 E-mail: gkraemer@ig.com.br

46

47

48

49 Word count : 2662 words (abstract = 227)

50

51

0 3 Tables

53 .

54 2 Figures

55

56

57

58

59


mailto:gkraemer@ig.com.br

©CoO~NOUTA,WNPE

Journal of Endocrinological Investigation

Abstract

Objective: insulin resistance (IR) is associated with intramyocellular lipid (IMCL) content and
low serum adiponectin (ADP) levels and ADP is also involved in muscle fat oxidation.
However, the relationship between ADP and IMCL content is still controversial and in this

study we explored it further in non-diabetic adults.

Design: cross-sectional clinical study.

Subjects: thirty-three adult subjects, 24 obese non-diabetic patients with metabolic syndrome

(MS) and 9 lean healthy controls.

Measurements: Proton nuclear magnetic resonance spectroscopy ('"H-NMRS) was performed
to quantify IMCL content. The latter plus serum ADP, anthropometrics and biochemical

parameters were evaluated and compared in these two groups.

Results: MS patients had higher body mass index, waist, waist-to-hip ratio, glucose, insulin
and triglycerides and lower HDLc compared to controls. HOMA-IR (3.25 [2.58-4.13] vs 1.02
[0.73-1.29]; p<0.0001) and IMCL content (266.1 [189.9-296.3] vs 72.85 [55.3-109.4) AU,
p<0.0001] were higher, and QUICKI (0.32 [0.31-0.33] vs 0.38 [0.37-0.40]; p<0.0001) and ADP
(8.6 [4.05-15.95] vs 21.1 [12.9-24.4] pug/ml; p=0.02) were lower in MS subjects compared to
controls. IMCL content was directly associated to glucose, insulin, triglycerides and HOMA-IR
and inversely to HDLc, QUICKI and, more importantly, to ADP (r = -0.41; p<0.05). Only in the

MS group, ADP partially influenced IMCL content.
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Conclusion: ADP is inversely related to IMCL content in non-diabetic adults. This finding has

possible implications for the role of ADP in muscle fat oxidation, IR and MS.
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Introduction

Insulin resistance (IR) is pathophysiologically linked to obesity, metabolic syndrome
(MS) and type 2 diabetes (1). Of note, the visceral compartment of central body fat is the one
most related to IR (2). However, it is possible to think of an intermediary pathway facilitating fat
deposition in liver and muscle (ectopic fat theory)(3,4). In this way, overflow of an excessive
amount of fatty acids may be deposited as triglycerides at extramyocellular (EMCL) as well as at
intramyocellular (IMCL) compartments, being IMCL lipid content the one intrinsically related to
IR. Indeed, several studies utilizing proton Nuclear Magnetic Resonance Spectroscopy (1H-

NMRS) have confirmed IMCL size as the main IR predictor (5,6).

The adipose tissue is capable of secreting several proteins that act as regulators of glucose
and lipid metabolism. The most abundant of these adipokines is adiponectin (ADP), but in
contrast to most of them, ADP is decreased in states of obesity and IR (7,8). In animals, ADP
increases the expression of genes involved in fatty acid transportation and oxidation (9). More
importantly, administration of ADP increased fat oxidation in muscle, decreased muscle
triglycerides (TG) and ameliorated insulin sensitivity (9). Therefore, a reasonable explanation
for ADP role in insulin sensitivity may be through its relationship to IMCL content. It has
already been demonstrated that ADP is related to IMCL content in adolescents (10,11), although
in adults, specially non-diabetic ones, there are still controversies about this association (12-16).
Thus, we aimed with this study to further investigate the relationship between ADP and IMCL

content in an adult non-diabetic population.
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Subjects and Methods

This is a cross-sectional study. Patients from both sexes fulfilling the diagnostic of MS
according to NCEP-ATPIII criteria (17) and with body mass index (BMI) of at least 30 kg/rn2
were included. Subjects with fasting or 2 hours impaired glucose tolerance, according to
American Diabetes Association criteria(18) were also allowed to participate. Patients with
diabetes, smoking and previous cardiovascular, kidney or liver diseases were excluded. In respect
to dyslipidemia, those with total cholesterol > 260 mg/dl, triglycerides > 400 mg/dl or taken
drugs known to affect glucose or lipid metabolism were excluded. No hypertensive patient,
defined according to JCN-7 (19), was on use of angiotensin converting enzyme blockers,
angiotensin II antagonists or B-blockers. In order to avoid interference on fat deposition, patients
and controls were advised to maintain their usual diet and life style and had to be in a stable
weight for 3 months before initiating the study (no gain or loss of more than 2 kg during this
period). The control group included healthy volunteers with BMI<25 kg/m% not in use of any
medication and non-smokers. All patients were selected during their first visit (screening) to the
Cardiometabolic Clinic for Outpatient Care of the State University of Rio de Janeiro. Healthy,
lean volunteers were enrolled as a control group, recruited among medical students from the State
University of Rio de Janeiro.

Therefore, 33 adults were included in this study. Twenty-four were non-diabetic obese
MS patients, 16 females and 17 males, being 54.2% (n=13) of them with hypertension and/or
glucose intolerance, age 41.5 (35-50) years and mean BMI 37.4 (31.5-42.5) kg/rnz. The control
group had 9 subjects, 6 females and 3 males, age 23.0 (23-27) years and mean BMI 20.6 (20.4-

21.4) kg/mz. Clinical and laboratory parameters of both groups are shown on table 1.
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Anthropometric measurements and blood pressure

BMI was calculated dividing weight (in kilograms) by squared height (in meters). Waist
circumference was obtained measuring the narrowest point midway between the iliac crest and
the lower costal margin. Hip circumference was measured at the largest diameter of the gluteal
region. Waist-to-hip ratio (WHR) was determined dividing the waist circumference by the hip
circumference. Supine blood pressure was measured twice after a 15-min rest using an automatic

sphygmomanometer (Multiparameter patient monitor - Lifewindow LW6000, USA).

Assessment of insulin sensitivity and biochemical analysis

All patients underwent an oral glucose tolerance test using 75 g anhydrous glucose. The
2-hour blood glucose test was used to classify glucose tolerance. Patients with type 2 diabetes
mellitus (T2DM) were excluded. Fasting plasma glucose (FPG), total cholesterol, triglycerides
(TG) and HDL-cholesterol (HDLc) were measured by enzyme-colorimetric GOD-PAP
automated method (Modular Analytics PP, Roche). LDL-cholesterol was calculated by Friedwald
equation. Plasma insulin was measured by automated chemoluminiscence (coefficient of
variation — CV=4.68%). Blood samples were centrifuged and stored at -70°C for further analysis
of ADP by Human Serum Adipokine using ELISA (panel A, Lincoplex kit CAT- HADK1-61K-
A, Linco Research-St Charles, Missouri, USA). Sensitivity and intra and inter-assay CVs were
145.4 pg/ml, 6.11% and 13.2%, respectively. Adiponectin was not measured in 3 out of 9
controls and in 4 out of 24 MS patients. HOMA-IR and QUICKI indexes were calculated to

assess insulin resistance (20,21).

Assessment of muscle lipids
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After an overnight fast, proton nuclear magnetic resonance spectroscopy ("H-NMRS) of
the right soleus muscle was performed using a 1.5T MR Scanner (Magneton Vision, Siemens,
Erlangen, Germany). Subjects were instructed to avoid strenuous physical exercise for at least 2
days before the exam, and during the exam, they were positioned in supine position with their
right lower leg in the center of the coil. As such, the tibia was oriented nearly parallel to the static
magnetic field. The coil center was about 10-15 cm below the knee joint. The volume of interest
(13x13x30 mm3) was centered within the soleus muscle, placed to avoid vascular structures and
gross adipose tissue deposits. Spectra were acquired by PRESS (point resolved spectroscopy)
sequence with the following parameters: echo time 135 ms, repetition time 1600 ms and 256
scans with water suppression. The IMCL content was calculated from the peak areas of IMCL
CH, (methylene) between 1.2 and 1.3 ppm. The extramyocellular lipid content (EMCL) was
calculated from EMCL CH,; between 1.4 and 1.5 ppm. The creatin signal between 2.9 and 3.1

ppm served as an internal reference for quantification of IMCL and EMCL contents.
Statement of Ethics

This study was approved by the Ethics Committee of the Pedro Ernesto University
Hospital of the State University of Rio de Janeiro and all subjects gave their written informed
consent. The authors certify that all applicable and governmental regulations concerning the

ethical use of humans were followed during this research.

Statistical Analysis
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Data non-normally distributed were expressed as median (1% — 3", Comparisons
between groups were made by Yates corrected Qui squared and Mann-Whitney test, as
indicated. ADP and IMCL were Log transformed and associations between these variables and
anthropometrical/metabolic parameters were performed by Spearman correlation analysis.
Despite non-normally distributed data, multiple regression analysis was done by stepwise
backward procedure as data mining, testing IMCL content (log transformed) as dependent

variable. Significant differences were assumed to be present at p<0.05.

Results

Metabolic, anthropometrics and muscle lipids content parameters in controls and MS

patients

As reported on Table 1, MS patients had significant differences for all studied parameters
compared to controls: higher BMI, waist, WHR, glucose, insulin and TG and lower HDLc.
Markers of insulin resistance like HOMA-IR [3.25 (2.58-4.13) vs 1.02 (0.73-1.29)] and
QUICKI [0.32 (0.31-0.33) vs 0.38 (0.37-0.40)] were also significantly different for MS patients

(p<0.0001).

Circulating plasma ADP level was lower [8.6 (4.05-15.95) vs 21.1 (12.9-24.4) pg/ml;
p=0.02] and IMCL content higher [266.1 (189.8-296.3) vs 72.85 (55.3-109.4) AU, p<0.0001] in

MS patients compared to controls (figures 1 a and b).

Adiponectin, muscle lipid content and clinical-laboratorial relationships in controls and

MS patients
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All controls and MS subjects were subjected to "H-NMRS. ADP (log transformed) levels
were inversely related to weight (r = -0.42; p<0.05) and according to fat distribution, also
inversely related to waist and WHR (r = -0.42; p<0.05 and r = -0.48, p<0.05, respectively) but not
to hip circumference (Table 2). Concerning to metabolic parameters, ADP (log transformed) was
negatively related to insulin, HOMA-IR, TG and positively related to QUICKI and HDLc (Table
2). IMCL content (log transformed) was directly associated with weight and BMI (r = 0.74;
p<0.001 and r = 0.63; p<0.001, respectively). More importantly, it was positively associated to
central fat deposition, measured by waist and WHR (table 2).

IMCL content was also related to almost all biochemical and metabolic variables, as
demonstrated on table 2. It was directly associated with FPG, insulin, TG and inversely with
HDLc. As expected, there was a strong relationship between IMCL content and markers of IR
(HOMA and QUICKI), as well as between ADP and IMCL content (r = -0.41; p<0.05; figure 2).
Exclusively within MS patients, we observed associations between Log IMCL and weight (r =
0.50, p < 0.05), waist (r = 0.56, p < 0.01) and WHR (r = 0.51, p < 0.05) and also with LDL-

cholesterol (r =-0.46, p < 0.05) and total cholesterol (r = -0.45, p < 0.05).

In the pooled group, only waist influenced levels of IMCL content (Beta = 0.96; adjusted
R*=0.61, p<0.001), even when patients older than 40 years were excluded (Beta = 0.74; adjusted
R” = 0.53, p<0.001). Solely in MS group, BMI, WHR, hip, FPG, QUICK and LDL-cholesterol
influenced IMCL content, although not independently of ADP levels. Therefore, 62% (table 3) of

IMCL variation was explained by those cited variables and partially by ADP levels.
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Discussion

Our main finding was an inverse relationship between ADP and IMCL content in non-
diabetic adults. Weiss and co-workers in an adolescent population (10) have already observed a
similar relationship. In their study, however, this relationship was stronger only in the obese
group, suggesting that it was more prominent above a certain threshold of IMCL content. Such
findings have also been observed by others showing a strong negative association between ADP
and IMCL content only in the obese group, without any relationship in lean subjects (12). Our
data on non-diabetic adults did not reproduce these findings, and instead when the sample was
homogenized to include only non-diabetic MS adults, all of them obese patients, the association
between ADP and IMCL content did not become more significant. This could be explained by
age differences (22) and/or possible selection of patients strictly according to MS criteria. In
accordance with our own data, it was noticed that independently of obesity measurements, ADP
was negatively correlated with IMCL content, but only in the oxidative soleus muscle and not in
the non-oxidative tibialis anterior one, suggesting a role for ADP on lipid oxidation (13). On the
other hand, Furler and co-workers could not find a simple correlation between cited variables
(15). However, when they modeled IMCL content as a fully factored function of ADP level and
adiposity, a strong relationship appeared between them. Curiously, the model predicted an
inverse relationship only in lean subjects but a direct one in obese ones. These authors studied a
cohort of men only with a broad range of adiposity, whereas we studied subjects of both sexes.
Recently, Perseghin and co-workers (23) also studied the relationship between adipokines and
ectopic fat accumulation in young adults, non-obese, offsprings of T2DM parents and showed
that serum leptin strongly correlated with IMCL content, but ADP and retinol binding protein-4

(RBP4) showed only a weak trend, which somehow confirms our findings. However, only leptin

10
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and RBP4, but not ADP, predicted IMCL content according to them (23). On a similar
viewpoint, in non-diabetic adults, it was observed that lower ADP occurred mainly in subjects
with higher liver fat content rather than in those with higher muscle fat content (16), in
accordance with findings that associated increased fat accumulation in the liver, and not in the
muscle, with hypoadiponectinemia (14). Differences in studied populations could partially
explain observed controversial associations. Taken together, two studies in children (14) and
two in adults (including the present study), suggested an inverse relationship between ADP and
IMCL, whereas three others (14) could not confirm such a relationship. This clearly warrants

more research.

This study confirms many aspects of metabolic disarrangement in MS patients. One
notable finding was that in non-diabetic MS patients, serum ADP was less than half the level
found in the healthy group. In respect to anthropometrical variables, ADP was inversely related
to weight but more importantly, it was strongly associated with measurements of central
adiposity, as waist and WHR. Some studies have associated low ADP levels to central adiposity.
Indeed, by means of densitometry evaluation, Tanké and co-workers (24) demonstrated that the
ADP level was decreased in centrally obese women, compared to peripherally or even
generalized obese counterparts. Metabolically, visceral fat is the key component of central
adiposity and an independent predictor of ADP levels (25). In this way, men with similar BMI
but with higher visceral fat exhibited reduced ADP levels compared with those with low
visceral fat accumulation (25). Several groups have demonstrated diminished levels of ADP in
patients with obesity, IR or T2DM (8,25,26). More importantly, ADP has been inversely related
to all features of the MS cluster (8,26,27) and directly to HDL-c (27). Therefore, our findings

are entirely in agreement with the literature.

11
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We measured the IMCL content by 'H-NMRS and demonstrated that it was increased in
MS patients and associated with observed metabolic abnormalities. In the same way, IMCL
content was associated to central fat deposition, measured by waist and WHR. According to the
ectopic fat deposition theory, in obesity muscle and liver fat deposition could be due to a partial
incapacity of fat storage into the adipose tissue (3,28). Adipocytes from central body regions are
larger and less proliferative than ones from peripheral regions; therefore, central obesity would be
a putative model to increased fat shunt from central adipose tissue to liver and muscle deposition.
In fact, the relationship between visceral fat and liver fat content measured by MRI has already
been demonstrated (29) but the existence of a direct relationship between visceral and muscle fat
deserves further investigation.

Previous studies have demonstrated that IMCL content is directly related to IR in muscle
(5,6). In our study, surrogate markers of IR were also significantly related to IMCL content in
agreement with previous findings. IMCL content was also linked to almost all biochemical and
metabolic measurements.

The relationship between ADP and IMCL content has capital importance as it could
explain many metabolic alterations behind IR, MS and T2DM. As discussed previously, IMCL
content is intrinsically associated to IR. This association has been partially attributed to a
decrement in insulin-stimulated activity of IRS-1 phosphorylation (30). In animal models of
increased IMCL content and IR, however, ADP infusion decreased muscle triglyceride and
recovered insulin signal transduction by increasing insulin-induced tyrosine phosphorylation of
insulin receptor and IRS-1 phosphorylation (9). To understand the complex relationship
between decreased rates of mitochondrial oxidative phosphorylation and increased IMCL

content, recent new avenues of investigation have been opened, related to decreased rate of

12
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mitochondrial ATP synthesis, expressing mainly mitocondrial dysfunction (31) and also novel
pathway mechanisms in skeletal muscle (32) by which ADP would quantitatively and
functionally increase mitoconchondrial function, finally exerting its anti-diabetic effects.

Limitations of our study warrant mention. We only studied lean healthy adults as a control
group and the lack of another group of obese subjects without MS would probably empower our
results. Unfortunately, ADP was not tested in 3 controls and 4 patients due to problems with
sample collection, what limits our conclusions. Ideally, groups should be matched for age and
gender and this was not the case in this study. Our study is descriptive in nature and its cross-
sectional design does not allow us to infer a causal relationship to establish definitive
conclusions.

In conclusion, data of this study adds to a contradictory literature and is in agreement with
an inverse relationship between ADP and IMCL, so pointing to a suspected and probable role of

ADP in muscle fat oxidation.
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Titles and legends to figures

Figure 1: a- ADP in MS patients and controls; b- IMCL content in MS patients and controls

Figure 2: Correlation between ADP (log transformed) and IMCL content (log transformed).
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Tablel: Clinical and laboratory parameters of investigated subjects.

CONTROLS MS p
n=9 n=24

Gender (female/male) 6/3 16/8 NS
Age (years) 23.0 [23-27] 41.5 [35-50] <0.001
BMI (kg/height?) 20.6 [20.4-21.4] 37.4[31.5-42.5] <0.0001
Waist (cm) - males 71.0 [68-84] 105.5 [99-116.5] <0.001
Waist (cm) - females 64.0 [64-68] 106 [99.5-111.5] <0.001
WHR - males 0.81 [0.71-0.82] 1.00 [0.94-1.1] <0.01
WHR - females 0.71 [0.70-0.71] 0.91 [0.86-0.96] <0.01
FPG (mg/dl) 82.0 [72-86] 96.5 [86.5-109.0] <0.001
Insulin (nUI/ml) 4.9 [4.4-5.8] 13.9[11-18.4] <0.0001
HOMA-IR 1.02 [0.73-1.29] 3.25[2.58-4.13] <0.0001
QUICKI 0.38 [0.37-0.40] 0.32 [0.31-0.33] <0.0001
Total cholesterol (mg/dl) 165.0 [144-174] 207.5 [177.5-239.0] <0.001
HDL cholesterol (mg/dl) J 53.0 [45-63] 3 40.0 [37.5-43.5] <0.05

Q 61.0 [51-81] Q 44.0 [37-47.5] 0.01
LDL cholesterol (mg/dl) 80.0 [72-110] 128.0 [109.5-163.0] <0.001
Triglycerides (mg/dl) 57 [48-77] 187.5 [107.5-216.0] <0.0001
Adiponectin (ug/ml) 21.1[12.9-24.4] 8.6 [4.05-15.95] <0.05
LogAdiponectin 1.36 [1.28-1.39] 0.93 [0.61-1.20] <0.05
IMCL (AU) 72.85[55.3-109.4]  266.1 [189.8-296.3] <0.0001
LogIMCL 1.86 [1.74-2.04] 242 [2.28-2.47] <0.0001

MS = Metabolic Syndrome, WHR = waist-to-hip ratio

Data are expressed by median [1* - 3" quartiles].

17



©CoO~NOUTA,WNPE

Journal of Endocrinological Investigation

Table 2: Correlations between adiponectin (log transformed), IMCL content (log transformed),

anthropometrical and metabolic parameters in adults.

Anthropometrics LogADP LogIMCL
Parameters

Weight -0.42" 0.74%
BMI 0.24 0.63%
Waist 0.42° 0.76%
Hip -0.23 0.547
Waist-to-hip ratio -0.48" 0.71%
Metabolic Parameters

FPG 0.01 0.43"
Insulin -0.55¢ 0.55%
HOMA-IR -0.50F 0.59%
QUICKI 0.517 -0.58%
Total cholesterol -0.08 0.21
LDL-cholesterol -0.14 0.22
HDL-cholesterol 0.54% 047"
Triglycerides -0.52F 0.49%

Data expressed as R. ' p < 0.05.

p <0.01.

p < 0.001.
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Table 3: Multiple regression analysis in MS patients considering IMCL content (log transformed) as

dependent variable.

Journal of Endocrinological Investigation

Model B P Adjusted R* P
BMI -1.07 0.003 0.62 0.03
Hip 2.32 0.02

WHR 2.01 0.007

FPG -0.69 0.03

QUICKI -1.12 0.006

LDL-cholesterol -1.59 0.006

LogADP 0.93 0.006
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Abstract

Background: insulin resistance is intrinsically related to intramyocellular (IMCL) rather
than extramyocellular (EMCL) triglyceride content. Conflicting results have been
reported on the ability of insulin sensitizer agents, such as thiazolidinediones, to modify
muscle fat distribution. The aim of this study was to investigate the role of rosiglitazone
(RSG) on muscle fat compartment distribution in an adult population of obese non-
diabetic metabolic syndrome patients.

Patients and Methods: fifteen obese, non-diabetic, metabolic syndrome patients were
studied by means of 'H Nuclear Magnetic Resonance ('H-NMRS) before and after
treatment with 8mg/day of RSG for 6 months. Anthropometrical and metabolic variables
were assessed.

Results: After RSG, body weight and hip circumference increased [100.9 (91.12-138.7)
vs 107.0 (79.6-142.8) kg and 118 (107-126) cm vs 122 (110-131) cm]; while waist-to-hip
ratio (WHR) decreased from 0.93 (0.87-1.00) to 0.89 (0.82-0.97) (p<0.001 for all).
Additionally, fasting plasma glucose, insulin and HOMA-IR significantly decreased while
adiponectin increased over 3 fold [9.7 (3.7-17.7) vs 38.0 (19.3-42.4) ug/ml] without any
changes on resistin. Finally, IMCL did not change [267.54 (213.94-297.94) vs 305.75
(230.80-424.75) arbitrary units (AU), p=0.15] while EMCL increased [275.53 (210.39-
436.66) vs 411.39 (279.92-556.59) AU; P<0.01] therefore decreasing IMCL to EMCL
ratio (IMCL/EMCL) [1.07 (0.78-1.23) vs. 0.71 (0.53-0.96); p<0.01].

Conclusion: RSG treatment increased body weight and hip circumference decreasing
WHR. More importantly, it decreased IMCL/EMCL ratio by increasing EMCL without any
significant change on IMCL.

Key words: insulin resistance, metabolism, drug treatment.
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Introduction

The metabolic syndrome (MS) is considered as a highly prevalent and important
clinical entity related to type 2 diabetes (DM2) and cardiovascular risk [1-5]. Formerly, it
was also known as insulin resistance syndrome, due to the seminal importance of insulin
resistance (IR) as its main pathophysiological basis. IR may, however, be bystander of
more complex mechanisms involving visceral obesity, ectopic fat deposition and
dysfunctional adipose tissue [6]. Liver and muscle fat deposits are the main sites for IR-
related pathophysiology [7].

Overflow of an excessive amount of fatty acids could be deposited as
triglycerides at extramyocellular (EMCL) as well as at intramyocellular (IMCL)
compartments, being IMCL one intrinsically related to IR. Indeed, several studies
utilizing "H Nuclear Magnetic Resonance (‘H-NMRS) spectroscopy have confirmed the
size of IMCL as the main IR predictor [8,9].

The adipose tissue is now considered as a dynamic endocrine organ, producing
several proteins (adipokines). Among them, adiponectin (ADP), an adipokine almost
exclusively produced by the adipose tissue, is directly related to insulin sensitivity [10-12]
and to IMCL fat deposition in obese adolescents [13]. We as well as other authors have
recently demonstrated an inverse relationship between IMCL size, but not EMCL, and
ADP in adults. [14,15].

Thiazolidinediones, insulin sensitizer agents acting as peroxisome proliferator-
activated receptor-y (PPAR- y) agonists, may decrease circulating fatty acids and
ameliorate fat distribution, including liver fat reduction [16]. In culture of muscle cells
from diabetic patients it has been demonstrated that troglitazone, formerly marketed

PPAR-y agonist, increased fatty acid oxidation [17] potentially reducing intramyocellular

Page 4 of 21



Page 5 of 21

©CoO~NOUTA,WNPE

Diabetic Medicine

triglycerides. Therefore, a plausible mechanism for its action as insulin sensitizer may be
through reduction on muscle fat deposition. Few studies in humans have looked at this
subject and their results are somehow conflicting, showing increases in EMCL after
rosiglitazone (RSG) [18], decreasing levels in IMCL after pioglitazone and metformin [19]
and finally, decrements in IMCL after pioglitazone, but not after metformin
[20].Therefore, it is possible that some methodological differences may have contributed
to reported results.

Therefore, our aim was to investigate if RSG used for a longer period of time in a
group of non-diabetic, MS patients, not in use of drugs acting on carbohydrate pathway,

would influence muscle fat distribution.

Patients and Methods

Sixteen obese adults (BMI 38.0 + 5.7 kg/m?; aged 41.4 + 8.7 years; 11 females),
MS patients, defined by NCEP-ATPIII [21] were selected at Cardiometabolic Clinic for
outpatient care of the State University of Rio de Janeiro. RSG in a dose of 8mg QAD
was administered to all volunteers for a 6 months period. In order to avoid interference
on fat deposition, they were advised to maintain their usual diet and life style throughout
the study.

Exclusion criteria included diabetes, smoking and previous cardiovascular,
kidney or liver diseases. Patients taken drugs known to affect glucose or lipid
metabolism were excluded. All subjects gave their written informed consent and the local

Ethical Committee approved the protocol.

Anthropometric measurements and blood pressure
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Height, weight, waist and hip circumferences, as well as blood pressure were
collected by the same trained examiner as previously reported [22]. Body mass index

(BMI) was defined as the ratio between weight in Kg and squared height in meters.

Waist circumference was obtained by measuring the narrowest point midway
between the iliac crest and the lower costal margin. Hip circumference was measured at
the largest diameter of the gluteal region. Waist-to-hip ratio (WHR) was determined by
dividing the waist by the hip circumference. Supine blood pressure was measured twice
after a 15-minute rest using an automatic sphygmomanometer (Multiparameter patient

monitor - Lifewindow LW6000, USA).

Assessment of insulin sensitivity and biochemical analysis

All patients underwent an oral glucose tolerance test using 75g anhydrous
glucose. Results were used to classify glucose tolerance state. As stated before,
patients with type 2 diabetes mellitus were excluded, but those with impaired glucose
tolerance (IGT) were allowed to participate. Blood samples were collected after 12-hour
overnight fasting. All laboratory measurements were performed in duplicate using an
automated method (Modular Analytics PP, Roche, Basel, Switzerland). Fasting plasma
glucose (FPQ), total cholesterol, triglycerides (TG) and high-density lipoprotein (HDL)
cholesterol were measured respectively, by enzyme-colorimetric GOD-PAP (inter-assay
coefficient of variation (IECV) = 1.09%;), enzymatic GPO-PAP (IECV = 2.93%),
enzymatic GPO-PAP (IECV = 1.29%) and enzyme-colorimetric without pre-treatment
(IECV = 3.23%). Plasma low-density lipoprotein (LDL) cholesterol was calculated
according to Friedwald equation. Fasting plasma insulin was measured by automated
chemoluminiscence (IECV 4.68%). Fibrinogen (IECV = 4.33%) and high-sensitivity C-

reactive protein (CRP) (IECV = 2.66%) were measured respectively by coagulometric
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and imunoturbidimetry methods on modular Analytics P (ROCHE®). Blood samples were
centrifuged and stored at —70°C for further analysis of adipokines. Adiponectin, resistin
and PAI-1 were measured by Human Serum Adipokine (panel A, Lincoplex kit CAT,
HADK1, 61K-A, Linco Research, St. Charles, MO, USA). Intra and inter-assay CVs were
6.11 and 13.2, 7.26 and 9.12, 4.37 and 20.8%, respectively [22]. HOMA-IR [23] and

QUICK [24] were calculated to assess insulin resistance.

Assessment of muscle lipids

After an overnight fast, 'TH-NMRS of the right soleus muscle was performed using
a 1.5T MR Scanner (Magneton Vision, Siemens, Erlangen, Germany). Subjects were
instructed to avoid strenuous physical exercise for at least 2 days before the exam. They
were positioned in supine position with their right lower leg at the center of the coil. Thus,
the tibia was oriented nearly parallel to the static magnetic field. The coil center was
about 10-15 cm below knee joint. Volume of interest (13x13x30mm®) was centered
within the soleus muscle and placed to avoid vascular structures and gross adipose
tissue deposits. Spectra were acquired by PRESS (point resolved spectroscopy)
sequence with the following parameters: echo time 135 OR 270 ms, repetition time 1600
ms and 128 OR 256 scans with water suppression. IMCL content was calculated from
peak areas of IMCL CH2 (methylene) between 1.2 and 1.3 ppm. EMCL was calculated
from EMCL CH2 between 1.4 and 1.5 ppm. The creatin signal between 2.9 and 3.1 ppm

served as an internal reference for IMCL and EMCL quantification.

Statistical Analysis

All data group are reported as median [12 - 3 quartiles], unless otherwise stated,

and were analyzed by Prism 4.01 (Graphpad Inc., San Diego, CA, USA). The pooled
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group was divided into two subgroups, according to quartiles of weight gain. Comparison
r within group at baseline and after treatment period was performed using Wilcoxon

matched pair test. Significant differences were assumed to be present at p<0.05.

Results

After six months, fifteen patients ended the treatment period and had 'H-NMRS
performed. Therefore, data included are for those who completed the whole study
protocol.

Table 1 depicts data for all patients included in the final analysis. After 6 months
of RSG treatment there was a significant increase in weight, BMI and hip circumference
without changes on waist circumference. Consequently, WHR decreased after treatment
[0.93 (0.87-1.0) vs 0.89 (0.82-0.97); p<0.001].

Changing patterns of muscle triglyceride distribution after RSG was our main
objective. In accordance with this view, IMCL fat content did not change but EMCL
significantly increased (table 1). There was also an important increase in body weight
and the pooled group was subsequently divided into higher (4" quartile; i.e. = 4.1kg) and
lower weight gainers during treatment. Once again, even in those who gained more than
4.0kg there was no increase on IMCL (figure 1). In contrast, EMCL significantly
increased on both groups. IMCL to EMCL ratio (IMCL/EMCL) was then calculated in the
pooled group at baseline and after treatment. This ratio significantly decreased after
RSG [1.07 (0.78-1.23) vs. 0.71 (0.53-0.96); p<0.01 — figure 2]. All studied variables
related to carbohydrate metabolism showed a consistent modification, where FPG,
insulin and HOMA-IR decreased and QUICKI increased. Adiponectin increased over 3
fold above basal level [9.7 (3.7-17.7) vs. 38.0 (19.3-42.4) ug/ml; (p<0.001)] while resistin

levels were kept unchanged (table 1). Lipid profile demonstrated a slight increment in
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total and LDL-cholesterol, but HDL-cholesterol and triglycerides did not change (table 1).
Finally, a significant ~70% reduction in CRP level was achieved [1.0 (0.5-2.3) to 0.3 (0.2-
0.5) mg/dl; p<0.0001], while fibrinogen, but not PAI-1, slightly decreased (table 1).

RSG was well tolerated and only one patient presented minor pre-tibial edema. In

fact, weight gain was the major side-effect noticed.

Discussion

The main finding of this study was an increase in fat deposition in the
extramyocellular muscle compartment after 6 months of treatment with an agonist of the
peroxisome proliferator-activated receptor-y (PPAR-y), RSG. However, this was not
observed at the intramyocellular compartment where triglyceride content was kept
unchanged. Therefore, the ratio IMCL/EMCL significantly decreased (figure 2). Although
augmentation of fatty acid disposal in skeletal muscle from diabetic patients has been
demonstrated in vitro [17], potentially reducing intramyocellular triglyceride content,
clinical studies in humans have shown contradictory results. Indeed, Mayerson and co-
workers [18] studying diabetic patients under RSG for only three months could not
demonstrate any improvement on IMCL content. Instead, a 39% increase in EMCL was
achieved. Their results are in accordance with our findings, i.e. a 49.3% increase on
EMCL content. In contrast to the present study, there was no weight gain by their group.
Due to massive weight gain achieved by our patients, they were divided into those who
gained 4.1kg or more (4™ quartile of weight gain) and those who did not. It was then
noticed that IMCL did not change substantially on either group while EMCL did, even in
those who gained less than 4.1kg eliciting a significant decrease of the ratio IMCL/EMCL
(figure 2). One study in Zucker fat rats also showed similar results of RSG, i.e. a

decrease on IMCL/EMCL ratio [25].
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Teranishi and co-workers [19], succeeded in demonstrating a decreased IMCL
fat content after pioglitazone or metformin in a group of type 2 diabetic patients. In
contrast to our study, however, patients on pioglitazone did not increase weight and a
slight decrease was observed in the metformin group. This may suggest that lifestyle
modification, including exercises and dietary changes, implemented before and
maintained during the intervention period, as stated by the authors, influenced their
results. Rasouli and co-workers [20] used muscle biopsy rather than 'H-NMRS in a
group of glucose intolerant otherwise healthy subjects treated with pioglitazone or
metformin for 10 weeks. There was a 34% decrease on IMCL with pioglitazone but no
change within the metformin group. A modest increase in body weight (2.63 £ 0.65 kg)
was accompanied by a decrease in visceral-to-subcutaneous fat ratio. Therefore,
differences in methodology (muscle biopsy), in weight changes, periods of treatment or
even in drug characteristics may explain our contradictory results.

A few possible interpretations can be raised from the present findings i) the
excess fat was shunted to extramyocellular compartment which may behave as
peripheral adipocytes accumulating triglyceride under thiazolidinediones [18]; ii) the
excess fat eventually driven into intramyocellular compartment have been oxidized by
PPAR-y activation [20] or iii) fat diversion from ectopic lipid deposits into the
subcutaneous one [18,20,26,27]. Moreover, RSG therapy increases adipocyte sensitivity
to insulin thus decreasing peripheral fat lipolysis [18]. In accordance, in our group of
patients, the massive increase of body weight was accompanied by modification on
indirect measures of body fat distribution, namely an increase on hip circumference and
a decrease in WHR.

In animals, ADP increases expression of genes involved on fatty acid
transportation and oxidation, like acyl-CoA oxidase, CD36 and uncoupled protein [28].

More importantly, administration of ADP increased fat oxidation in muscle, decreased
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muscle triglycerides (TG) and ameliorated insulin sensitivity [28]. Thiazolidinediones
activate adenosine monophosphate—activated protein kinase (AMPK) and increase
serum concentration of adiponectin, that also activates AMPK in both muscle and liver
[28,29]. The adiponectin level substantially increased during our experiment and could
be responsible for an increased muscle fat oxidation. However, as IMCL fat content did
not decrease, such relationship could not be demonstrated. Moreover, there was no
correlation between IMCL/EMCL ratio decrement and adiponectin increment (data not
shown).

Regarding the modification of the entire profile of metabolic variables, such as
FPG, insulin, HOMA-IR, QUICK and fibrinogen, as well as of an inflammatory marker
(PCR) and the lipid profile, this study is entirely in accordance with the spectrum of
action of thiazolidinediones [16]. It is noteworthy that even in an experimental free living
situation, where patients gained substantial amount of weight, treatment with RSG
modified all those markers of insulin sensitivity into the right direction while ameliorating
inflammatory markers. This may be understood as a result of a favorable fat deposition,
as suggested by the observed increase of body weight and hip circumference while
decreasing WHR. Accordingly, in type 2 diabetic patients, RSG decreased insulin
resistance while increasing leptin, a marker of total body fat. Interestingly, increase on
maximum subcutaneous fat thickness after RSG, measured by sonography, correlated
positively with leptin augmentation and negatively with HOMA-IR [30]. Taken together,
amelioration of metabolic parameters may be understood as a result of decreased IR
secondary to peripheral fat deposition.

This study has a number of limitations: i- ideally, when a drug intervention is
tested, a control, placebo-treated group should be included. However, in such a group of
MS patients this could not be performed. However, the robust amelioration observed in

the majority of metabolic parameters, adiponectin and CRP, as well as a remarkable



©CoO~NOUTA,WNPE

Diabetic Medicine

(235%) improvement in endothelial function previously published in the same group [22]
support such assumption. Additionally, a before-and-after approach means that the
treated group served as their own control. Finally, our data should be viewed restrictly to
the population studied due to the small sample size, tested by non-parametric methods.
ii- Our patients gained a huge amount of weight, beyond what could be expected by
RSG treatment. Therefore, an isocaloric diet could have minimized the weight gain.

This study has also a number of advantages. This is the longest (6 months) study
among those looking at TZD intervention and muscle fat. We also investigated a
homogeneous population of obese MS adults, not using drugs that could interfere with
glucose or fat metabolism.

In conclusion, in a group of obese non-diabetic metabolic syndrome patients,
treatment with RSG for six months increased body weight but improved several
metabolic and inflammatory markers and decreased IMCL to EMCL ratio by increasing

extramyocellular without affecting intramyocellular fat compartment.
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Figure 1: Intra (IMCL) and Extramyocellular (EMCL) lipid content at baseline and after
six months of rosiglitazone treatment (post-treatment) divided according to weight gain

during follow-up.

Figure 2: Intra (IMCL) to Extramyocellular (EMCL) ratio decrement after rosiglitazone

treatment in non-diabetic obese adults with metabolic syndrome.
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1

2

2 Table 1: Clinical and laboratory parameters of investigated subjects.

2 Baseline After RSG treatment
; Weight (Kg) 100.9[91.12-138.7] 107,0 [79.6-142.8]***
io BMI (Kg/m?) 38.1[32.8-44.3] 38.4 [34.6-48.4]***

% Waist (cm) 106.0 [98.0-112.0] 109.0 [101.0-114.0]
1‘5‘ Hip (cm) 118 [107-126] 122 [110-131]*

i? WHR 0.93 [0.87-1.00] 0.89 [0.82-0.97]***

18 FPG (mg/dl) 103 [95-109] 94 [84-101]*

gz Insulin (uUl/ml) 14.6[10.6-20.3] 9.0 [7.2-12.8]***

gi HOMA-IR 3.30 [2.47-4.37] 2.00 [1.61-3.16]

32 QUICKI 0.320 [0.307-0.333] 0.343 [0.321-0.355]***
% Systolic BP (mmHg) 141 [127.5-170] 134 [128.5-157.5]

§§ Diastolic BP (mmHg) 85 [80-95] 83 [79.5-90]

gg Total Cholesterol (mg/dl) 190 [172-233] 199 [190-265]**

o LDL-cholesterol (mg/d) 116 [95-163] 134 [122-183]"*

2? HDL-cholesterol (mg/dl) 43 [37-46] 44 [35-48.5]

gg Triglycerides (mg/dl) 175 [98-211] 151 [119-211]

%2 C-reactive protein (mg/dl) 1.0[0.5-2.3] 0.3 [0.2-0.5]***

ji Fibrinogen (mg/dl) 303.9 [254.2-364.0] 265.0 [209.7-296.5]*
P Adiponectin (png/mi) 9.7 [3.7-17.7] 38.0 [19.3-42.4]

j; PAI-1 (ng/ml) 23.8[21,2-28.1] 22.5 [20.60-24.7]

gg Resistin (ng/ml) 17.3[17.2-18.2] 17.1[16.9-17.8]

gé EMCL (AU) 275.53 [210.39-436.66] 411.39 [279.92-556.59]**
gg IMCL (AU) 267.54 [213.94-297.94] 305.75 [230.80-424.75]
> RSG, rosigiitazone; *P< 0.05 *P<0.01 **P<0.001
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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