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RESUMO

As alarmantes estatisticas mundiais sobre a incidéncia de obesidade e diabetes
mellitus tipo 2 (DM?2) associadas aos seus indices de avango ja considerados epidémicos
permitem classificd-los como alguns dos mais desafiadores problemas de saide publica da
atualidade.

A obesidade representa um dos principais fatores de risco para o desenvolvimento
da resisténcia a insulina e DM2 e o solo comum entre estes eventos encontra-se em um
processo inflamatdrio sist€mico exacerbado, caracterizado por uma producdo anormal de
citocinas proé-inflamatérias e proteinas de fase aguda. Além de contribuem para o
desenvolvimento de dislipidemia, hipertensdo arterial, obesidade e aterosclerose,
mediadores inflamatérios atuam como moduladores negativos da acdo da insulina
principalmente através da ativacdo de proteinas intracelulares serina quinases, como JNK e
IKKp, que prejudicam a transdugdo do sinal desencadeado pela ligagcdo da insulina ao seu
receptor celular.

A Diacereina € um composto de origem vegetal que apresenta propriedades anti-
inflamatdrias pouco exploradas em doengas ndo articulares. A Reina, seu metabdlito ativo,
tem demonstrado inibir a sintese e atividade de citocinas pré-inflamatérias como TNF-q,
IL-6 e principalmente IL-1p através do constante bloqueio de NFxB.

Sendo a resisténcia a insulina e DM2 distirbios metabdlicos associados a obesidade
e a um processo inflamatério crénico, e sabendo-se ainda que atualmente os recursos
disponiveis para o tratamento de tais desordens apresentam limitada eficécia, acreditamos

que os efeitos anti-inflamatdrios da Diacereina reflitam positivamente sobre a sinalizagao
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insulinica, permitindo classificd-la como uma alternativa terapéutica em potencial para a

redugdo ou atenuagdo da manifestacdo clinica da resisténcia a insulina e DM2.
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ABSTRACT

Obesity represents one of the main risk factors to the development of insulin resistance and
type 2 diabetes. The common basis among these events is a chronic and systemic
inflammatory process characterized by the activation of JNK and IKKB/NFkB pathways
and upregulated cytokine synthesis. The objective of this work was to evaluate the effects
of diacerhein administration, an anti-inflammatory anthraquinone which is probably a JNK
and IKKp/ NFxB pathways inhibitor, on the insulin sensitivity in diet-induced obese mice.
Swiss mice were fed with conventional chow (C group) or a high-fat diet (DIO group).
Later, DIO mice were randomly subdivided in DAR10 and DAR?20 groups according to the
doses of 10 or 20 mg/kg of diacerhein administered. Through the Western Blot analysis, we
quantified the expression and phosphorylation of IR, IRS-1 and Akt and of inflammatory
mediators which modulate the insulin signaling in a negative way (IKK, JNK and iNOS).
DAR 10 and DAR20 animals presented an expressive improvement in their ITT and GTT,
fasting serum glucose and insulin levels and a significant increase in the phosphorylation
levels of insulin induced IR, IRS-1 and Akt in liver, muscle and adipose tissue. There was
also a relevant inhibition of IKKf, IkBa and JNK phosphorylation and iNOS expression in
treated mice. Our results show that trough the reversion of the low-grade subclinical
inflammation, diacerhein improved glucose tolerance and insulin sensitivity in DIO
animals. It suggests potential beneficial effects of this drug in the treatment of insulin

resistance and type 2 diabetes.

Key words: diacerhein, insulin resistance, type 2 diabetes and inflammation
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INTRODUCAO

Epidemiologia

Durante as ultimas décadas, a incidéncia de obesidade bem como de doencas
metabodlicas a ela associadas como cardiopatias, dislipidemia, hipertensdo arterial e em
especial diabetes mellitus tipo 2 (DM2) t€m alcancado proporcdes epidémicas em varias
partes do mundo, sobretudo em paises da civilizacdo ocidental, onde elevados indices de
sedentarismo sdo predominantes e os hdbitos alimentares caracterizam-se pelo consumo de
dieta densa em calorias, provenientes principalmente de lipidios (Kopelman 2000; Wing,
Goldstein et al. 2001; Weisberg, McCann et al. 2003).

As crescentes estatisticas mundiais sobre o estabelecimento do DM2 permitem
classificd-lo como uma das doencgas cronicas mais prevalentes deste século e um dos mais
desafiadores problemas de saude publica da atualidade. Agravando esse quadro, o DM2,
que até o século XX restringia-se a adultos, acomete agora cada vez mais criangas € jovens
(Pinhas-Hamiel, Dolan et al. 1996).

Estima-se hoje que um novo caso de DM2 surja a cada 5 segundos no mundo, o que
resulta em uma populacdo de, aproximadamente, 285 milhdes de pessoas afetadas
(Federation 2009). Segundo dados da Organizagdo Mundial da Saude, as multiplas
complicacdes decorrentes da doencga, permitem classificd-la como a quinta causa de
mortalidade na maioria dos paises desenvolvidos. Além disso, as mortes pela enfermidade
tendem a aumentar em 50% nos préoximos 10 anos.

As complicagdes decorrentes do DM?2 tais como coronariopatias, doencgas
vasculares periféricas, isquemias, neuropatias, amputacdes, faléncia renal, cegueira e,

incluida recentemente, a depressdo, resultam em invalidez, diminuicao da qualidade e
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expectativa de vida e dispendiosos gastos para a sociedade. Estima-se que 9% dos recursos
financeiros destinados a saide no Brasil sejam exclusivamente empregados no tratamento
do DM2 (Federation 2009). Considera-se, portanto, considerdvel o impacto
socioecondmico inerente a doenca, afetando familias, servigos de sadde e as produtividades

individual e nacional.

Obesidade, inflamacao e resisténcia a insulina

A obesidade representa um dos principais fatores de risco para o DM2 (Ahima and
Flier 2000; Yuan, Konstantopoulos et al. 2001; Weisberg, McCann et al. 2003; Shoelson,
Lee et al. 2006). O excesso de gordura corporal, especialmente quando concentrado na
regido abdominal, pode levar a consequéncias extremamente prejudiciais como hipertensao,
elevacdo dos niveis séricos de colesterol e triglicérides e resisténcia insulinica (Wing,
Goldstein et al. 2001).

O impacto negativo do aumento da gordura corporal sobre a sensibilidade a insulina
pode ser claramente demonstrado na maioria dos individuos obesos. Estudos populacionais
prospectivos confirmam esta associagdo. De acordo com Colditz e Chan et al, o risco de
desenvolvimento de DM2 aumenta 93 vezes em mulheres (Colditz, Willett et al. 1995) e 42
vezes em homens (Chan, Rimm et al. 1994) com IMC igual ou superior a 35.

Nota-se, portanto, que obesidade, DM2 e resisténcia a insulina sdo distirbios
metabodlicos intimamente relacionados. A intersec¢do entre estes eventos se estabelece em
um processo inflamatério sist€émico e subclinico caracterizado por uma produgdo anormal
de citocinas e elevados niveis de proteinas de fase aguda (PFA) (Pickup and Crook 1998;

Sethi and Hotamisligil 1999). Evidéncias crescentes de estudos em populacdes humanas e

animais t€m estabelecido, por sua vez, uma correlagdo causal entre a inflamacdo crdnica e
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resisténcia a insulina, embora os mecanismos moleculares envolvidos ainda ndo estejam
completamente elucidados (Festa, D'Agostino et al. 2000; Xu, Barnes et al. 2003).

Metabolismo e imunidade estdo entre os mais bdsicos requerimentos para a
sobrevivéncia dos organismos, apresentando-se profundamente ligados e interdependentes.
Adipdcitos e macréfagos, assim como compostos por eles secretados, incluindo hormonios,
citocinas, proteinas de sinalizacdo, fatores de transcricdo e lipidios bioativos, podem
desempenhar funcdes tanto metabdlicas como imunoldgicas para manutencdo da
homeostase energética e da eficdcia no combate as infec¢des. Além de compartilharem
alguns dos maquindrios celulares e vias de sinalizacdo, esses sistemas também sdo capazes
de regular um ao outro (Wellen and Hotamisligil 2005).

Esta integracdo, que sob condi¢des normais € equilibrada e extremamente benéfica
para a conservacdo da satide, torna-se deletéria frente a ocorréncia de distdrbios, como o
estabelecimento da imunossupressdao em organismos que se encontram subnutridos, por
exemplo (Chandra 1996; Chandra 1997). Atualmente, porém, este desequilibrio tem
pendido para o lado oposto. Com o advento da obesidade, problemas e complicacdes
associados a sobrecarga metabdlica, incluindo diabetes, dislipidemia, doenca hepética
gordurosa e aterosclerose sdo decorrentes de um exacerbado processo inflamatério (Pickup,
Mattock et al. 1997; Wellen and Hotamisligil 2005).

Lindsay e colaboradores reportaram que em populacdo com alta prevaléncia de
DM2, os niveis de gama-globulinas encontravam-se elevados e prediziam o
estabelecimento da doenca (Lindsay, Krakoff et al. 2001). Aliados a isso, Pickup et al.
demonstraram que as concentragdes séricas de marcadores inflamatérios em diabéticos tipo

2 também eram superiores as de individuos ndo diabéticos (Pickup, Mattock et al. 1997).
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Rapidamente tornou-se claro que a obesidade € caracterizada por uma resposta
inflamatéria subclinica causadora de profundas modificacdes no metabolismo lipidico
(Feingold, Hardardottir et al. 1998), as quais favorecem o estabelecimento de um estado
catabdlico no organismo ao mesmo tempo em que suprimem conservadas vias anabdlicas,
em especial a da insulina (Wellen and Hotamisligil 2005). Neste contexto, tem-se dado
grande atencdo ao fato de muitos dos mediadores inflamatérios atuarem como moduladores
negativos da acdo da insulina, envolvendo-se intimamente na patogénese do DM2 (Pickup
2004).

Virias evidéncias t€ém dado suporte a esta hipétese. Estudos em individuos nao
diabéticos e intolerantes a glicose demonstraram que PCR e, por vezes, as citocinas pro--
inflamatérias IL-6 e TNF-a estdo positivamente relacionadas aos indices de sensibilidade e
concentracdo plasmdtica de insulina, IMC e niveis de triglicérides circulantes (Visser,
Bouter et al. 1999; Yudkin, Stehouwer et al. 1999; Frohlich, Imhof et al. 2000; Muller,
Martin et al. 2002; Temelkova-Kurktschiev, Henkel et al. 2002). Sabe-se também que os
niveis séricos de IL-1, outra importante citocina pré-inflamatéria, encontram-se elevados
em pacientes com DM e podem estar relacionados tanto a destruicado das células P
pancredticas como a alteracdo da sensibilidade a insulina (Feve and Bastard 2009). Outros
trabalhos consideram a circulagdo de PCR, soro amildide A, al-acidoglicoproteina e dcido
sidlico, mas em especial IL-6, como fortes preditores do desenvolvimento do DM?2, pois
encontram-se em niveis superiores aos de individuos nao diabéticos (Crook, Tutt et al.
1993; Pickup, Mattock et al. 1997; Pickup and Crook 1998; Schmidt, Duncan et al. 1999;
Barzilay, Abraham et al. 2001; Pradhan, Manson et al. 2001; Festa, D'Agostino et al. 2002;
Temelkova-Kurktschiev, Henkel et al. 2002; Spranger, Kroke et al. 2003). Neste contexto,

constatou-se também que as concentragdes plasmaticas destes mediadores tendem a se
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elevar proporcionalmente ao nimero de distiurbios metabdlicos presentes em diabéticos tipo
2, a citar, obesidade, doenga coronariana, hipertensdo, hipertrigliceridemia e baixos niveis
de HDL (Pickup, Mattock et al. 1997). E de extrema importincia ressaltar que tais
resultados independeram da idade, sexo, histérico familiar de DM2, glicemia, atividade
fisica e tabagismo (Pickup 2004)

Em modelos animais de diabetes tipo 2, observou-se que a insulina desempenha, por
si s6, um papel inibidor da sintese de PFA (Thompson, Harrison et al. 1991; Campos and
Baumann 1992; De Feo, Volpi et al. 1993; Festa, D'Agostino et al. 2000). Assim, a
resisténcia ao hormoénio induzida por citocinas pré-inflamatdrias seria responsdvel pela
intensificacdo da resposta de fase aguda através de uma sustentada retroalimentacdo
positiva (Pickup, Day et al. 1995).

Outras evidéncias da intima corregulacdo entre metabolismo e imunidade provém
de estudos com proteinas do sistema imune inato denominadas toll like receptors (TLR). A
ativacdo destes receptores celulares por ligantes especificos de patégenos ou mesmo
compostos enddgenos, como dcidos graxos saturados e livres, em niveis elevados na
obesidade, leva a aumentos significativos na expressao de citocinas pré-inflamatérias como
TNF-a, IL-6, IL-1B, quimiocinas e outros efetores da resposta imune inata (Shi, Kokoeva et
al. 2006). Além disso, Song e colaboradores demonstraram em seu experimento com
cultura de adipdcitos que a ativacdo do TLR4 pelo LPS atenuava a captacdo de glicose
estimulada pela insulina, contribuindo dessa forma para um quadro de resisténcia ao
horménio (Song, Kim et al. 2006). Concordantemente, Tsukumo et al constataram que
defeito na funcdo do TLR4 em camundongos os protegia da obesidade e resisténcia a
insulina induzidas pelo consumo de dieta hiperlipidica (Tsukumo, Carvalho-Filho et al.

2007).
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Face ao exposto, é possivel que as citocinas pro-inflamatdérias exercam papel chave
na ligacdo entre obesidade, sistema imune e resisténcia a insulina (Grimble 2002) e, neste
contexto, o tecido adiposo, principal fonte de TNF-a e IL-6 (De Feo, Volpi et al. 1993;
Hotamisligil, Arner et al. 1995; Mohamed-Ali, Goodrick et al. 1997; Fried, Bunkin et al.
1998), desempenharia importante funcdo, visto ndo ser mais identificado apenas como um
tecido acumulador de gordura, mas como 6rgdo metabolicamente ativo, que contribui para
a manuten¢do da homeostase metabdlica sistémica (Ahima and Flier 2000; Shoelson, Lee
et al. 2006; Gutierrez, Puglisi et al. 2009).

Sugere-se que as células inflamatérias infiltradas e os mediadores secretados pelo
tecido adiposo desenvolvam um papel ativo na obesidade e contribuam para a patogénese
da resisténcia insulinica a ela associada, revelada, em parte, como uma doenga inflamatdria
cronica iniciada no tecido adiposo (Weisberg, McCann et al. 2003). Porém, contrapondo as
evidéncias de que a inflamacdo é um fator iniciante da insensibilidade a insulina e
distdrbios no metabolismo lipidico, hd uma importante vertente de que estados obesos e
diabéticos exercem profunda influéncia inflamatéria, o que agravaria ainda mais o quadro
de resisténcia insulinica (Spranger, Kroke et al. 2003).

TNF-a, IL-6 e IL-1p s@o mediadores centrais de reagdes inflamatdrias (Spranger,
Kroke et al. 2003), efetores essenciais da resposta do sistema imune a patdgenos. Tais
citocinas sdo as principais estimuladoras hepéticas da sintese de PFA e iniciam profundas
mudancas metabdlicas a fim de prover nutrientes dos tecidos do hospedeiro para as células
do sistema imunoldgico, em intensa atividade no curso de uma infec¢do (Kushner 1993;
Feingold, Hardardottir et al. 1998). Sob suas influéncias ocorre elevacdo dos lipidios
sanguineos e da gliconeogénese, producdo de hormodnios catabdlicos e diminui¢do da

sensibilidade a insulina (Grimble 2002). A liberacdo de substratos de fontes endégenas para
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sustentar a atividade de linfécitos T e B, neutralizar patégenos e aumentar as defesas
antioxidantes para a protecdo de tecidos sauddveis constitui um aspecto essencial durante o
processo inflamatério (Feingold, Hardardottir et al. 1998; Grimble 2001).

Por outro lado, estas citocinas representam fatores predisponentes ao
desenvolvimento de obesidade e resisténcia a insulina (Grimble 2002). Segundo Spranger e
colaboradores, reacOes inflamatérias subclinicas dependentes de aumentados niveis
circulantes de IL-1f e IL-6 parecem estar associadas ao aumento do risco de
desenvolvimento de DM2 (Spranger, Kroke et al. 2003)

Além de estimularem a produgdo de PFA (Spranger, Kroke et al. 2003), TNF-a, IL-
6 e IL-1B contribuem para o desenvolvimento de dislipidemia, hipercortisolemia,
hipertensdo, obesidade, hipercoagulabilidade e a aceleracdo da aterosclerose (Nonogaki,
Fuller et al. 1995; Grimble 2002; Zhang, Halbleib et al. 2002). Os mecanismos plausiveis
pelos quais as citocinas promovem a resisténcia a insulina e/ou prejudicam a secre¢do do
horménio sustentam a hipdtese de que concomitante a0 DM2 hd uma resposta de fase
aguda mediada por citocinas intimamente envolvidas na patogénese da doenca. (Pickup,
Mattock et al. 1997; Pickup and Crook 1998). Estudos envolvendo IL-6, por exemplo,
conhecida como a principal estimuladora da sintese da maioria das PFA (Gauldie, Richards
et al. 1987; Gabay and Kushner 1999) demonstraram que quando cronicamente em altas
concentracdes sanguineas aumenta o risco de DM2 (Pradhan, Manson et al. 2001) e inibe a
sinalizacdo da insulina em hepatdcitos (Senn, Klover et al. 2002). Além disso, os niveis
plasmaticos de IL-6 estdo elevados em humanos obesos e reduzidos em individuos com

maior sensibilidade a insulina (Bastard, Jardel et al. 2000).
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A citocina pré-inflamatéria TNF-o também tem demonstrado mediar a resisténcia
insulinica induzida pela obesidade, tanto em modelos animais como em humanos
(Hotamisligil, Shargill et al. 1993; Hotamisligil, Murray et al. 1994; Hotamisligil and
Spiegelman 1994). A expressdo de TNF-a encontra-se aumentada no tecido adiposo de
roedores € humanos obesos (Hotamisligil, Shargill et al. 1993) enquanto a deficiéncia da
citocina ou da subunidade p55 de seu receptor revelam-se protetores parciais da resisténcia
a insulina (Uysal, Wiesbrock et al. 1997; Ventre, Doebber et al. 1997; Uysal, Wiesbrock et
al. 1998; Moller 2000). Dentre os multiplos mecanismos sugeridos para explicar os efeitos
metabdlicos do TNF-a destacam-se a downregulation de genes requeridos para a acdo da
insulina, efeito direto na sinaliza¢do deste hormodnio, indug@o de niveis séricos elevados de
acidos graxos via estimulacdo da lipdlise e, assim como outras citocinas pré-inflamatdrias,
regulacdo negativa do PPAR- y, um importante receptor nuclear responsivel a insulina

(Moller 2000; Pickup 2004).

Serina quinases

Os mecanismos moleculares pelos quais as citocinas promovem resisténcia
insulinica t€ém sido mais esclarecidos recentemente e referem-se, de modo especial, a
ativacdo de proteinas serina quinases, como JNK e IKK}.

Sabe-se que para a insulina desempenhar suas fungdes, a ativacdo de seu receptor e
substratos deve ocorrer através da fosforilagdo em residuos de tirosina, desencadeando uma
cascata de sinalizacdo que leva a ativacdo das vias da PI3K e MAPK (Saltiel and Kahn
2001; Sesti, Federici et al. 2001). As proteinas JNK e IKKP levam a fosforilacio em
residuos de serina do receptor de insulina (IR) e de proteinas da familia dos substratos do

receptor de insulina (IRS), incluindo IRS-1 e 2, reduzindo a capacidade dos ultimos de se
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associarem ao receptor, e, portanto, prejudicando a transducio do sinal desencadeado pelo
horménio (Hotamisligil, Peraldi et al. 1996; Paz, Hemi et al. 1997; Aguirre, Werner et al.
2002). Em estudos com roedores, a fosforilacio em serina no residuo 307 (Ser’””) do IRS-1
tornou-se um indicador molecular de resisténcia insulinica (Aguirre, Werner et al. 2002).

Sabe-se que JNK pode ser ativada por citocinas pré-inflamatérias e dcidos graxos
(Hirosumi, Tuncman et al. 2002), em altas concentracdes plasméticas na obesidade, de
modo que a atividade da enzima encontra-se elevada no musculo, figado e tecido adiposo
de individuos obesos (Leinonen, Hurt-Camejo et al. 2003). Além disso, a auséncia da
isoforma JNK1 aumenta a capacidade de sinaliza¢do do receptor de insulina por prevenir
ou evitar a fosforilacdo em serina de seu substrato, protegendo camundongos da resisténcia
ao hormoénio (Hirosumi, Tuncman et al. 2002). Outros estudos recentes demonstraram
ainda que a inibicdo de JNK em roedores diabéticos ou que apresentam aterosclerose
representa uma alternativa terap€utica vidvel para humanos acometidos por estas doencas
(Kaneto, Nakatani et al. 2004; Ricci, Sumara et al. 2004).

Por sua vez, a ativagao do complexo IKK (constituido pelas proteinas IKKa, IKK
e IKKy) pode impactar a via de sinalizacdo da insulina por, no minimo, duas maneiras. A
primeira decorre da fosforilagio inibitéria em Ser’” do IRS-1, como descrito
anteriormente, e a segunda da ativacdo de vias inflamatdrias através da degradacao de IkB e
liberacdo do fator de transcricio NFkB para o nicleo celular (Beg, Finco et al. 1993;
Palombella, Conner et al. 1998). Como ja se sabe, NFkB € um fator de transcricdo que
entre outras, estimula a sintese de multiplos mediadores inflamatdrios que contribuem para
a promocdo da resisténcia insulinica, incluindo TNF-a, IL-6 e IL-1B (Frode-Saleh and

Calixto 2000; Shoelson, Lee et al. 2006)
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Assim, moduladores negativos da cascata de sinalizacdo intracelular da insulina
como JNK e IKKp participam ativamente do estabelecimento do quadro de resisténcia ao

hormonio e representam potenciais alvos terapéuticos para o diabetes.
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Figura 1. Modulacdo negativa de JNK e o complexo IKK sobre a via de sinalizacdo

insulinica

Diacereina

Desde o século IXX, sabe-se que altas doses de salicilatos, como as aspirinas,
diminuem a glicemia e a glicostiria em pacientes diabéticos (Baron 1982; Pickup 2004).

Mais recentemente, demonstrou-se que o tratamento de ratos geneticamente obesos fa/fa e
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camundongos ob/ob com estes compostos foi capaz de reverter o quadro de resisténcia a
insulina através da inibi¢do de IKKp e, consequentemente, de NFkB (Kopp and Ghosh
1994; Yin, Yamamoto et al. 1998). As estatinas por sua vez, t€m demonstrado acdo anti-
inflamatéria independente da reducdo dos niveis de colesterol, através do estimulo de
PPAR-a e v, do bloqueio de NF«kB e da inibi¢do da adesdo leucocitaria (Freeman, Norrie et
al. 2001; Munford 2001; McFarlane, Muniyappa et al. 2002; Weitz-Schmidt 2002). Além
disso, tem-se evidenciado que hipoglicemiantes como as glitazonas também apresentam
propriedades anti-inflamatdrias ao inibirem a producdo de citocinas, ativacdo macrocitéria e
a circulacdo de PFA (Ebeling, Teppo et al. 1999; Murphy and Holder 2000; van de Ree,
Huisman et al. 2003), entre elas, PCR. Como consequéncia de seus efeitos no combate a
inflamacdo, estudos recentes envolvendo estas drogas tém demonstrado significativa
redugdo no risco do desenvolvimento de DM2 e um controle mais eficaz da doenga quando

jé estabelecida (Pickup 2004).

Neste contexto, Malaguti e colaboradores descobriram recentemente que a
antraquinona Diacereina (/,8-diacetoxy-9,10-dioxo-dihydroanthracene-3-carboxylic acid)
uma vez administrada em camundongos NOD (Non Obese Diabetic) foi responsdvel pela
redugdo a 40% da incidéncia do diabetes mellitus tipo I nestes animais. Verificou-se que o
composto atuava através da modulagcdo da expressao das citocinas pré-inflamatérias IL-1,
TNF-a, IFN-y e IL-12, impedindo-as de lesarem as cé€lulas B das ilhotas pancredticas,

evento autoimune caracteristico da doenga (Malaguti, Vilella et al. 2008).

A Diacereina € um farmaco anti-inflamatério encontrado em plantas do género
Cassia que apresenta também moderadas propriedades analgésica e antipirética (Spencer

and Wilde 1997). Uma vez administrado, o composto € inteiramente convertido em seu
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metabolito ativo desacetilado Reina (4,5-dihydroxyanthraquinone-2-carboxylic acid) antes

de alcancar a circulagio sistémica.

Figura 2. Estrutura molecular da Diacereina

Com base em experimentos em animais € humanos, in vitro e in vivo, a Reina tem
demonstrado inibir a sintese e atividade de citocinas pré-inflamatérias como TNF-a, IL-6 e
principalmente IL-1p (Moore, Greenslade et al. 1998; Nicolas, Tod et al. 1998; Pelletier,
Jovanovic et al. 1998; Pelletier, Mineau et al. 1998; Pelletier, Lajeunesse et al. 2001).
Mendes et al comprovaram que esta a¢do farmacoldgica se deve a inibicao da degradagdo

de IkBa (proteina inibidora de NF«B), levando ao constante bloqueio de NF«kB.

Atuando diretamente sobre as células participantes do processo inflamatdrio, a
Diacereina inibe a producdo de &anions superoxido por neutréfilos humanos (Mian,
Brunelleschi et al. 1987), liberacdo de enzimas lisossomais, quimiotaxia e atividade
fagocitica de neutrdfilos e macréfagos (Mian, Brunelleschi et al. 1987; Del Rosso, Fibbi et

al. 1990; Boittin, Redini et al. 1993; Spencer and Wilde 1997; Martel-Pelletier, Mineau et
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al. 1998; Moore, Greenslade et al. 1998; Pelletier, Mineau et al. 1998). Além disso, como
consequéncia direta da inibicdo de IL-1B, e possivelmente de outras citocinas também,
ocorre a modulacido negativa da sintese e atividade de iNOS por meio da diminui¢do dos
niveis de RNAm desta enzima (Pelletier, Mineau et al. 1998; Tamura and Ohmori 2001).

Desde 1994, a Diacereina tem sido amplamente utilizada no tratamento de
enfermidades musculo-esqueléticas como a osteoartrite e artrite rematdide (Pelletier, Yaron
et al. 2000; Fidelix, Soares et al. 2006), atuando de modo diferente dos tradicionais
farmacos anti-inflamatérios nao esteroidais (AINES) uma vez que seu mecanismo de ag¢ao,
tanto em modelos experimentais como em humanos, ndo interfere na sintese de
prostaglandinas, tromboxanos ou leucotrienos (Pomarelli, Berti et al. 1980; Franchi-
Micheli, Lavacchi et al. 1983; La Villa, Marra et al. 1989; ANVISA 2008). Ademais,
inimeros estudos envolvendo cultura de condrécitos humanos ou animais evidenciam
efeitos que vao além da redugdo dos niveis de citocinas pré-inflamatérias, como a inibi¢ao
da expressdo de colagenases e iNOS (Moore, Greenslade et al. 1998; Smith, Myers et al.
1999; ANVISA 2008). Sendo o 6xido nitrico um dos mais poderosos indutores da resposta
imune, ha uma diminuicao substancial da sintese de proteases e radical livres de oxigénio
concomitante a um o aumento da sintese de proteoglicanos e coldgeno, o que impede a
degradacdo da matriz da cartilagem articular, ossos € membrana sinovial, inibindo a
patogénese do processo artrésico (Brandt, Smith et al. 1997; ANVISA 2008).

Neste contexto, a Diacereina seria um modificador de acdo lenta e prolongada dos
sintomas de doencas reumadticas e especificamente na osteoartrite, atuaria como um
modulador das mudancas estruturais sofridas pelas articulagdes, apresentando uma razao de
risco/beneficio melhor que a dos AINES uma vez que ndo provoca reacdes adversas no

aparelho digestivo ou danos renais, caracteristicos do consumo dos mesmos (Fidelix,
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Soares et al. 2006). Além da maior tolerancia gastrica, os relatos mais frequentes de efeitos
colaterais relacionados ao composto remetem-se apenas a ocasionais eventos de diarréia e
dores abdominais em pacientes sensiveis aos derivados antraquindnicos (ANVISA 2008).
Apesar do exposto até entdo, a Diacereina tem sido pouco explorada em doencas ndo
articulares, despertando profundo interesse em seu emprego como agente modulador da
resposta imune em outras enfermidades.

Considerando o imenso campo de investigacdo que o composto propicia e sendo a
resisténcia a insulina e DM?2 distirbios metabdlicos polimérficos e multifatorais, mas de ja
comprovada origem inflamatdria, é de se questionar a eficicia que drogas anti-inflamatorias
apresentariam se empregadas como uma nova estratégia terap€utica para essas
enfermidades. Tentamos, portanto, demonstrar os potenciais efeitos benéficos do anti-
inflamatério Diacereina na sinalizac@o intracelular da insulina e, consequentemente, na
manifestacdo clinica da resisténcia insulinica e do diabetes tipo 2. Acreditamos que deste
trabalho provirdo importantes implicacdes na pesquisa por novas terapias voltadas para a
redu¢do da morbidade e mortalidade causadas pela obesidade associada a desordens

inflamatorias cronicas.
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OBJETIVOS

1-

OBJETIVO GERAL
- Avaliar os efeitos da administracdo da Diacereina sobre a incidéncia e
manifestacdo da resisténcia a insulina e diabetes mellitus tipo 2 em camundongos

Swiss obesos.

OBJETIVOS ESPECIFICOS

- Estudar os efeitos anti-inflamatérios da Diacereina sobre a cascata de sinalizacdo
intracelular da insulina através da quantificacdo da expressdo e/ou fosforilagdao das
proteinas envolvidas nesta via (IR, IRS-1 e Akt) ou dos fatores que a modulam

negativamente (JNK e IKK}f).

- Verificar a acdo da Diacereina sobre a expressio de mediadores inflamatdrios

(TNF-a, IL-6, IL-1B e iNOS) diante do quadro de obesidade e de resisténcia a

insulina induzidos por dieta hiperlipidica.
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ABSTRACT

Obesity represents one of the main risk factors to the development of insulin resistance and
type 2 diabetes. The common basis among these events is a chronic and systemic
inflammatory process characterized by the activation of JNK and IKKB/NFkB pathways
and upregulated cytokine synthesis. The objective of this work was to evaluate the effects
of diacerhein administration, an anti-inflammatory anthraquinone which is probably a JNK
and IKKp/ NFxB pathways inhibitor, on the insulin sensitivity in diet-induced obese mice.
Swiss mice were fed with conventional chow (C group) or a high-fat diet (DIO group).
Later, DIO mice were randomly subdivided in DAR10 and DAR20 groups according to the
doses of 10 or 20 mg/kg of diacerhein administered. Through the Western Blot analysis, we
quantified the expression and phosphorylation of IR, IRS-1 and Akt and of inflammatory
mediators which modulate the insulin signaling in a negative way (IKK, JNK and iNOS).
DAR 10 and DAR20 animals presented an expressive improvement in their ITT and GTT,
fasting serum glucose and insulin levels and a significant increase in the phosphorylation
levels of insulin induced IR, IRS-1 and Akt in liver, muscle and adipose tissue. There was
also a relevant inhibition of IKKf, IkBa and JNK phosphorylation and iNOS expression in
treated mice. Our results show that trough the reversion of the low-grade subclinical
inflammation, diacerhein improved glucose tolerance and insulin sensitivity in DIO
animals. It suggests potential beneficial effects of this drug in the treatment of insulin

resistance and type 2 diabetes.

Key words: diacerhein, insulin resistance, type 2 diabetes and inflammation
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INTRODUCTION

Obesity, type 2 diabetes (T2D) and insulin resistance are metabolic disturbances
deeply interrelated. The intersection among such conditions is linked to a systemic and
subclinical inflammatory process characterized by abnormal production of cytokines, NO
and acute-phase proteins (1, 2). On the other hand, cytokines as TNF-a, IL-1p and IL-6
contribute to the development of dyslipidemia, hypercortisolemia, hypertension, obesity,
hypercoagulability state and atherosclerosis acceleration besides they stimulate the acute-
phase proteins production (3-6). All these linked events are able to amplify and propagate
the inflammation process systemically.

In this interdependence context, it has become evident that many inflammatory
mediators act as negative modulators of insulin action, playing an important role in the
insulin resistance and T2D pathogenesis (7). The molecular mechanisms through cytokines
promote insulin resistance have been more clarified recently and make reference, in special,
to the activation of serine kinases proteins like JNK and the complex IKKp/NF«B.

At the molecular level, the insulin signaling begins when the activation of insulin
receptor (IR) results in tyrosine phosphorylation of several substrates, including the IR
substrate 1 (IRS-1), triggering a cascade which leads to the PI3K and MAPK pathways
activation (8). However, JNK and IKKf} pathways cause serine residues phosphorylation on
IR and IRS-1, reducing the ability of the last one to bind to IR, which contributes to the
insulin signaling disregulation (9-11). This way, negative modulators of insulin
intracellular cascade like JNK and IKKf are some of the responsibles for the establishment

of insulin resistance and represent potential therapeutic targets to T2D treatment.
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Diacerhein (1,8-diacetoxy-9,10-dioxo-dihydroanthracene-3-carboxylic acid) is an
anthraquinone found in Cassia gender plants which presents anti-inflammatory proprieties
beyond moderate analgesic and antipyretic characteristics (12). Based on in vitro and in
vivo experiments in animals and humans, rhein, the active metabolic of diacerhein, has
demonstrated to inhibit the synthesis and activity of proinflammatory cytokines like TNF-q,
IL-6 and mainly IL-1p (13-17). Beside this, the compound acts directly on inflammatory
cells inhibiting superoxide anion production by human neutrophils, release of lysosomal
enzymes, chemotaxis and phagocytic activity of neutrophils and macrophages (12, 13, 17-
21). In addition, diacerhein modulates in a negative way the synthesis and activity of
inducible nitric oxide synthase (iNOS) through the decrease of its mRNA levels (17, 22).

Here, we investigate the effects of diacerhein on insulin signaling in liver, skeletal
muscle and adipose tissue of diet-induced obese Swiss mice treated during 10 days as well
as the role of the reduction of JNK and IKKf activation in the regulation of the insulin-
signaling pathway in these tissues. Taken together, our findings demonstrate that the
diacerhein treatment by reducing the expression of proinflammatory mediators and the
activation of the insulin negative modulators, improve the glucose tolerance and insulin

sensitivity and signaling in liver, muscle and adipose tissue of DIO mice.
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RESEARCH DESIGN AND METHODS

Materials

Male Swiss mice used in the experiments were provided by the State University of
Campinas Central Breeding Center (Campinas, Brazil). All antibodies were from Santa
Cruz Technology (Santa Cruz, CA), except anti-Akt, anti-phospo-Akt, anti-phospho-IKKf3
and anti-a-tubulin which were obtained from Cell Signaling Technology (Beverly, MA).
Human recombinant insulin was from Eli Lilly and Co. (Indianapolis, IN). Diacerhein was
kindly ceded by TRB-Pharma (Campinas, Brazil). Routine reagents were purchased from

Sigma Chemical Co. (St. Louis, MO) unless specified elsewhere.

Animal characterization

All experiments were approved by the Ethics Committee at the State University of
Campinas. Eight-week-old male Swiss mice were maintained under specific pathogen-free
(SPF) conditions in a regimen of 12 hours dark/light cycles and room temperature of 21°C.
The animals were randomly divided into two groups with similar body weights (30.22 +
3.95g) according to the diet they were assigned to receive for 12 consecutive weeks: a
standard rodent chow (control group- C) or a high fat diet (diet-induced obesity group-
DIO), consisting of 55% calories from fat, 29% from carbohydrate and 16% from protein.
Food and water were ad libitum and body weight was measured weekly. Food intake was
determined by measuring the difference between the weight of chow or high fat diet given

and their weights at the end of a 24 hours period. After all weeks of feeding, the animals
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had insulin and glucose tolerance tests performed, as previously described (23, 24), and the

treatment with diacerhein was introduced as presented below.

Diacerhein administration protocol

Dried diacerhein was diluted in 0.01M PBS to a final concentration of 1.5 mg/ml.
Part of DIO animals were randomly distributed in two new subgroups according to the
diacerhein dose administrated. While a group received 10 mg/kg/day of diacerhein solution
(DAR10), the other one was treated with 20 mg/kg/day from the same solution (DAR20).
Drug administration was performed by one gavage per day for 10 consecutive days. The
rest of mice from DIO group and those from C group received only the vehicle (0.01M

PBS).

Assays

At the end of the treatment with diacerhein, blood samples were taken for the
determination of serum concentration of basal insulin by enzyme-linked immunosorbent
assay (ELISA) (Linco). Glucose values were measured from the tail venous blood of all

animals with a glucose monitor (Glucometer; Bayer).

Tissue extraction

Food was withdrawn 12-14 hours before the tissue extraction. Mice were
anesthetized by intraperitoneal injection of sodium thiopental and opened 10—15 minutes
later, i.e., as soon as anesthesia was assured by the loss of pedal and corneal reflexes. The
abdominal cavity was opened, the portal vein exposed and 0.2 ml of normal saline was

injected with or without insulin (10 ° mol.I"") in some animals from each group. At 30
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seconds after the insulin injection, the liver was removed, and 90 seconds later,
gastrocnemius muscle and epididymal adipose tissue were extracted, minced coarsely, and
homogenized immediately in extraction buffer, as described elsewhere (25). Extracts were
then centrifuged at 15.000 rpm at 4°C for 40 minutes to remove insoluble material. The
whole tissue extracts were subjected to SDS-PAGE and immunoblotting, as previously
described (24, 26). The analysis of NFkB p65 activation was also determined through

immunoblotting method but using nuclear extracts from the same tissues (27).

Protein analysis by immunoblotting

The whole-tissue and nuclear extracts were treated with Laemmli sample buffer
(24) containing 100 mm dithiothreitol and heated in a boiling water bath for 5 minutes,
after which they were subjected to SDS-PAGE in a Bio-Rad miniature slab gel apparatus
(Mini-Protean). Proteins from total and nuclear extracts were subjected to SDS-PAGE.
Electrotransfer of proteins from the gel to nitrocellulose membranes was performed for
120 minutes at 120 V in a Bio-Rad Mini-Protean transfer apparatus (28). Nonspecific
protein binding to the nitrocellulose was reduced by preincubating the filter for 2 hours in
blocking buffer (5% nonfat dry milk, 10 mm Tris, 150 mm NaCl, 0.02% Tween 20). The
nitrocellulose blot was incubated overnight at 4°C with specific antibodies. The results
were visualized by autoradiography with preflashed Kodak XAR film and band intensities
were quantified by optical densitometry (Hoefer Scientific Instruments, San Francisco, CA;

model GS300).

Real-time PCR
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Total RNA was obtained from liver, gastrocnemius muscle and epididymal adipose
tissue of the four groups of mice according to the methods published previously (29). For
tissue samples, first-strand cDNA was synthesized using SuperScript Il reverse
transcriptase and random hexamer primers as described in the manufacturer’s protocol
(Invitrogen Corp.). Quantitative PCR was run to determine the expressions of TNF-a, IL-6
and IL-1P in each tissue fraction. Real-time detection of amplification was performed in an
ABI 5700 Sequence Detector System (Applied Biosystems) using SybrGreen PCR Master
Mix (Applied Biosystems). Twenty ng of each cDNA sample were used in the reaction
with the following primers: 150 nM of TNF-a (Fw: 5’- AGT TCC CAA ATG GCC TCC C
-3’; Rv: 5°- TGT CAC TCG AAT TTT GAG AAG -3°), 150 nM of IL1-B forward and
reverse primers (Fw: 5’- ACC TGT CCT GTG TAA TGA AAG ACG -3’; Rv: 5’- GGT
ATT GCT TGG GAT CCA CAC T-3") and 150 nM of IL-6 (Fw: 5’- GGA AAT CGT
GGA AAT GAG AAA -3’; Rv: 5°- AAG TGC ATC ATC GTT GTT CAT AC -3).
GAPDH expression was used as endogenous control and samples from control mice were
used as calibrators. A negative “No Template Control” was also included for each primer
pair. The dissociation protocol was performed at the end of each run to check for non-
specific amplification. Two replicas were run on the same plate for each sample. Results

are expressed as relative expression values.

Morphometry

Five um sections from epididymal adipose tissue, liver and pancreas were observed
with a Zeiss Axiophot light microscope using x10 (for the first one) and x40 (for the
others) objectives and digital images were captured with a Canon PowerShot G5. To mark

macrophages in the adipose tissue and insulin in the pancreatic islets, specific antibodies
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were used according to previous methodologies (27,39). The measurements of adipocytes,
pancreatic islets and B cell total areas were assessed using the image analysis system Image

J (http://rsbweb.nih.gov/ij/).

Statistical Analysis

Data are expressed as means + SEM and the number of independent experiments is
indicated. The results of blots are presented as direct comparisons of bands or spots in
autoradiographs and quantified by optical densitometry (Scion Image). For statistical
analysis, the groups were compared using a 2-way ANOVA with the Bonferroni test for

post hoc comparisons. The level of significance adopted was p<0.05.
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RESULTS

Physiologic and metabolic parameters

Figure 1 shows comparative data regarding the controls (C), diet-induced obesity
mice (DIO) and DIO mice treated with diacerhein for 10 days (DAR10 and DAR20). All
animals from DIO group, treated or not, presented similar body weight and epididymal fat
pad weight, which were higher when compared to the control group (Fig. 1A and B).
During the period of diacerhein administration, food ingestion and the caloric consumption
were daily measured and although there was a significant difference about the calories
consumed among all groups, food intake was similar between the treated and non-treated
groups (Fig. 1C and D). After the tenth day of treatment, the fasting serum glucose
concentrations were significantly lower in both treated groups than in the DIO animals and
very similar to the C group (Fig. 1E). Fasting serum insulin levels were also reduced in the
treated groups and controls compared to the DIO group (Fig. 1F).

To investigate glucose tolerance, we performed an intraperitoneal glucose tolerance
test (GTT) and determined serum glucose levels at determined time points. Throughout the
test, glucose levels of DIO animals were higher at the all time points. Conversely, DAR10
and DAR20 mice showed an improved glucose profiles, closer to the C group (Fig. 1G).
During the insulin tolerance test, we also observed that the reduction in the glucose
disappearance rate (KITT) induced by the high-fat diet was restored after treatment with

both doses of diacerhein (Fig. 1H and I).

Histological characterization of liver and adipose tissue after the treatment with

diacerhein
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We assessed whether those metabolic changes found between the groups which
received diacerhein or not were related to alterations in hepatic and adipose morphologies.
Histological sections from liver of DIO group showed the presence of innumerous fat
vesicles compared to the control ones, which characterizes the first group as presenting
hepatic steatosis. Nevertheless, the treatment with both doses of diacerhein induced no
more fat accumulation in liver parenchyma (Fig 2A-D).

Morphologic analysis of epididymal fat pad revealed large adipocytes and a
significant infiltration of inflammatory cells in DIO animals, evidenced through the
presence of many crown-like structures and confirmed by the detection of specific
macrophage marker F4/80 (Suppl.1). Mice from DAR 10 and DAR 20 groups presented
fewer and smaller adipocytes than the DIO group beyond discrete presence of

macrophages, a very similar profile found in control animals (Fig 3A-E).

Cytokines analyses

We examined TNF-q, IL-6 and IL1-f mRNA expressions in liver, gastrocnemius
muscle and epididymal adipose tissue of the studied groups. As expected, cytokine mRNA
expressions in DIO mice were higher than in control group, with an only exception to the
expression of TNF-a in muscle (Fig. 4A-H). The relative amount of TNF-a, IL-6 and IL-1
transcripts were in general significantly reduced in all tissues from DAR 10 and DAR20
animals compared with DIO group (Fig 4A-H). One exception occurred to the IL.-6 amount

of the D20 group in the adipose tissue.

Effects of diacerhein treatment on insulin signaling in liver, muscle and adipose tissue
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We then examined the consequences that the diacerhein administration provoked on
the insulin signaling pathway in its main target tissues. As expected, in liver, muscle and
adipose tissue of mice fed on high fat diet, insulin-stimulated tyrosine phosphorylation
levels of IR and IRS-1 and Akt serine phosphorylation were significantly reduced
compared to the control animals (Fig. 5A-I). Moreover, the groups treated with diacerhein
exhibited higher phosphorylation of these proteins in all studied tissues when compared to
the non treated group, except to the Akt phosphorylation in muscle, where it was lower in
DAR 10 and DAR 20 animals (Fig 5F). While best results in liver were achieved with the
dose of 10 mg/kg, in adipose tissue the dose of 20 mg/kg showed, in general, higher
efficacy. There were no differences in the IRP, IRS-1 and Akt protein expressions among

C, DIO, DAR10 and DAR20 groups.

Effects of diacerhein on JNK pathway

JNK activation was determined by monitoring phosphorylation of JNKI1 and of its
substrate c-Jun. The DIO group exhibited higher expression and phosphorylation of JNK in
the liver, muscle and adipose tissue related to the control animals (Fig 6A-C). In agreement
with this, phosphorylation levels of c-Jun were also superior in obese non-treated group
(Fig 6D-F). Inversely, the expression and activity of JNK as well as the phosphorylation of
c-Jun in these tissues of animals from DARIO and mainly DAR20 groups were

significantly lower when compared to the DIO group and very similar to the controls.

Effects of diacerhein on IKK/IkBa/NFkB pathway
IKKp activity was monitored through IKKP and IxBa phosphorylation, as

previously described (30), and complemented by the analysis of the nuclear expression of
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NF«B p65. In the liver, muscle and adipose tissue of DIO group, the phosphorylation levels
of IKKP (Fig 7A-C) and IkBa (Fig 7D-F) were higher when compared to the control one.
Related to DIO animals, the treated mice exhibited lower phosphorylation of IKKp and
IxkBa in all studied tissues, in special with the dose of 20 mg/Kg. For this reason, we
assessed the translocation of NF«xB p65 to the nuclei of hepatocytes, muscular cells and
adipocytes in animals from DAR20 group. As expected, in nuclear tissue extracts from
these mice, we detected lower expression of NFkB p65 compared with the non-treated

group and extremely close to what was found in the control animals (Fig. 7G-1).

Effect of diacerhein on iNOS expression

Related to the DIO group, animals treated with diacerhein presented an expressive

reduction of iNOS expression in the liver, muscle and adipose tissue (Fig. 8A-C).
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DISCUSSION

It is generally agreed that inflammation is a key feature of obesity and type 2
diabetes (31,32). Here we show for the first time that the administration of the anti-
inflammatory diacerhein for 10 days in diet-induced obese mice resulted in a marked
improvement in glucose tolerance, decrease in macrophage infiltration in adipocytes,
reduction of expression and activity of proinflammatory mediators accompanied by an
improvement in insulin signaling in liver, muscle and adipose tissue. Taken together, these
results indicate that diacerhein treatment improves insulin sensitivity in obesity trough the
reversion of subclinical chronic inflammation and may be an alternative therapy for insulin
resistance.

We hypothesize that this improved insulin signaling occurred primarily through the
suppression of proinflammatory mediators, important inducers of insulin resistance such as
the inflammatory cytokines and serine kinases proteins. In this context, it is well
established that obesity induces a complex signaling pathway that actives IKKf and JNK
(32). Interestingly, it is also known that interventions that inhibit their expression or activity
significantly improve peripheral insulin sensitivity (33, 34). In agreement, our data
demonstrate that reductions in IKKf and JNK activation after diacerhein administration in
obese animals increase the phosphorylation levels of important proteins from insulin
cascade signaling (IR, IRS-1 and Akt), improving the insulin resistance state as a whole.
This confirms the many authors’ hypothesis that these serine kinases are possibly key
modulators in the cross-talk between inflammatory and metabolic pathways (32, 35).

As previously described, the overlap between stimuli that activate IKKp and JNK

and conditions that promote insulin resistance also includes proinflammatory cytokines (32,
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34). IKKp activation, through the phosphorylation and degradation of IkBa, initiates
NFkB—mediated transcription, which in certain cells enhance the production of TNF-a, IL-
6 and IL1-B, that further activate JNK and IKKp pathways through a feed-forward
mechanism (32, 34). This positive feedback loop could perpetuate a vicious cycle of low-
grade inflammatory signaling, contributing to enhance insulin resistance. Our findings
predict that IKKf inhibition breaks this cycle. The treatment with diacerhein was able not
just to reduce IKKP phosphorylation, but also IkBa phosphorylation beyond to prevent the
translocation of the NFkB subunit p65 to the cellular nucleus confirming that the
inactivation of IKK/NFkB axis represents an alternative target for the therapy of insulin
resistance as indicate by other works (36-38). In this line, the impediment of NFkB nuclear
translocation may, at least in part, explain the low levels of TNF-a, IL-6 and IL1-B
detected, in general, in liver, muscle and adipose tissue of diacerhein treated animals and
consequently the improvement in the systemic inflammatory process.

Aspirin and salicylates, whose beneficial effects in the treatment of diabetic patients
have been known for decades (32, 35), are not only cyclooxygenase blockers but also
function as IKKJ inhibitors improving insulin sensitivity of obese mice (38, 40). However,
the therapeutic usefulness of high-dose aspirin is limited by the antithrombotic and anti—
platelet aggregation effects coupled with gastrointestinal irritation and unacceptably high
risks of bleeding (32). In this context, diacerhein presents a risk/benefit ratio superior than
aspirin once it has the advantage of a higher gastric tolerance and rare side-effects (41).

Besides IKKPB pathway downregulation, diacerhein also inhibited the
phosphorylation of JNK as well its substrate c-Jun. In obesity, JNK activity is increased in
the liver, muscle, and fat tissues (31). Many JNK inhibitors or JNKI1 deficiency have

demonstrated to prevent the development of insulin resistance, T2D and fatty liver disease,
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beyond presented beneficial effects in insulin sensitivity in both genetic and dietary models
of obesity. (35, 42). The reduction in JNK phosphorylation found in this work agrees with
previous studies in which inhibition of JNK activity in liver improves insulin sensitivity
and hepatic steatosis (35). Although it has been described that muscle JNK does not
contribute to insulin resistance (43), we observed significant lower levels of JNK
phosphorylation in gastrocnemius muscle of DAR10 and DAR20 groups, what may have
contributed to the improvement in the systemic insulin responsiveness. Considering the
reduced JNK total expression in diacerhein treated animals, we cannot either exclude the
possibility of diacerhein exerts a direct effect on JNK transcription or degradation
processes.

Modest weight loss, achieved by diet and exercise, can enhance insulin sensitivity
and even reverse insulin resistance (47-49). Many JNK inhibitors with greater potency and
selectivity have been disclosed (50, 51) and one of them has demonstrated beneficial effects
on weight gain (50). However, ten days treatment with diacerhein in mice did not cause any
alteration in body weight, epididymal fat pad neither in the amount of food intake what
could explain the improvement in insulin sensibility. Considering the difference in the
calories ingestion between all groups, we can hypothesize that diacerhein treated animals
may not have the same regulation of energy expenditure, although this point deserves
further investigation.

In obesity, the analysis of macrophages isolated from adipose tissue demonstrates
that they are responsible for almost all TNF-a tissue expression and significant amounts of
IL-6, IL-1B and iNOS expression (44). Moreover, adipose tissue macrophage numbers
increase in obesity and these cells participate intensely in inflammatory pathways that are

activated in obese individuals (30). Conversely, another study has shown that reduction in
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macrophage infiltration can decrease local inflammation in adipose tissue (45). In
accordance with these data, our findings reveal that in the adipose tissue of DIO mice
treated with diacerhein, besides the reduction in macrophage infiltration and decreased
adipocytes size, there were lower expressions of TNF-a, IL-6, IL1-f and iNOS, proving
that this drug decreases local inflammation in adipose tissue of obese mice.

Lipid accumulation in the liver is a hallmark of high-fat diet-induced insulin
resistance (42). Nonalcoholic fatty liver disease (NAFLD) often accompanies abdominal
adiposity and its pathological spectrum ranges from simple steatosis to steatohepatitis,
advanced fibrosis and cirrhosis (32). Inflammation has been recognized clearly to play a
pivotal role in the progression of this disease process. Beside this, gene disruption studies
in mice have proven that interference with insulin signaling in hepatocytes activates fat-
synthesizing enzymes in these cells and results in steatosis. (42). While in hepatic sections
of DIO mice there was a large number of fat vesicles amply distributed across the
parenchyma, mice treated with diacerhein presented liver parenchyma very similar to the
controls, with no evidence of hepatic steatosis. Taking into account that inflammatory
pathways and cytokine expression were markedly inhibited while the insulin signaling was
restored in liver of treated animals, our results corroborate with what has been known so far
now about hepatic morphologic alterations in obesity.

Proinflammatory cytokines increase NO production via increased expression of
iNOS in rat skeletal muscle and cultured myocytes and adipocytes (24). Therefore, we can
speculate that the significant reduction of iNOS expression in liver, muscle and adipose
tissue of diacerhein treated groups may be justified by the reduction of cytokines
expression in the tissues of these animals. Beside this, it is known that iNOS induction and

NO may be involved in the pathogenesis of obesity-linked T2D and that they are involved
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in the impact of insulin pathway through the S-nitrosation of proteins from its signaling
cascade (24). For this reason, the improvement in insulin sensitivity may be also related to
the reduced expression of iNOS found in the tissues of treated animals. These findings are
supported by previous study, which have demonstrated that genetic disruption of iNOS
protects against obesity-linked insulin resistance (46).

As it is known, insulin resistance and obesity demand an increase in circulating
insulin and several B-cell adaptations, including increased insulin synthesis and secretion,
hyperplasia and hypertrophy (39). Therefore, supported by the general increased insulin
sensitivity, reduction of subclinical chronic inflammation and also in agreement with
Malaguti’s work (2008), it is possible to justify the favorable morphologic alterations
regarding to the total area of pancreatic islets and B-cells found in treated groups (Suppl. 2).

In summary, our data confirm that IKKP and JNK are key modulators in the cross-
talk between inflammatory and metabolic pathways. Too few and expensive tools are
currently available to treat patients with insulin resistance and type 2 diabetes and, for this
reason, we suggest that serine kinases may provide a valuable target for the discovery of
new therapeutic drugs. In this context, diacerhein can be considered as an attractive and

more accessible alternative for the treatment of human insulin resistance and T2 diabetes.
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FIGURE LEGENDS

Figure 1. Physiologic and metabolic parameters in control mice, obese mice and obese
mice submitted to the administration of diacerhein for ten days. A: Body weight. B:
Epididymal fat pad weight. C: Total food intake D: Consumption of calories. E: Fasting
serum glucose. F: Fasting serum insulin. G: Glucose response curve during the glucose
tolerance test. H: Glucose response curve during the insulin tolerance test. I: KITT. Data
are presented as means + SEM of ten mice per group. #P < 0.05 vs. control, *P < 0.05 vs.

DIO.

Figure 2. Morphologic characterization of liver samples. A-D: Hematoxylin & eosin
staining of 5 um histological section of liver parenchyma from control mice (A), DIO mice

(B), DAR 20 mice (C) and DAR 10 mice (D). Original magnification X 400

Figure 3. Morphologic characterization of adipose tissue samples.

A-D: Hematoxylin & eosin staining of 5 um histological sections of epididymal fat pad
from control mice (A), DIO mice (B), DAR 20 mice (C) and DAR 10 mice (D).
Quantification of adipocytes area (square micrometers) (E). Red arrows: Crown-like

structures. Scale bar of 50-um for all pictures. Original magnification X 100

Figure 4. Effects of diacerhein on TNF-a, IL-1p and IL-6 mRNA tissue expression in
control mice, obese mice, and obese mice submitted to the administration of
diacerhein for ten days. Determination of TNF-a mRNA expression by real-time PCR in

the liver (A), gastrocnemius muscle (B) and epididymal adipose tissue (C). Determination
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of IL-6 mRNA expression by real-time PCR in the liver (D), gastrocnemius muscle (E) and
epididymal adipose tissue (F). Determination of IL-13 mRNA expression by real-time PCR
in the liver (G), gastrocnemius muscle (H) and epididymal adipose tissue (/). Data are
presented as means + SEM of ten mice per group, #P < 0.0001 vs. control group and *P <

0.0001 vs. DIO.

Figure 5. Effects of diacerhein administration on insulin signaling in high-fat fed mice.
Representative blots show in the liver the tyrosine phosphorylation of IR (4), IRS-1 (B),
and serine phosphorylation of Akt (C) of control mice, DIO mice, DAR20 mice and
DARI10 mice (upper panels). Total protein expression (A—C, lower panels). In the muscle,
the tyrosine phosphorylation of IRB (D), IRS-1 (E), and serine phosphorylation of Akt (F).
Total protein expression (D—F, lower panels). In the adipose tissue, the tyrosine
phosphorylation of IRB (G), IRS-1 (H), and serine phosphorylation of Akt (/) of control
mice, DIO mice, DAR20 mice and DARI10 mice (upper panels). Total protein expression
(G-I, lower panels). Data are presented as means + SEM from six mice per group, *P <

0.05 vs. control group and #P < 0.05 vs. DIO. IB, immunoblot.

Figure 6. Effects of diacerhein administration on JNK pathway in DIO mice. JNK
phosphorylation in liver (A), muscle (B), and adipose tissue (C) of control mice, DIO mice,
DAR20 mice and DAR10 mice (upper panels). Total protein expression of JNK (A-C,
lower panels). c-Jun phosphorylation in liver (D), muscle (E), and adipose tissue (F) of

control mice, DIO mice, DAR20 mice and DAR10 mice. Total protein expression of pc-Jun
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(D-F, lower panels). Data are presented as means + SEM from six mice per group, *P <

0.05 vs. control group and #P < 0.05 vs. DIO. 1B, immunoblot.

Figure 7. Effects of diacerhein administration on IKKp/IxkBa/NFkB pathway in DIO
mice. Representative blots show the IKKf phosphorylation in liver (A), muscle (B), and
adiopose tissue (C) of control mice, DIO mice, DAR20 mice and DAR10 mice (upper
panels). Total protein expression of IKKP (A—C, lower panels). IxBa phosphorylation in
liver (D), muscle (E), and adipose tissue (F) of control mice, DIO mice, DAR20 mice and
DARI10 mice (upper panels) Total protein expression of IkBa (D-F, lower panels). NFxB
p65 expression in nuclear extracts from liver (G), muscle (H), and adipose tissue (/). Total
protein expression of NFxB p65 (G-I, lower panels). Data are presented as means + SEM
from six mice per group, *P < 0.05 vs. control group and #P < 0.05 vs. DIO. IB,

immunoblot.

Figure 8. Effect of diacerhein on iNOS tissue expression in DIO mice. iNOS expression
in liver (A), muscle (B), and adipose tissue (C) of control mice, DIO mice, DAR20 mice
and DARI10 mice (upper panels). Total protein expression of iNOS (A-C, lower panels).
Data are presented as means + SEM from six mice per group, *P < 0.05 vs. control group

and #P < 0.05 vs. DIO. IB, immunoblot.

Supplemental figure 1. Effects of diacerhein on macrophages infiltration in adipose
tissue. A-D: Representative immunohistochemical staining of 5 um histological sections of
epididymal fat pad using the specific macrophage marker F4/80+. Control mice (A), DIO

mice (B), DAR 20 mice (C) and DAR 10 mice (D). Red arrows: Crown-like structures
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through F4/80+ detection. Scale bar of 50-um for all pictures. Original magnification X

100.

Supplemental figure 2. Morphologic characterization of pancreatic islets. A-D:
Representative immunostaining of 5 pm histological sections of pancreas using marked
insulin. Control mice (A), DIO mice (B), DAR 20 mice (C) and DAR 10 mice (D).
Quantification of pancreatic islets area (square micrometers) (E). Quantification of B-cells
area (square micrometers) (F). Scale bar of 50-um for all pictures. Original magnification

X 400.
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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DISCUSSAO



DISCUSSAO

E de comum acordo que a inflamagio representa fator chave na obesidade ¢ DM2
(Hotamisligil 2006; Shoelson, Lee et al. 2006). Neste trabalho, procuramos demonstrar,
pioneiramente, que a administracdo do anti-inflamatério Diacereina por 10 dias em
camundongos com obesidade induzida por dieta hiperlipidica promoveu uma melhora
notdvel na tolerdncia a glicose, diminuicdo na infiltracdo macrocitdria em adipdcitos,
reducdo da expressdo e atividade de mediadores inflamatérios acompanhada pela melhora
na sinalizacdo da insulina no figado, muisculo e tecido adiposo nesses animais. Face ao
exposto, os resultados indicam que o tratamento com Diacereina melhora a sensibilidade a
insulina na obesidade através da reversao do processo inflamatério subclinico e representa
uma alternativa terapéutica para a resisténcia ao hormonio.

Nossa hipétese inicial quanto a melhora geral observada em pardmetros metabdlicos
e moleculares apds a administracdo de Diacereina baseia-se na supressdo de mediadores
pré-inflamatdrios, importantes indutores de resisténcia a insulina, tais como citocinas e
proteinas serina quinases. Neste contexto, € bem estabelecido que a obesidade induz um
complexo de sinalizacio que ativa IKKP e JNK (Shoelson, Lee et al. 2006) e,
interessantemente, que intervengdes que inibem sua expressdo ou ativacdo melhoram de
modo significativo a sensibilidade insulinica periférica (Yuan, Konstantopoulos et al. 2001;
Hundal, Petersen et al. 2002). Corroborando tais estudos, nossos dados demonstram que
redugdes na ativacdo de IKKP e JNK em animais obesos tratados com Diacereina
aumentam os niveis de fosforizacio de importantes proteinas integrantes da via de
sinalizagdo da insulina (IR, IRS-1 e Akt), melhorando a resisténcia ao hormdnio

sistemicamente. Isto confirma a hipétese de muitos autores de que tais serina quinases sao
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possivelmente moduladoras chave no elo entre vias inflamatdrias e metabdlicas (Shoelson,
Lee et al. 2006; Tanti and Jager 2009).

Como descrito anteriormente, a intersec¢do de estimulos que ativam IKKfp e JNK e
condiches que promovem resisténcia insulinica incluem também citocinas pro-
inflamatorias. (Yuan, Konstantopoulos et al. 2001; Shoelson, Lee et al. 2006). A ativagcdo
de IKKp inicia a transcricdo génica mediada por NFkB, através da fosforilacdo e
degradacdo de IxBa, que em certas células promove um aumento da sintese de TNF-a, IL-6
e IL-1P. Estas, por sua vez, ativam as vias JNK e IKKf por meio de uma sustentada
retroalimentacdo positiva (Yuan, Konstantopoulos et al 2001;. Shoelson, Lee et al 2006),
levando a um ciclo vicioso de sinais inflamatérios subclinicos, o que intensifica o
estabelecimento da resisténcia a insulina. Nossos achados revelam que a inibi¢ao de IKKf
interrompe a perpetuagdo deste ciclo. O tratamento com Diacereina foi capaz ndo apenas de
reduzir a fosforilacio de IKK[, mas também a de IkBa e impedir a translocacdo da
subunidade p65 do NFkB para o nicleo celular, o que confirma a inativacdo do eixo IKK/
NFkB como um alvo alternativo para o tratamento da resisténcia a insulina (Shoelson, Lee
et al 2003;. Arkan, Hevener et al 2005;. Shoelson, Herrero et al 2007). Tendo em vista o
impedimento da translocacdo nuclear de NFkB, pode-se explicar, a0 menos em parte, os
baixos niveis de expressao de TNF-a, IL-6 e IL-1 detectados de modo geral no figado,
musculo e tecido adiposo dos animais tratados com Diacereina e, consequentemente, a
melhora no padrao inflamatério como um todo.

Aspirina e salicilatos, cujos efeitos benéficos no tratamento de pacientes diabéticos
tem sido conhecidos hd décadas (Shoelson, Lee et al 2006;. Tanti e Jager 2009), ndao sao
apenas bloqueadores da ciclooxigenase, mas atuam também como inibidores de IKK},

melhorando a sensibilidade a insulina em camundongos obesos (Karin, Yamamoto et al
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2004;. Shoelson, Herrero et al 2007). No entanto, a utilidade terapéutica da aspirina em
altas doses € limitada pelos efeitos antitrombdéticos e inibidores da agregacdo plaquetdria
combinados a ocorréncia de distdrbios gastrointestinais e alto risco de hemorragias
(Shoelson, Lee et al. 2006). Neste contexto, a Diacereina apresenta uma relagdo risco /
beneficio melhor do que a da aspirina, uma vez que apresenta maior tolerancia gédstrica e
raros efeitos colaterais (Fidelix, Soares et al. 2006).

Além do bloqueio da via IKKf, a Diacereina também inibiu a fosforilacdo da JNK
bem como a de seu substrato c-Jun. Em um quadro de obesidade, a atividade de JNK
encontra-se aumentada no figado, musculo e tecido adiposo (Hotamisligil 2006). Muitos
inibidores desta proteina ou a deficiéncia da isoforma JNKI1 tém demonstrado prevenir o
desenvolvimento de resisténcia insulinica, DM2 e doenga hepdtica gordurosa, além de
apresentarem efeitos benéficos na sensibilidade a insulina em modelos genéticos e
alimentares de obesidade. (Tilg Hotamisligil e 2006; Tanti Jager e 2009). A reducdo na
fosforilagdo de JNK verificada neste trabalho concorda com estudos anteriores nos quais a
inibi¢do de sua atividade no figado melhora a sensibilidade a insulina e a esteatose neste
tecido (Tanti e Jager 2009). Embora tenha sido descrito que a ativagdao de JNK em musculo
ndo contribui para a promog¢do da resisténcia insulinica (Witczak, Hirshman et al. 2006),
observaram-se niveis significativamente mais baixos de fosforilagio da proteina em
musculo gastrocnémio de animais dos grupos DAR10 e DAR20, o que acreditamos possa
ter contribuido para a melhora sistémica da sensibilidade ao hormoénio. Considerando a
reducdo da expressdo total de JNK nos camundongos tratados, ndo podemos excluir a
possibilidade de a Diacereina exercer ainda um efeito direto sobre os processos de

transcricao ou degradagdo de JNK.
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Modestas perdas de peso, alcancadas através de dieta e exercicios fisicos, pode
aumentar a sensibilidade a insulina e até mesmo reverter a resisténcia ao hormodnio
(Vazquez e Kazi 1994;. Turner, Bruce et al 2007; Toledo, Menshikova et al 2008). Muitos
inibidores de JNK com maior poténcia e seletividade tém sido divulgados (Zhao, Serby et
al 2006;. Cho, Black et al 2008), tendo um deles demonstrado efeitos benéficos quanto ao
ganho de massa corporal (Cho, Black et al 2008). Entretanto, o tratamento de 10 dias com
Diacereina em camundongos ndo provocou qualquer alteracdo no peso total, gordura
epididimal nem na quantidade de alimento ingerido, o que poderia explicar a melhora da
sensibilidade a insulina. Considerando a diferenca na ingestdo de calorias entre todos os
grupos, podemos supor que animais tratados com Diacereina podem ndo ter a mesma
regulacdo de gasto energético que os demais, embora este ponto mereca uma investigacao
mais aprofundada.

Na obesidade, a andlise de macréfagos isolados de tecido adiposo demonstra que
sdo responsdveis por quase toda a expressao tecidual de TNF-a e quantidades significativas
de IL-6, IL-1B e iINOS (Weisberg, McCann et al. 2003). Além disso, a quantidade de
macréfagos neste tecido estd elevada na obesidade e tais células participam intensamente de
vias inflamatérias superativadas em individuos obesos (Gao, Zuberi et al. 2003).
Reciprocamente, a reducdo da infiltracdo macrocitdria tem demonstrado diminuir a
inflamacdo local no tecido adiposo (Furuhashi, Tuncman et al. 2007). De acordo com esses
dados, nossos resultados evidenciam que em camundongos DIO tratados com Diacereina,
além da reducdo na infiltracio de macréfagos e diminuicdo do tamanho dos adipdcitos,
houve menor expressdao de TNF-a, IL- 6, IL-1p e iNOS, indicando que a droga diminui a

inflamacao local no tecido adiposo de animais obesos.
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O actimulo de lipidios no figado € caracteristico da resisténcia a insulina induzida
por dieta hiperlipidica (Tilg Hotamisligil e 2006). A doenca hepdtica gordurosa nao-
alcodlica (Nonalcoholic fatty liver disease — NAFLD) muitas vezes acompanha adiposidade
abdominal e seu espectro patoldgico pode evoluir de uma simples esteatose para esteato-
hepatite, fibrose avancada e cirrose (Shoelson, Lee et al. 2006). A inflamacdo tem sido
claramente reconhecida por desempenhar um papel fundamental na progressdao desta
doenca. Além disso, estudos de disrup¢do génica em camundongos provaram que a
interferéncia na sinalizacdo da insulina em hepatdcitos ativa as enzimas envolvidas na
sintese de gordura nessas células levando ao desenvolvimento da esteatose. (Tilg
Hotamisligil e 2006). Enquanto nos cortes histolégicos de figado de camundongos DIO
detectou-se um grande ndmero de vesiculas de gordura amplamente distribuidas pelo
parénquima, os animais tratados com Diacereina apresentaram parénquima muito
semelhante ao dos controles, sem qualquer evidéncia de esteatose. Tendo em vista a
inibicdo de vias inflamatdrias e expressdo de citocinas concomitante a restauracdo da
sinalizac¢do da insulina no figado de animais tratados, nossos resultados corroboram com o
que se tem descoberto até o momento sobre alteracdes morfoldgicas hepéticas induzidas
pela obesidade.

Citocinas pré-inflamatérias promovem o aumento da producdo de NO por
induzirem a expressdao de iNOS no musculo esquelético de ratos e em culturas de adipdcitos
e midcitos. (Carvalho-Filho, Ueno et al. 2005). Portanto, pode-se especular que a redugdo
significativa da expressdo de iNOS no figado, musculo e tecido adiposo dos grupos tratados
com Diacereina se justifica pela redu¢do da expressdo de citocinas nos tecidos desses
animais. Ademais, sabe-se que a inducdo da iNOS e NO pode estar envolvida na

patogénese do DM?2 ligado a obesidade e que ambas moléculas estdo relacionadas ao
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impacto da via da insulina através da S-nitrosacdo de proteinas de sua cascata de
sinalizac¢do (Carvalho-Filho, Ueno et al. 2005). Por esta razdo, a melhora na sensibilidade a
insulina também pode estar associada a reducdo da expressdo de iNOS verificada nos
tecidos dos animais tratados. Esta conclusdo apoia-se em dados da literatura, os quais
afirmam que disrupgdes génicas da iINOS possuem efeito protetor contra a resisténcia
insulinica induzida pela obesidade (Perreault e Marette 2001).

Como j4 se sabe, a resisténcia a insulina e obesidade demandam um aumento de
insulina circulante e, consequentemente, varias adaptacdes das células B, incluindo sintese e
secrecdo aumentadas do hormodnio, hiperplasia e hipertrofia (39). Portanto, baseado na
melhora sistémica da sensibilidade insulinica e do padrdo inflamatério e ainda em
concordancia com o trabalho de Malaguti e colaboradores (2008), é possivel justificar as
alteracdes morfoldgicas favoraveis relacionadas a drea total das ilhotas pancredticas e das
células P notadas nos grupos tratados (Suppl. 2).

Em resumo, nossos dados comprovam que IKKP e JNK sao moduladores-chave no
cross-talk de vias inflamatdrias e metabdlicas. Sdo poucas e dispendiosas as ferramentas
disponiveis atualmente para tratar pacientes com resisténcia a insulina e diabetes mellitus
tipo 2 e, por essa razdo, sugerimos que serina quinases representam um alvo valioso para a
descoberta de novas drogas terapéuticas. Neste contexto, consideramos a Diacereina como
uma alternativa atraente e mais acessivel para o tratamento da resisténcia a insulina e DM?2

em humanos.
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CONCLUSOES

A administracdo do composto Diacereina em camundongos obesos melhorou
expressivamente a sinalizac@o intracelular da insulina no figado, musculo e tecido adiposo
desses animais. A melhora decorre, sobretudo, do aumento da fosforilacao de proteinas da
via insulinica e diminui¢do da fosforilacdo de proteinas da via inflamatéria (JNK e IKKp).

A inibicdo dos moduladores negativos da cascata de sinalizacdo da insulina permitiu
a significativa reducdo da expressdo de citocinas pré-inflamatérias no figado, misculo e
tecido adiposo além de impedir o acdimulo de macréfagos sobre adipdcitos e reverter o
quadro de esteatose hepatica.

A recuperagdo da ac¢do insulinica nos tecidos dos animais obesos tratados refletiu-se
na melhora de pardmetros metabdlicos associados a resisténcia a insulina como o aumento
da tolerdncia a glicose e diminuicdo dos niveis séricos basais de insulina e glicemia de

jejum.

CONCLUSAO GERAL

Tendo em vista os resultados expostos, concluimos que a Diacereina revela-se como

uma alternativa terapéutica em potencial para reverter ou ao menos melhorar o quadro

clinico de DM2 e resisténcia a insulina associados a obesidade.
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APENDICE I

TABELA 1. Quantificacdo e valores nutricionais das substancias componentes da dieta

hiperlipidica consumida pelo grupo DIO

Racao Dieta
Ingredientes convencional hiperlipidica

(g/Kg) Kcal/Kg (g/Kg) Kcal/Kg
Amido de milho
(Q.S.P) 397,5 1590 115,5 462
Caseina 200 800 200 800
Sacarose 100 400 100 400
Amido dextrinado 132 528 132 528
Banha de porco - - 312 2808
Oleo de Soja 70 630 40 360
Celulose 50 - 50 -
Mistura/minerais 35 - 35 -
Mistura/vitaminas 10 - 10 -
L-cistina 3 - 3 -
Colina 2,5 - 2,5 -
Total 1000 3948 1000 5358
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