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ZARPELON, Ana Carla. Avaliagdo do efeito terapéutico da budleina A em
modelo de artrite em camundongos. 2011. 103f. Dissertacdo (Mestrado em
Patologia Experimental) - Universidade Estadual de Londrina, Londrina, 2011.

RESUMO

A artrite reumatdéide € uma doenca crénica, auto-imune, caracterizada por lesdes
articulares graves, recrutamento de linfocitos tanto Th1 quanto Th17, e produgéo das
citocinas envolvidas nesses padrées de resposta. A gota também é um tipo de
artrite, porém esta é caracterizada pela deposicéo de cristais de urato monossoédico
nas articulagcdes e tecidos periarticulares, apresentando dor e rigidez intensa. Existe
atualmente uma série de terapias, como por exemplo, as que inibem a agao das
citocinas, anti-TNF e anti-IL-1, e os glicocorticoides que de maneira receptor-
dependente inibem a ativagéo e/ou atividade do fator de transcrigdo NFkB. Contudo,
apesar da inibicdo da atividade/ativacédo do NFkB ser um mecanismo antiinflamatério
eficaz, os efeitos adversos relacionados a atividade hormonal dos glicocorticéides
limitam o seu uso. Dessa forma, a inibicao da ativacdo do NFkB por drogas que néo
apresentem efeitos adversos hormonais semelhantes aos glicocorticéides € uma
estratégia promissora. Nesse sentido, foi demonstrada recentemente a atividade da
budleina A, uma lactona sesquiterpénica, em um modelo de inflamagéo inata aguda
induzida por carragenina, o qual estad relacionado a inibicdo da producédo de
citocinas como TNFa e IL-1B3. Outro estudo demonstrou in vitro que a budleina A
inibe a ativagédo do NFkB. Porém, nao foi investigada a sua atividade em modelos de
artrite. Assim, propomos no presente estudo a investigacao do efeito terapéutico da
budleina A em modelo de artrite induzida por antigeno e gota induzida pela
administragado intra-articular de cristais de urato monosoédico. O modelo de artrite
induzida pela imunizagdo e desafio intra-articular com antigeno protéico € um
modelo de resposta auto-imune com ativagéo do fator transcricional pré-inflamatério
NFkB, bem como o modelo de gota em camundongos. Neste trabalho, pudemos
observar que o tratamento com a budleina A inibiu a inflamacao (hiperalgesia
mecanica, edema e recrutamento de leucécitos), e a produgdo de citocinas
caracteristicas nos modelos de artrite induzida por antigeno e gota. Dessa forma, os
resultados demonstram a aplicabilidade da budleina na artrite reumatoide e gotosa
por inibir o processo inflamatério relacionado a produgao de citocinas provavelmente
por um mecanismos dependente da inibigdo da ativacdo do NFkB.

Palavras-chave: Budleina. Hipernocicepcdo. Artrite. Gota. Dor inflamatéria.
Citocinas. Migragao de neutrofilos.
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ZARPELON, Ana Carla. Evaluation of the therapeutic effect of budlein A on
models of arthritis in mice. 2011. 103f. Dissertacdo (Mestrado em Patologia
Experimental) - Universidade Estadual de Londrina, Londrina, 2011.

ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by articular
lesions, recruitment of Th1 and Th17 lymphocytes, and production of cytokines
related to these lymphocytes. Moreover, the gout is also a type of arthritis, but is
characterized by accumulation of monosodium urate crystals in joints and
periarticular tissues resulting in intense inflammation with pain and stiffness. In this
sense, cytokine targeting therapies such as anti-TNF and anti-IL-1, and
glucocorticoids that inhibit the activation of the transcription factor NFkB acting on
glucocorticoid receptors are effective strategies in arthritis. Nevertheless, although
inhibition of NFkB activity is an effective anti-inflammatory mechanism of
glucocorticoids, their adverse hormonal effects limit their use. Therefore, a drug that
inhibits NFkB activation without the adverse side effects of glucocorticods would be a
suitable therapeutic strategy. Recent studies demonstrated that the sesquiterpenic
lactone, budlein A, inhibits innate inflammation induced by carrageenin, which is
associated to cytokines production (TNFa and IL-1B) inhibition. Another study
demonstrated in vitro that Budlein A inhibited NFkB activation. However, it is not
known whether budlein A represents a possible therapeutic approach in diseases
related to NFkB activation such as rheumatoid arthritis and gout arthritis. Therefore,
in the present study we evaluated the therapeutic effect of budein A in antigen
induced-arthritis (AlA) and gouty arthritis induced by mono-sodium urate crystals
injection directly on the joint. The antigen induced-arthritis and gout arthritis models
course are dependent on NFkB-dependent cytokine production. Herein, it was
detected reduced inflammation (mechanical hyperalgesia, odema and leucocytes
recruitment) and cytokine production in the antigen-induced arthritis model in a 6 day
schedule budlein A treatment with no detectable liver side effects. Similar results
were obtained in the gout arthritis model. These results demonstrate that budlein A
treatment inhibits prolonged inflammation in antigen-induced and gouty arthritis by
inhibiting the inflammatory process related to cytokine production, likely to be
dependent on the NFkB activation.

Keywords: Budlein A. Hypernociception. Arthritis. Gouty. Inflammatory pain.
Cytokines. Neutrophil migration.
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1.1. Inflamacéo

A capacidade do organismo em desenvolver uma resposta inflamatéria é
fundamental a sobrevivéncia e manutencdo da homeostasia em vista aos
patdbgenos e lesbes ambientais a que estamos susceptiveis. A inflamacéo é
geralmente acompanhada de sinais cardinais: edema, calor, rubor, dor e perda
da funcéo (Insel et al., 1996; Gallyn & Snyderman, 1999).

As respostas inflamatorias ocorrem de modo geral em trés fases
diferentes, cada qual aparentemente mediada por mecanismos diversos: 1.
fase transitoria aguda caracterizada por vasodilatagdo de arteriolas, capilares e
vénulas, e com aumento da permeabilidade, do fluxo sanguineo e exsudacao
de proteinas do plasma; 2. fase subaguda ou tardia, marcada principalmente
pela infiltracdo dos leucocitos e células fagocitarias; e 3. fase proliferativa
cronica, na qual ha degeneracao tecidual e fibrose (Insel et al., 1996; Gallin &
Snyderman, 1999).

O processo inflamatério € essencial para sobrevivéncia de qualquer
individuo, porém este quando exacerbado causa desequilibrio na homeostase.
Anteriormente, acredita-se que as caracteristicas da inflamacao constituiam
processos independentes, tais como dor, edema e migracéo leucocitaria.
Porém, Wedmore e Williams (1991) demonstraram que diferentes agentes
quimiotaticos podem desencadear a migracado de leucocitos, e que estes tém
participagdo central no aumento da permeabilidade e formagéo do exsudato,
bem como no desencadeamento da hiperalgesia inflamatéria (Levine et al.,

1984; Bisgaard & Kristensen, 1985).
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Devido a vasodilatacdo de arteriolas, capilares e vénulas, advém o
aumento da permeabilidade vascular, culminando em hiperemia vascular e,
consequentemente, aumento da temperatura local bem como o rubor ou
vermelhiddo.

Um importante componente da resposta inflamatéria é o recrutamento
de leucocitos (ex. neutrofilos, mondcitos e linfécitos) para o foco inflamatorio
(Valerio et al., 2007; Verri et al., 2007 e 2010; Souto et al., 2011). Num primeiro
momento, neutrofilos sdo recrutados por citocinas (fator de necrose tumoral e
interleucina -1B) levando a fagocitose e eliminacédo do agente infeccioso no
foco inflamatério. Todavia, a inflamagéo excessiva causa dano ao tecido
(Lemos et al., 2009; Verri et al., 2010).

A dor, por sua vez, é originada de mecanismos mais complexos, sendo
definida pela Associagao Internacional para o Estudo da Dor (IASP) como “‘uma
experiéncia sensorial e emocional desagradavel associada ou ndo a uma lesao
tecidual” (Florez et al., 1993). Para compreender os mecanismos associados a
dor, é necessario o esclarecimento de alguns termos. A nocicep¢ao (do latim
nocere, “ferir’), é o resultado da deteccdo de estimulos capazes de
comprometer a integridade fisica de um organismo (estimulos nociceptivos).
Além disso, existem receptores sensoriais especificos os quais detectam a
percepcédo de estimulos prejudiciais pelo sistema nervoso central, chamados
de nociceptores (Basbaum and Jessell, 2000). A estimulagdo dos nociceptores
periféricos faz com que a informagéo nociceptiva seja conduzida através das
fibras aferentes primarias (neurdnios de primeira a ordem) ao sistema nervoso
central (SNC). Além disso, outros termos s&o utilizados na pratica experimental

relacionados a dor inflamatéria, tais como alodinia (dor decorrente de um
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estimulo normalmente ndo doloroso) e hiperalgesia (resposta exacerbada a um
estimulo doloroso).

As respostas nociceptivas sao conduzidas através de fibras, as quais se
dividem em duas classes maiores (Meyer et al, 2008). A primeira inclui as fibras
C, finas (didametro de 0,4 a 1,2 mm), nao mielinizadas, e de conducgéo lenta (0,5
a 2 m/s) responsaveis pela dor de longa duragéo, com localizagdo pobre e
difusa, estas sdo conhecidas como polimodais, pois sao capazes de responder
a estimulos mecéanicos, térmicos e quimicos. A segunda classe sao as fibras
Ad, sendo essas de diametro médio (2 a 6 mm), pouco mielinizadas, de
condugéo intermediaria (2 a 30 m/s), responsaveis pela dor de curta duragcao
(dor aguda) (Meyer et al, 2008). Além das fibras Ad, seus subtipos e as fibras
C, existe outro tipo de fibras, conhecidas como AR, as quais sdo amplamente
mielinizadas, e de grande diametro, responsaveis por estimulos ino6cuos
aplicados a pele, musculos (consideradas tateis), e normalmente nao
contribuem para a dor. Porém, podem passar a responder como nociceptores
em certas patologias, como na neuropatia onde ocorre uma plasticidade
neuronal (Bausbam, 2009). Outra populacdo de nociceptores s&do o0s
silenciosos ou “sleeping”, que tornam se responsivos somente quando
sensibilizados (Jullius and Basbaum, 2001).

Quanto a hiperalgesia mecanica na inflamag¢ao por estimulo como a
carragenina, sendo este um modelo classico para estudo da fisiopatologia da
dor, existem evidéncias da participacao de mediadores indiretos e diretos. Os
mediadores indiretos sdo constituidos pelas citocinas pro-inflamatérias como o
TNFa, IL-1B e quimiocina CXCL1 em camundongos (IL-8 em humanos e CINC-

1 em ratos). Essas citocinas agem de maneira coordenada e interdependente
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no sentido de que apds o estimulo como a carragenina, ocorre a producao de
TNFa e CXCL1. Ambas induzem a producédo de IL-13 que por sua vez ativa a
ciclooxigenase (COX) e ocorre a producdo de prostaglandina E; (PGE;). A
CXCL1 também induz a liberagdo de aminas simpaticas. Essa cascata de
citocinas representa os mediadores indiretos, pois, atuam via liberacdo de
mediadores diretos como a PGE; e aminas simpaticas que atuam diretamente
em seus receptores nos neurdnios nociceptivos aferentes primarios causando a
sensibilizagao desses neurdnios (Cunha et al., 2005; Verri et al., 2006).

A sensibilizacdo induzida pelos mediadores diretos como a PGE; se
refere a dois fendmenos: 1) a PGE, sensibiliza nociceptores que estao
normalmente silenciosos (“sleeping nociceptors”) durante o processo
inflamatorio, e como resultado ha maior numero de fibras nociceptivas sendo
ativadas durante a inflamacéo; 2) a PGE; facilita a despolarizacéo induzida por
outros mediadores quimicos como a bradicina, estimulos térmicos ou
mecanicos de alta intensidade. Essa facilitacdo da despolarizagdo neuronal
resulta da ativacdo dos receptores para PGE, acoplados a proteina Gs, que
estimulam a adenilato ciclase com consequlente ativagcado da proteina quinase
dependente do AMPc (PKA), a qual fosforila canais de sédio sensiveis a
tetrodotoxina causando a sensibilizacdo neuronal. Contudo, o aumento intra-
neuronal de soédio induzido pela PGE, em doses relacionadas com a
hiperalgesia mecanica néo € suficiente para despolarizagao do neurbnio, mas
facilita a despolarizagdo induzida por outros mediadores e estimulos. Dessa
forma, os mediadores diretos ou finais causam a sensibilizacdo dos neurdnios
nociceptivos e sua produgdo esta intimamente relacionada com a produgéo

prévia de citocinas pré-inflamatérias (Verri et al., 2006).
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Além das citocinas pro-inflamatérias existe a participagcdo de outras
moléculas pré-nociceptivas como o peptideo endotelina-1 (ET-1). A ET-1
medeia a hiperalgesia induzida por citocinas como TNFa, IL-1B3, IL-12, IL-15,
IL-18 e IL-33, e a hiperalgesia induzida pela ET-1 depende pelo menos
parcialmente da producédo de PGE, (Conte et al.,2008; Verri et al., 2008;
Khodorova et al., 2004).

Por outro lado, citocinas como a IL-10 tem um papel antinociceptivo
endogeno porque reduzem a produgdo de TNFa e IL-1B. Dessa forma, a
inibicdo da atividade da IL-10 resulta em aumento da hiperalgesia induzida pela
carragenina e em outros modelos inflamatérios também ocorre a exacerbagao
do processo. Ademais, o tratamento com IL-10 reduz a hiperalgesia no modelo
da carragenina e em modelos de dor neuropatica (Poole et al., 1995; Milligan et
al., 2005; Milligan et al., 2006).

Assim, verifica-se que a habilidade de detectar estimulos potencialmente
nociceptivos pelo sistema somatosensorial € um mecanismo de protecdo muito
importante que envolve a interacéo de varios mecanismos periféricos e centrais
(Cousins & Cohen, 2005). A perda de funcdo resultante do processo
inflamatério pode ser exemplificada na artrite reumatdide, na qual o edema
articular e a dor limitam a movimentagdo do membro ao passo que a leséo da
cartilagem e mesmo tecido 6sseo resultam da ativagdo de células residentes e
migratérias que reconhecem estruturas proprias como sendo antigenos e

produzem diversas proteases (Mclnnes & Liew, 2005).
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1.2. Artrite Reumatodide

A artrite reumatéide (AR) & uma doenca inflamatéria crénica auto-imune
de etiologia desconhecida, apresentando manifestagdes locais e sistémicas,
tais como aumento de infiltrado de células imunes (neutréfilos, células T, B e
macrofagos) no interior da membrana sinovial, cavidades e tecidos
periarticulares (Pinto et al., 2009; Harris et al., 1990; Firestein et al., 2003). As
causas atualmente descritas como provaveis desencadeadoras da AR sédo, a
presenca de um artritogénico exdgeno primario (agente infeccioso
inespecifico), susceptibilidade genética, uma reacdo auto-imune tendo como
alvo as membranas sinoviais e mediadores inflamatérios promovendo o dano
articular (Harris et al., 1990).

A AR ¢é uma inflamagdo poli-articular simétrica que acomete
principalmente e primeiramente em pequenas articulagbes das méos, pés até
joelhos e cotovelos. Esta é capaz de gerar uma alteracéo irreversivel da
capsula e da cartilagem articular, ja que além da inflamagcdo da membrana
sinovial ocorre a formacao do pannus (interface entre a cartilagem e o sitio de
erosdo ativa) aumentando a rigidez, impossibilitando assim a movimentacgéo
adequada.

Quanto a sensibilizacao periférica durante a inflamagao das articulagbes,
numerosos neurdnios aferentes primarios sao sensibilizados pelos mediadores
inflamatorios produzidos. Assim, estimulos sublimiares antes nao nociceptivos
para os mecanoreceptores acarretam em uma resposta exacerbada frente a
estimulos mecanicos como os que ocorrem na movimentagdo. Ou seja, 0s

nociceptores tornam-se sensibilizados e preparados para responder a baixas
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pressbes articulares e a qualquer movimento que necessite de alguma
atividade das articulagdes. Varias unidades das fibras mielinizadas finas (Ad)
ou ndo mielinizadas (fibras C) e também os nociceptores silenciosos tornam-se
responsivos a estimulacdo mecanica nas articulacbes e contribuem para
ativacao dos neurdnios aferentes primarios durante a inflamagéo (Schaible et
al., 2002).

Outro fator relevante na AR é a presenga de inumeras células nos
fluidos e cavidade articular, e peri-articulares incluindo um grande numero de
neutrofilos, células T, células B e macréfagos, além da proliferagcdo de
sinoviocitos do tipo fibroblastos e do tipo macréfago na cavidade articular e
sindvia tornam a camada de revestimento hiperplasica. Aléem disso, comegam a
ser expressas no local enzimas de degradagdo, incluindo metaloproteinases,
serina proteases e agrecanases, as quais digerem-se a matriz extracelular
ocasionando eroséo e destruicdo da cartilagem e osso (Firestein et al., 2003;
Harris et al., 1990).

Com a intensa participagado celular na AR, o infiltrado inflamatério tem
sido associado aos principais danos teciduais nesta doencga. Os neutrofilos séo
a maioria, chegando a somar 90% do infiltrado leucocitario no fluido sinovial, na
cartilagem e no pannus dos pacientes acometidos pela AR (Hollingsworth et al.,
1967; Mohr et al., 1995). O neutréfilo permanece viavel no foco inflamatério
cerca de 24-48 hs apds o seu recrutamento, entrando em apoptose e sendo
progressivamente substituido por mononucleares. Em doencgas cronicas como
a AR, o neutréfilo pode permanecer por mais tempo na articulagdo, sendo

responsavel em grande parte pela leséo articular. De fato, a supresséao do gene
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FOXO3a, o qual reprime a expressdo de fas ligante, induz a apoptose de
neutrofilos reduzindo a les&o articular em modelo de AR (Jonsson et al., 2005).

Os neutrofilos sdo células secretoras e pela interagdo com uma ampla
variedade de estimulos (mediadores produzidos pelas células residentes ou
componentes do préprio antigeno) no foco inflamatério liberam agentes
microbicidas, proé-inflamatérios e que degradam a matriz extracelular. Pelo
menos trés vias diferentes foram descritas em fagécitos. Dentro de segundos
apos a interacao dos neutrofilos com agonistas, ocorre a liberagdo de espécies
reativas do oxigénio e produtos lipidicos. Logo depois, dentro de segundos-
minutos, ocorre a liberagdo de enzimas pré-formadas e proteinas que estavam
armazenadas dentro de vesiculas. Finalmente, a ativagdo da transcricdo de
genes resulta (dentro de poucas horas) na producdo e secrecao de citocinas
pré-inflamatérias (Berton et al., 1999). Os neutréfilos expostos a uma variedade
de citocinas proé-inflamatérias aumentam sua atividade na liberagdo dos
mediadores citotoxicos ja citados e também das proprias citocinas,
aumentando assim a destruigao articular (Feldmann et al., 1990).

Keystone em 1977 demonstrou pela primeira vez que a administracao
intraarticular de zymosan (componente da parede celular de fungos),
apresentava caracteristicas semelhantes a AR, com degradacdo articular,
formacao de pannus, infiltrado neutrofilico e hipertrofia. Apds algum tempo,
Guerreiro et al. 2006, descreveu um modelo para avaliagao da hipernocicepgéo
articular induzida por zimosan que consiste na flexao da articulagéo inflamada.

Existem alguns modelos para o estudo da inflamacdo que se

assemelham a artrite reumatdide. Alguns utilizam a administragdo de
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componentes microbianos diretamente na articulagdo, outros utilizam a
imunizagao dos animais com desafio local ou sistémico com o antigeno.

Um exemplo de modelo com caracteristicas da artrite reumatoide é o de
artrite induzida pela imunizag&o e desafio com metil éster da albumina do soro
bovino (MBSA). Neste protocolo é utilizada como adjuvante o CFA, que induz
uma polarizagédo da resposta inflamatéria para Th1/Th17. Neste modelo ja
foram demonstradas as lesbes articulares e participagéo de diversas citocinas,
bem como o recrutamento de células como os neutrofilos, edema e
hiperalgesia mecanica (Brackertz et al., 1977).

A administracdo do antigeno (mBSA) intraplantar ou articular tibio-tarsal
de camundongos previamente imunizados produz diminuigdo do limiar
nociceptivo de forma dose e tempo dependente, sendo o efeito
hipernociceptivo intraplantar dependente da liberacédo de TNF-a, IL-18 e KC,
via liberagdo de prostandides e aminas simpaticas (Cunha et al., 2008; Verri et
al., 2008). Verri et al. (2008) demonstrou a participacao da IL-33 (uma citocina
proé-inflamatéria da familia da IL-1) na hipernocicepgéo articular e cutanea
induzida por antigeno, antecedendo a liberacdo dos mediadores descritos
acima.

A dor é uma das principais queixas do paciente com artrite reumatoide,
uma vez que o impossibilita das atividades diarias, comprometendo a qualidade
de vida do individuo. As terapias atuais para o controle da artrite reumatdide
apresentam efeitos colaterais como a imunossupresséo o que se confirma pelo
aumenta da incidéncia de artrite séptica em pacientes com artrite reumatdide
(corticosteroides, imunobiologicos) (Favero et al., 2008; Ma et al., 2009) ou o

aumento do risco de incidentes cardiovasculares pela inibicdo da COX-2
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endotelial (inibidores altamente seletivos para a COX-2). Nesse sentido, faz-se
necessaria a busca de novas terapias. Nao é necessario que as novas terapias
nao apresentem efeitos colaterais ou mesmo n&o apresentem outros efeitos
colaterais, mas novas possibilidades terapéuticas possibilitardo a escolha da

melhor abordagem terapéutica para cada paciente com AR.

1.3. Gota

A gota é uma forma de artrite causada pela deposicéo de cristais de
urato monossaodico (MSU) nas articulagbes e tecidos adjacentes. Os cristais de
MSU induzem uma reacgao inflamatéria que se manifesta com intensa dor,
edema e eritema (Chia et al., 2008; Schweyer et al., 2000). Ademais, apesar de
nao ser um sinal clinico da gota, esta também é caracterizada pelo e infiltrado
neutrofilico intenso. Estes neutrofilos apresentam papel importante como
produtores de anion superoxido e radicais livres, citocinas pro-inflamatorias e
metaloproteases (Chia et al., 2008).

A artrite gotosa € conseqiiéncia de desordens metabdlicas comuns que
gerem a hiperuricemia crénica, que por sua vez resulta na deposi¢cao crénica
de cristais de MSU nos tecidos em aglomerados microscopicos e as vezes
macroscopicos.

A gota pode se classificar como primaria e secundaria. A forma primaria
€ de causa desconhecida e tem algum componente genético (hereditario),
sendo a mais comum. Ja a secundaria desenvolve-se em consequéncia de
outra doenca ou alguns medicamentos. Dentre as doengas que estéo
associadas a gota pode-se citar: doengas hemoliticas, doencas

mieloproliferativas, insuficiéncia renal, obesidade, hipertensdo arterial,
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hipotireoidismo, etc. A ingestdo de bebida alcodlica € também uma causa
comum de hiperuricemia, podendo causar a gota.

Associados as deficiéncias/alteracbes metabdlica, existem quadros de
agudizagao, nos quais, cerca de 1% da populagcéo adulta é alvo de eventos
especificos como trauma, cirurgia, excesso de alcool ou drogas, que podem
afetar os niveis de urato no soro. Tais eventos podem estimular a formacao dos
cristais de MSU, os quais precipitam nos tecidos, tornando os fluidos
supersaturados (Tak et al., 1980).

Atualmente o que se tem é que a liberagao de citocinas parece ser um
evento importante na resposta inflamatéria e conseqliente patofisiologia da
gota. Em particular, citocinas como a interleucina-1 (IL-18), TNF-a e IL-8 de
monocitos € macréfagos que tentam realizar a fagocitose dos cristais de urato
tem papel central na iniciacdo e propagacéao da resposta inflamatéria.

Nesta doenca reumatica as primeiras células a serem recrutadas sao os
neutréfilos, os quais se acumulam nos fluidos articulares € na membrana
sinovial sofrendo membrandlise, geracao de radicais livres, liberagdo de
enzimas lisossomais, prostagladina E, leucotrienos e interleucinas como a IL-
18 (Terkeltaub et al, 2004). Acredita-se entdo que estes eventos sé&o
importantes para a inflamagéo decorrente dos cristais de urato (Rasool et al.,
2006).

No organismo, os cristais de MSU podem apresentar em sua surperficie
inumeros ligantes reativos dentre mais de 25 proteinas séricas, e também
proteinas de membrana como as integrinas (Terkeltaub et al., 1983; Jaques et
al., 1982; Barabe et al., 1998). Assim, os cristais de MSU sao capazes de ativar

tanto a via classica quanto a via alternativa do sistema complemento.
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Outro grupo de receptores que participam da fisiopatologia da gota s&o
os receptores semelhantes ao Toll (TLR). Segundo Liu-Bryan em 2005, a
estrutura e funcdo dos TLR-2 e TLR-4 contribuem para variabilidade no
fendtipo clinico da gota em humanos. Nesse estudo, eles demonstram que
tanto os TLR-2 e TLR-4 e sua proteina acessoéria MyD88 participam da
inflamagdo em um ambiente livre de endotoxinas.

O tratamento da gota se divide em dois periodos: o tratamento das
crises e a profilaxia destas. No momento das crises sao utilizados
antiinflamatérios ndo esteroidais (AINEs) e colchicina. A colchicina é menos
téxica do que os anti-inflamatérios (especialmente para os rins e estbmago) e
controla a gota eficazmente, mas pode causar efeitos colaterais desagradaveis,
como nauseas, vomitos e diarréia. Uma vez cessada a crise de gota, o
tratamento se volta para a diminuicdo dos niveis de acido urico, e a droga mais
usada para este objetivo é o alopurinol, tendo como efeitos colaterais as
reacdes de hipersensibilidade. Conhecendo os efeitos colaterais fica clara a

necessidade do desenvolvimento de novas terapias (Martin et al, 2009).

1.4. Budleina A

A atividade medicinal de algumas plantas, incluindo a familia
Asteraceae, é atribuida ao seu conteudo de lactbnas sesquiterpénicas incluindo
micanolido, helenalina, partenolido, artemisinina, glutarato de bis (isoalantodiol-
B). As atividades in vitro das lactonas sesquiterpénicas englobam efeitos
antimicrobianos (Pickman et al., 1986), antivirais (Meshnick et al., 2002) e

antitumorais (Chen et al., 1994).
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As lactonas sesquiterpénicas também s&o drogas antiinflamatérias
promissoras. Elas inibem a formagcdo de edema em modelos de granuloma por
algodao, adjuvante completo de Freund, 4-beta-forbol 12-miristato 13-acetato,
formalina e carragenina (Damre et al., 2003; Guardia et al., 2003; Abil'daeva et
al., 2004; Silvan et al., 1996; Feltenstein et al., 2004). Ademais, apresentam
efeito antinociceptivo no modelo de contorgdes abdominais induzidas por acido
acético (ex. partenolido, costunolido, dehidrocostus lactona) (Jain and Kulkarni,
1999; Okugawa et al., 2000; Ahmed et al., 2001).

A budleina A é uma lactona sesquiterpénica que foi previamente isolada
da Viguiera buddleiaeformis (de Vivar et al., 1976). Mesmo tendo sido isolada
inicialmente na década de 70, existem apenas trés estudos in vitro
demonstrando que a budleina A inibe a mobilidade de espermatozoides
(Huacuja et al.,, 1993), a liberagcdo de elastase por neutréfilos ativados
(Arakawa et al., 2008) e a ativacao de NF-kB (Siedle et al., 2004). A inibicdo da
ativacdo do NF-kB pela prevengdo da degradagdo do IkB foi descrita para
outras lactonas sesquiterpénicas como isogoiazensolido, centraterina,
atripliciolido tiglato (Hehner et al., 1998, Ringeler et al., 1999; Siedle et al.,
2004). A ativagao desse fator de transcricdo estd envolvida na producdo de
varios mediadores pré-inflamatérios. Apos sua ativagao, o NF-kB sofre uma
translocacdo do citoplasma para o nucleo celular e induz a expressdo de
citocinas como o TNFa, IL-1B, IL-6, enzimas como a ciclooxigenase-2 e
moléculas de adesado (L-selectinas, ICAM-1) (Baeuerle and Henkel, 1994,
Baeuerle and Baltimore, 1996; May and Ghosh, 1998; Barnes et al., 2006), as

quais sao importantes para a génese dos sinais cardinais da inflamacéo.

32



Neste contexto, Valério et al. (2007) demonstrou in vivo que o tratamento
por via oral com budleina A inibe a migracdo de leucdcitos, edema e
hiperalgesia (resposta exacerbada a um estimulo doloroso) mecanica induzidos
pela carragenina e adjuvante completo de Freund. A inibigdo desses sinais da
inflamacéo pela budleina A esta relacionada a inibicdo da producéo de
citocinas. Além disso, a budleina A ndo apresenta efeitos colaterais como
lesdes gastricas observadas com inibidores da cicloxigenase como a
indometacina, e presumivelmente ndo apresenta efeitos colaterais hormonais
como os observados no tratamento crénico com corticosteréides (Valério et al,
2007), pois néo agem através da ativagcéo de receptores citoplasmaticos como
os corticosterodides, a budleina A deve agir diretamente no NFkB ou IkB (Siedle
et al., 2004; Valério et al., 2007). Dessa forma, fica evidente o potencial
terapéutico antiinflamatério da budleina A pelo menos em modelos de resposta
inflamatoria inata como da carragenina e adjuvante completo de Freund
(Valério et al., 2007).

Nesse sentido, a budleina A parece ser uma droga com grande potencial
terapéutico para doengas crénicas com envolvimento da producgéo de citocinas

como a artrite reumatdide e artrite gotosa.
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2. Objetivos
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Objetivo Geral
Investigar os efeitos anti-inflamatorio e analgésico, e mecanismo de acdo da
lactona sesquiterpénica budleina A nos modelo de artrite induzida por antigeno

e gota em camundongos.

Objetivos Especificos - Artrite induzida por antigeno:

1. Avaliar se o tratamento com budleina A reduz de maneira dose-
dependente a hiperalgesia mecanica, edema e migracao de leucocitos
para a articulagao fémur-tibial induzida pelo desafio com mBSA em
camundongos previamente imunizados.

2. Avaliar o efeito do tratamento com budleina A sobre a perda de
proteoglicanos induzida pelo desafio com mBSA em camundongos
imunizados;

3. Avaliar se o tratamento crénico com budleina A em dose terapéutica
induz efeitos toxicos/adversos através dos niveis de enzimas hepaticas
e parametros de leséo gastrica;

4. Avaliar se o efeito anti-inflamatorio e analgésico da budleina A estaria
relacionado a inibicdo da producdo de citocinas pré-inflamatérias

induzidas pelo desafio com mBSA em animais imunizados;

Objetivos Especificos - Artrite gotosa:
1. Padronizacéo de dose e tempo para avaliagédo da inflamagao induzida

pela administragédo de cristais de urato monossoédico (MSU);
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2. Avaliar se o tratamento com budleina A reduz de maneira dose-
dependente a inflamacéo induzida no modelo de gota;
3. Avaliar se o efeito anti-inflamatério e analgésico da budleina A estaria

relacionado a inibicdo da produgédo de citocinas no modelo de gota;
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ANEXO 1:
The sesquiterpene lactone “budleinA”, inhility

antiger-induced awrthwitis in mice.
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Abstract

Introduction: Rheumatoid arthritis (RA) is a chronic autoimmune disease
characterized by articular lesions, recruitment of inflammatory cells and cytokine
production. Therefore, corticoids, which diminish cytokine production by
inhibition of NFkB activation and/or activity, are therapeutically effective.
Nevertheless, although inhibition of NFkB activity is an effective anti-
inflammatory mechanism of corticoids, their adverse hormonal effects limit their
use. Therefore, a drug that inhibits NFkB activation without the adverse side
effects of corticods would be a suitable therapeutic strategy. Methods: Antigen-
induced arthritis (AlIA) was induced in C57BL/6 mice by immunization with
500ug of methylated bovine serum albumine (mMBSA) in 0.2ml of an emulsion
containing saline and complete Freund’s adjuvant subcutaneously (s.c.) on the
day 0 and 7, and intraarticular (i.a.) challenge with mBSA (30ug/cavity) on day
21 and 24. Immunized mice were pre-treated with dexamethasone (2mg/Kg) as
control and budlein A (1 or 10mg/kg, p.o.) 30 min before intrarticular injection of
mBSA and then, every 24 h. Articular hypernociception and edema were
determined by electronic pressure meter test and analog caliper, respectively.
Leukocyte migration was determined using Neubauer chamber and Rosenfelt
stained slices. The proteoglycans dosage was determined by DMMB method,
and cytokines by ELISA. To evaluated if the budlein A induces liver and
stomach damage we performed the ALT, AST and myeloperoxidase activities.
Results: The oral treatment with budlein A for 6 days dose (1 and 10 mg/kg)-
dependently inhibited mBSA-induced mechanical hypernociception, oedema,

total leucocytes, neutrophils recruitment and proteoglycans loss. Cytokine
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production in the spinal cord was also reduced in the 24™ day. There was no
detectable side effect such as gastric lesions or liver damage as addressed by
ALT and AST levels, due to budlein A treatment. Conclusions: These results
suggested that budlein A treatment might be a suitable approach in rheumatoid
arthritis therapy by inhibiting inflammation-induced cytokine production with
reduced side effects.

Keywords: budlein A, rheumatoid arthritis, pain, inflammation.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease with 1%
prevalence in the modern world. It comprises a syndrome of pain, stiffness, and
symmetrical synovitis (inflammation of the synovial membrane). RA is
characterized by an increase in infiltration of immune cells (including
neutrophils, T cells, B cells and macrophage) into the synovial membrane,
cavity and periarticular tissues, and the effector function of each of these cells is
orchestrated mainly by a network of cytokines such as TNFa and IL-13 (Pinto et
al., 2010; Harris et al., 1990; Brackertz et al., 1977; Gabay and Mclnnes, 2009;
Robert et al., 2009).

One of the most prevalent symptoms of RA is the increase in the
sensitivity to joint pain due to nociceptor sensitization, which usually leads to
clinical conditions known as hyperalgesia (an increased response to a stimulus
that is normally painful) that cause movement limitations (Verri et al., 2006). In
RA both thin myelinated (Ad fibers) and unmyelinated (C fibers) neurons
become sensitized and start to respond to light pressure and movements in the
working range of the joint. Finally, mechanoinsensitive fibers (silent nociceptors)
become responsive to mechanical stimulation of the joint and contribute to the
afferent inflow into the spinal cord during inflammation. The consequence of
these processes is that under inflammatory conditions the nociceptive system is
activated by the normally innocuous and nonpainful mechanical stimuli
(Schaible et al., 2002).

The experience of pain is generally associated with enhance release of
pro-inflammatory cytokines, which in turn sensitize the nociceptors, promoting

further amplification of pain transmission (De Jongh et al., 2003). In this sense,
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cytokine targeting therapies such as anti-TNF and anti-IL-1 inhibit arthritis
inflammation. Immunosuppressive drugs such as glucocorticoids, which inhibit
cytokine production by inhibition of NFkB activation and/or activity is also
effective, however their adverse hormonal effects limit their use (Baeuerle et al.,
1994; Barnes et al., 2006).

In addition to the autoimmune characteristics of RA, there is also
evidence that toll-like receptors (TLR) are expressed and activated within the
joint in RA. For instance, TLR3 is activated by necrotic synoviocytes (Brentano
et al.,, 2005), and TLR2 and TLR4 are activated by unknown endogenous
ligands, and experimentally activated by lipotheicoic acid and
lypopolysaccharide (LPS), respectively. The TLR activation also results in NFkB
activation and cytokine production (Liu-Bryan et al., 2005).

Therefore, a drug that inhibits NFkB activation without the adverse side
effects of glucocorticods would be a suitable therapeutic strategy. In this sense,
budlein A, a sesquiterpene lactone obtained from Viguiera robusta, seems a
promising drug. Budlein A (Fig. 1) has been previously isolated from Viguiera
buddleiaeformis (De Vivar et al., 1976) and Viguiera arenaria (Siedle et al.,
2004), however, despite its first isolation in the seventies, there are few reports
on its activities. Budlein A inhibits in vitro sperm motility (Huacuja et al., 1993),
TNFa-induced NFkB activation in Jurkat cells as shown by the eletrophoretic
mobility shift assay (Siedle et al., 2004). In vivo, we have shown that it inhibits
carrageenin-induced paw inflammation by inhibiting cytokine production (Valerio
et al., 2007). Our data on inhibition of leukocyte recruitment and cytokine

production (Valerio et al.,, 2007) was reinforced by others, which also
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demonstrated reduction of adhesion molecules by budlein A (Nicolete et al.,
2009).

In the present study, it was addressed whether budlein A treatment
would be a promising therapeutic strategy in a model of rheumatoid arthritis in
mice. Budlein A treatment inhibited arthritis-induced knee pain, edema,

leukocyte recruitment, proteoglycan loss and cytokines production.
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Materials and Methods

Animals

The experiments were performed on male C57BL/6 weighing between 20 and
25g. The mice were housed in temperature-controlled rooms (22-25C), with
access to water and food ad libitum. All experiments were conducted in
accordance with animals’ care and handling procedures of the International
Association for Study of Pain (IASP) and with the approval of the Ethics

Committee (protocol no 05761) of the Universidade Estadual de Londrina.

Plant Material

The Viguiera robusta were collected in Batatais, state of Sdo Paulo in April
2001 by F.B.C. In Biology Institute, Universidade de Uberlandia, Uberlandia,
MG, Brazil were identified the material. Avoucher specimen (FBC#105) is
deposited at the herbarium of the Department of Biology, University of S&o
Paulo, Ribeirdo Preto, Sdo Paulo, Brazil under the code SPFR 07155. (Da
Costa et al.,, 2001) Its chemical structure was determined by means of
spectrometric analysis, i.e. IR and nuclear magnetic resonance (NMR)
spectrometry ("H and '*C), as well as comparison with authentic sample and
data reported in the literature (Da Costa et al., 2001). The purity of budlein A
was determined by chromatographic and spectrometric methods. TLC was
carried out using several eluent systems and two spray reagents (1% vanillin—
sulphuric acid or concentrated sulphuric acid).Ahigh performance liquid
chromatography (HPLC) run was made using methanol-water 55:45 or

acetonitrile—water 65:35 as mobile phase, a reversed phase (ODS) analytical
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column, flowrate 1.0 or 1.3 mL/min, and UV detection at Amax 225 and 265 nm,
as described elsewhere (Da Costa et al., 2001). Only one compound was
detected in the chromatographic analyses. The 13C NMR spectrum of budlein A
showed 20 carbon atoms corresponding to its structure. By means of
chromatographic and spectrometric methods,we estimated that the purity of

budlein A is between 95-98%, therefore suitable for these biological assays.

Drugs and stimuli

Dexamethasone, methylated bovine serum albumin (mMBSA) and complete
Freund’'s adjuvant (CFA) were obtained from Sigma-Aldrich, St. Louis, MO,
USA. The 1,9-Dimethylmethylene blue (DMMB) was purchased from
Polysciences, Inc and the chondroitin 4-sulphate sodium salt utilized as

standard was purchased from Biochemika.

Induction of Experimental Arthritis — Antigen-induced arthritis

Mice were immunized as described previously (Verri et al., 2008). C57BL/6
mice were immunized with 500 ug of methylated bovine serum albumin (mMBSA)
in 0.2 ml of an emulsion containing saline and complete Freund’s adjuvant (CFA
— 1 mg/ml of Mycobacterium tuberculosis, in mineral oil) by subcutaneous (s.c.)
route on the day 0 and 7. AIA was induced by intraarticular (i.a.) injection of
mBSA (30ug/cavity) on day 21 and 24. Sham-immunized mice were given

similar injections but without the antigen (mBSA).

Evaluation of articular hypernociception

The articular hypernociception of the femur-tibial joint evaluated by electronic
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von Frey apparatus. For this, mice were placed in acrylic cages a wire grid floor,
and the stimulations were performed only when the animals were quiet (and
with the four paws on the grid floor). This method consists of an electronic
pressure-meter, with a force transducer fitted with polypropylene tip (Insight
instruments, Ribeirao Preto, SP, Brazil). To evaluate the articular pain, we used
a large tip (4.15mm?), to exclude the subcutaneous effect (Guerreiro et al.,
2008). An increase perpendicular force was applied to the central area of the
plantar surface of the hind paw to induce flexion of the femur-tibial joint followed
of the hind paw withdrawal. A digital analgesymeter recorded the intensity of the
force applied when the paw was withdrawn, expressed in grams (g). The test

was performed in the times indicated on figures.

Paw oedema test

The volume of the mice joint was measure with a caliper (Mitutoyo) before (zero
time) the intraarticular stimulus with mBSA, and after the administration, in the
times indicated. The amount of paw swelling was determined for each mouse
and the difference between the times indicated on figures and the zero time.

The oedema value was represented by oedema/mm.

Proteoglycans assay

Patellae were fixed in 10% formalin overnight, decalcified in formic acid (5%) for
4 hours, and subsequently digested overnight at 60 °C in 60 pl of 10 mg/ml
papain (type IV; Sigma) in 0.1 M sodium acetate, pH 6.5, 10 mM L-cysteine, 50
mM disodium EDTA per patella. After the digestion, the samples were
centrifuged at 1500 rpm for 10 min and were ready for the GAG measurement.

The assay was calibrated by use of reagent blanks, and standards containing
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up to 5 pg of chondroitin sulfate in the same solvent as the samples. The
measurement was realized 30 s after the color reagent addition, at 525 nm in a
Microplate Spectrophotometer System — SpectraMax (Molecular Devices) (Verri

et al., 2010).

In vivo neutrophil migration

Immunized or sham-immunized mice had mBSA or vehicle (saline) injected
directly into the articular cavity (Lemos et al., 2009; Verri et al, 2010). At the
time-points indicated on figures, the articular cavities were washed 3 times with
3.3uL of saline with 1mM EDTA. The total number of neutrophils was
determined in a Neubauer chamber diluted in Turk’s solution 1:2 (used to lyse
the erythrocytes). Differencial cell counts were determined by Roselfeld stained
slices using a light microscope and results were expressed as the number of

neutrophils per cavity.

Biochemical Analysis

The activities of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in the serum were determined using commercial kits
(Labtest — Lagoa Santa, Minas Gerais, Brazil) according to the manufecture’s

instructions.

Cytokines measurement
After the i.a. injection of the inflammatory stimuli (mBSA), animals were
terminally anesthetized and the spinal cord (L3, L4 and L5) were removed and

homogenized in 200uL of buffer. TNFa and IL-1B concentration were
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determined by ELISA (Ebioscience, 88-7324-76 and 88-7013-76 respectively).

The results were expressed as pg/mg of tissue.

Myeloperoxidade Activity

Myeloperoxidase (MPO) activity was used as an index of neutrophil
accumulation in the mice stomachs tissue, based on a kinetic-colorimetric assay
as described previously (Bradley et al.,, 1982; Casagrande et al., 2006).
Approximately 0.5 cm? of stomach tissue was collected after the second
challenge. Samples were collected in 50 mM K;HPO, buffer (pH 6.0) containing
0.5% hexadecyl trimethylammonium bromide and kept at -80°C. Just before the
assay, the tissue was homogenized using a Polytron (PT3100) and centrifuged
at 13.000 g for 2 min. To prepare the solution for the analysis, 10 pl supernatant
was mixed with 200 pyl 50 mM phosphate buffer, pH 6.0, containing 0.167 mg/mi
O-dianisidine dihydrochloride and 0.0005% hydrogen peroxide. The solution
was analyzed by spectrophotometry for MPO activity determination at 450 nm
(Spectra max) with three readings in 1 min. The MPO activity was compared
with a standard curve of neutrophils. The results were presented as number of

neutrophils x 10%/mg tissue.

Experimental protocol

Mice were treated with budlein A (1 and 10mg/kg, 30 min, diluted in 20% of
Tween 80 plus saline, to complete 150 pL, p.o. pathway) before stimulus with
mBSA (30 pg/i.a.) on day 21, and further treatments were performed at 24 h
intervals up to 26 days after mBSA challenge. Mechanical hypernociception and

oedema were evaluated 1, 3, 5, 12, 24 and 48h after the first and second
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challenge. The neutrophil migration and proteoglycans were evaluated after the
second challenge. Possible budlein A-induced liver or stomach damage were
evaluated using blood samples to determine the levels of ALT and AST, and
stomach samples to determine the myeloperoxidase activity. The spinal cord
were removed and homogenized in 200 pL of saline, TNFa and IL-13

concentration were determined by ELISA assay.

Statistical analyses

The results are representative of two independent experiments and are
presented as the mean * standard error mean (s.e.m.). One-way ANOVA
followed by Bonferroni’'s t-test was performed to evaluate the differences
between responses, on Graph Prism program. Statistical differences were

considered to be significant at P < 0.05.
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Results

Budlein A inhibits in a dose-dependent manner the inflammation in
antigen-induced arthritis.

In the first series of experiments, it was addressed whether budlein A inhibits
mechanical hypernociception and oedema induced by mBSA (i.art.) challenge.
Mice were treated with dexamethasone (2mg/Kg, s.c.), budlein A (1 and
10mg/Kg) or vehicle (20% of Tween 80 plus saline to complete 150 L, p.o.) 30
min before mBSA stimuli (30 pg/i.art., day 21) and at 24 h intervals from day 21
to 26. The intensity of mechanical hypernociception (Fig. 1A and 1B) and
edema (Fig. 1C and 1D) were evaluated after first challenge (Fig. 1A and 1C)
and second challenge (Fig. 1B and 1D) at indicated time points. At the 26" day,
knee joints cells were harvested for total leukocytes (Fig. 1E) and neutrophil
counts (Fig. 1 F). Budlein A treatment significantly and dose-dependently
reduced antigen challenge-induced intensity of hypernociception, oedema and
total leukocytes and neutrophil recruitment to the joints. So, we concluded that
budlein A inhibited the major signs of inflammation, such as pain (demonstrated
by intensity of hypernociception), oedema and leucocytes counts. The control

drug dexamethasone also inhibited all parameters addressed.

The Budlein A inhibits the proteoglycans lose

The proteoglycans dosage was performed in knee joint samples because its
content reflects joint damage. The budlein A treatment (1 and 10mg/Kg, p.o.)
also inhibited antigen challenge-induced proteoglycan loss in knee joint
samples (Fig. 2), but only 10mg/Kg dose inhibited the proteoglycans loss.

Theregore, we are demonstrating that budlein A reduces tissue lesions.
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Although, corticosteroids clinically prevent cartilage destruction, the
dexamethasone dose regimen used in the present study was not able to reduce

proteoglycan loss (Fig. 2).

The Budlein A did not cause liver and stomach damage

An important issue to be addressed is whether novel drugs present adverse
side effects. We focused in two main relevant side effects; gastric lesions and
liver function. For these purposes, samples of the stomach were collected for
determination of myeloperoxidase (MPO) activity. It is well established that
gastric lesions are accompanied by increase of MPO activity reflecting
neutrophil influx (Valerio et al., 2007). There was no increase of MPO activity
(Fig. 3A), indicating budlein A does not induce gastric lesions. Liver function is
routinely determined by the levels of ALT and AST from blood samples. Again,
there were no alterations on the enzyme blood levels by budlein A treatment

(Fig. 3B and 3C).

Budlein A inhibits cytokine production (TNFa and IL-18)

The spinal cord cytokine production is an important contributing feature to
hypernociception, therefore, the levels of TNFa and IL-1B in the spinal cord
tissue were evaluated. Mice were treated with budlein A (10mg/Kg, p.o., 30 min)
or vehicle (20% of Tween 80 plus saline to complete 150 pL) 30 min before
mBSA (30ug/i.a.) stimulus at day 21 and at 24 h intervals up to 24" day when
spinal cord samples between L4-L6 were collected for cytokine level
determination by ELISA. Budlein significantly reduced TNFa and IL-18

production in the spinal cord in mBSA-induced arthritis (Fig 4 A and 4B).
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Discussion

The budlein A is a sesquiterpene lactone that inhibits carrageenin-
induced inflammation (Valerio et al., 2007). In the present study, it was
demonstrated that budlein A inhibits the development of inflammation in a mice
model of rheumatoid arthritis (RA), including relevant clinical sign such as
edema, pain and cartilage destruction, by a mechanism related to inhibition of
cytokine production (such as TNFa and IL-1p).

RA is a chronic auto-immune disease with joint pain, oedema,
influx of inflammatory cells, bone and cartilage destruction that ultimately leads
to loss of function that debilitates the RA patients. Disease modifying
antirheumatic drugs (DMARDs) such as metotrexate and hydroxychloroquine,
immunesuppressors such as corticoids, and biological therapies including anti-
TNF antibodies and soluble receptors are the frontline strategies to reduce
disease progression and avoid debilitation of RA patients.

The current therapeutic strategies for RA include combined treatment
with a non biological DMARDSs or corticosteroid with an immune biological. In
fact, the combination of metotrexate plus anti-TNF therapies is a current
standard approach for RA. However, one significant adverse side effect
observed is the increase of susceptibility to bacterial and viral infections
(Brennan & Mclnnes, 2008; Verri et al., 2010). In the case of corticosteroids,
they are very powerful anti-inflammatory drugs that act in a corticoid receptor-
dependent manner to inhibit the transcription of proinflammatory molecules by
NFkB, and to induce IkB expression that inhibits NFKB activity, and production
of anti-inflammatory molecules expression such as IL-10. The use of

corticosteroids is limited by their side effects related to the corticoid receptor-
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dependent hormonal activity (Barnes et al, 2006). Nevertheless, inhibition of
NFkB activation without the hormonal side effects seems a promising strategy
to reduce RA inflammation.

In agreement, the present data demonstrated that budlein A reduced the
inflammation in a model of sub-chronic RA, including reduced joint pain, edema,
leukocyte recruitment (Fig. 1), and even reduced loss of proteoglycans in
patellae samples (Fig. 2).

In general, cytokine production is evaluated in the periphery, but its
spinal production is begging to be clearly related to pain development in RA and
other conditions (Gao & Ji, 2010). Further supporting that budlein A has
therapeutic potential, it inhibited the production of spinal TNFa and IL-18
induced in RA. We previously demonstrated that budlein A diminishes
inflammatory overt pain-like behavior in models such as acetic acid-induced
writhing response and formalin-induced flinches (Valerio et al., 2007).
Furthermore, budlein A inhibits carrageenin-induced paw edema, neutrophil
recruitment, and mechanical hypernociception by a mechanism related to
reduction of TNFa, IL-18 and CXCL1 production in the paw tissue (Valerio et
al., 2007). Additionally, it was observed that budlein A also inhibits proteinase
secretion by neutrophils (Arakawa et al., 2008), which could account for the
reduction of proteoglycan loss by budlein A treatment in RA (present data).

Corroborating the present data, it was demonstrated that stimulation of
Jurkat cells with the inflammatory mediator TNFa induces NFkB activation,
which was inhibited by budlein A in electrophoretic mobility shift assay,
confirming that budlein is really able to inhibit NFkB activation (Siedle et al.,

2004). Moreover, extracts from plants rich in sesquiterpene lactones have
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gained considerable interest for treating human diseases, including cancer. The
sesquiterpene lactones-derived drugs from thapsigargin, artemisinin, and

parthenolide are now in cancer clinical trials (Ghantous et al, 2010).
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Conclusions

It was reported that the treatment with budlein A, a sesquiterpene lactone
from Viguiera robusta, significantly reduced the inflammation in a model of RA.
There was reduction of joint pain, edema, leukocyte recruitment and prevention
of proteoglycan loss. The mechanism underlying this anti-inflammatory effect of
budlein A was related to inhibition of cytokine production in important sites such

as spinal cord.
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Legends to figures

Figure 1: Budlein A inhibits antigen-induced articular inflammation in a
dose-dependent manner. Mice were treated with dexamethasone (2 mg/kg,
s.c.), budlein A (1 and 10mg/Kg, 30 min) or vehicle (saline or 20% of Tween 80
plus saline to complete 150 pL, p.o.) 30 min before mBSA (30 pg/joint) stimulus
on day 21 and up to day 26 in 24 h intervals. The intensity of mechanical
hypernociception (Panel A and B) and edema (Panel C and D) were evaluated
1,3,5,7, 24 and 48h after first (Panel A) and in the same time points after the
second (Panel B) challenge with mBSA using electronic von Frey and caliper,
respectively. In the 26" day, mice were sacrificed and the knee joint cavities
were washed 3 times with 3.3uL of saline with 1mM EDTA. The total number of
neutrophils was determined in a Neubauer chamber diluted in Turk’s solution
1:2 (Panel E). Differencial cells counts were determined by Roselfelt stained
slices using a light microscope and results were expressed as the number of
leukocytes and neutrophils per cavity (Panel E and F). *P<0.05 compared with
the negative control — saline + vehicle (indicated as zero), #P<0.05 compared
with positive + vehicle control group. **P<0.05 compared with Budlein dose of

10 mg/Kg (p.o.). One-way ANOVA followed by Bonferroni’s test.

Figure 2: Budlein A inhibits antigen-induced arthritis knee proteoglycans
loss. Mice were treated with dexamethasone (2 mg/kg s.c.), budlein A (1 and
10 mg/Kg, 30 min) or vehicle (20% of tween 80 saline to complete 150 L, p.o.
via) 30 min before mBSA (30 ug/i.a. on day 21) stimulus, and in 24 h intervals

up to day 26. *P<0.05 compared with the negative control — saline + vehicle,
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#P<0.05 compared with positive (MBSA group). One-way ANOVA followed by

Bonferroni’s test.

Figure 3: The budlein A did not cause liver and stomach damage. Mice
were treated with dexamethasone (2 mg/kg, s.c.), budlein A (1 and 10 mg/Kag,
30 min) or vehicle (20% of tween 80 saline to complete 150 L, p.o. via) 30 min
before mBSA (30 pgl/i.a., on day 21) stimulus and in the following days in 24 h
intervals up to day 26. At the end of treatment, samples of stomach tissue were
analysed for myeloperoxidase activity to determine local inflammation (Panel
A). Blood samples were collected for biochemical tests (ALT, AST) to address

liver function. None of the treatments induced significant alteration.

Figure 4: Budlein A inhibits TNFa and IL-1B production. Mice were treated
with budlein A (1 and 10 mg/Kg, 30 min) or vehicle (20% of tween 80 saline to
complete 150 pL, p.o. via) 30 min before mBSA (30 ug/i.a, on day 21), and in
the following days in 24 h intevals. Spinal cord were collected for TNFa (Panel
A) and IL-1B (Panel B) determination by ELISA on day 23. *P<0.05 compared
with the negative control — saline + vehicle (indicated as zero), #P<0.05
compared with positive + vehicle control group. One-way ANOVA followed by

Bonferroni’s t test.
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Figure 2
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ANEXO 2:
Reduction of gouty awthwritis-induced
inflammation inv mice by the sesquiterbere

production.
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Abstract

Background and purpose: Gout is an extremely painful and recurring form of
inflammatory arthritis causing high morbidity and loss of life quality. The
treatment is based on prevention of acute gouty arthritis by modulation of
metabolism and anti-inflammatory treatment in acite events. Cytokines are
clearly involved in gouty arthritis. In this sense, a drug that inhibits cytokine
production would be a suitable strategy. We have previously demonstrated that
budlein A, a sesquiterpene lactone inhibits cytokine production in carrageenin
inflammation. Therefore, we addressed whether budlein A inhibits gouty
arthritis-induced inflammation and its mechanism.

Experimental approach: The gouty arthritis was induced by intraarticular (i.a.)
injection of MSU (monosodium urate) crystals diluted in borate buffer. Mice
were treated with budlein A (1 or 10 mg/kg, p.o.) 30 min before intrarticular
injection of MSU crystals. Articular hypernociception, odema and neutrophil
migrations were evaluated 15, 24 and 48h after stimuli administration. Cytokine
(TNFa and IL-1B) levels were determined by ELISA.

Key Results: The oral pretreatment with budlein A dose-dependently inhibited
MSU-induced mechanical hypernociception, oedema, total leucocyte and
neutrophil recruitment, and cytokines production.

Conclusions: These results suggested that budlein A treatment might be a
suitable therapeutic approach in gouty arthritis.

Keywords: Budlein A, rheumatoid arthritis, pain, inflammation, hyperalgesia.
List of Abbreviations: Mono-sodium urate (MSU), Sesquiterpenes lactones

(STLs), Viguiera robusta (V. robusta), grams (g), intraarticular injection (i.a.),
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Tumor necrosis factor alpha (TNFa), Interleukin-1 beta (IL-1B), Keratinocyte-
derived chemokine (KC/CXCL1), Intraperitoneous (i.p.), Orally gavage (p.o.),

Non steroidal anti-inflammatory (NSAIDs).
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Introduction

Gout is a form of arthritis caused by a variety of known and unknown
metabolic defects that ultimately result in accumulation of monosodium urate
crystals (MSU). Acute gout is a common cause of arthritis, affecting
approximately 1% of the adult population and triggered by specific events such
as trauma, surgery, intercurrent iliness, excess alcohol intake or drugs that alter
serum urate levels (Sabina et al., 2010). MSU accumulates, in general, inside
and around the joints causing inflammatory reactions that are clinically detected
as intense pain, swelling and reddening of the skin (Terkeltaub et al., 2003;
Chia et al., 2008b).

Monocytes/macrophages phagocyte MSU crystals and produce
cytokines such as interleukin-1B (IL-1 B), tumor necrosis factor alpha (TNFa)
and interleukin-8 (IL-8). This initial response by resident cells has a central role
in the initiation and propagation of the inflammatory response (Di Giovine et al.,
1991). Nevertheless, the primary pathologic hallmark of gout is the neutrophil
influx into the joint (Liu-Bryan et al., 2005; Chen et al., 2006). These cells
accumulate in both the joint fluid and the synovial membrane where they
phagocyte MSU crystals. However, these crystals are toxic to neutrophils
resulting in membrane lysis, generation of superoxide, prostaglandin Eoj,
leukotrienes and cytokine production (Terkeltaub et al., 2004; Liu-Bryan et al.,
2005; Chen et al., 2006; Chia et al., 2008).

At the cellular level, a fundamental mechanism that promotes MSU-
induced inflammation is innate immune engagement of the crystals by plasma

membrane receptors, including Toll-like receptors (TLRs) 2 and 4, on
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mononuclear phagocytes. Consequent phagocytosis, and events that seem to
include phagolysosome destabilization related to MSU-induced membrane lysis,
generation of reactive oxygen species and lowering of intracellular potassium
levels, promote activation of the NLRP3 (Terkeltaub, R. et al., 2010; Bryan et
al., 2005).

Non-steroidal anti-inflammatory drugs (NSAID’s - indomethacin,
naproxen) and glucocorticoids are frequently used as first line therapies for
acute gout and these agents are generally effective, however, they also present
serious side effects such as gastrointestinal ulcers and bleeding
(cyclooxigenase-1 inhibitors), reduction of renal perfusion and increased
thrombotic events (cyclooxigenase-2 inhibitors), and hormonal dysregulation,
respectively (Sabina et al., 2010). Therefore, a drug that inhibits NFkB
activation without the adverse side effects of glucocorticods would be a suitable
strategy. In this sense, the sesquiterpene lactone obtained from Viguiera
robusta, budlein A, seems a promising strategy. Budlein A has been previously
isolated from Viguiera buddleiaeformis (De Vivar et al., 1976) and Viguiera
arenaria (Siedle et al., 2004). However, despite its first isolation in the
seventies, there are few reports on its activities. Budlein A inhibits TNFa-
induced NFkB activation in Jurkat cells as shown by the eletrophoretic mobility
shift assay (Siedle et al., 2004). In vivo, we have shown that it inhibits
carrageenin-induced paw inflammation by inhibiting cytokine production (TNFa
and IL-1B) (Valerio et al., 2007). Our data on inhibition of leukocyte recruitment
and cytokine production (Valerio et al., 2007) was reinforced by others, which
also demonstrated reduction of adhesion molecules by budlein A treatment

(Nicolete et al., 2009).
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In the present study, it was addressed whether budlein A treatment
would be a promising therapeutic strategy in a model of gouty arthritis in mice.
Budlein A treatment inhibited MSU arthritis-induced knee pain, edema, and

leukocyte recruitment. This inhibition of inflammation was related to inhibition of

cytokine production.



Materials and Methods

Animals

The experiments were performed on male Swiss weighing between 20 and 25g.
Mice were housed in temperature-controlled rooms (22-25°C), with access to
water and food ad libitum. All experiments were conducted in accordance with
animals’ care and handling procedures were accordance with the International
Association for Study of Pain (IASP) and with the approval of the Ethics

Committee of the State University of Londrina (UEL) (protocol no 05761).

Plant Material

The Viguiera robusta were samples collected in Batatais, state of Sdo Paulo in
April 2001 by FBC. In Biology Institute, Universidade de Uberlandia, Uberlandia,
MG, Brazil were identified the material. Avoucher specimen (FBC#105) is
deposited at the herbarium of the Department of Biology, University of Sao
Paulo, Ribeirdo Preto, Sdo Paulo, Brazil under the code SPFR 07155 (Da
Costa et al., 2001). The purity of budlein A was determined by chromatographic
and spectrometric methods. TLC was carried out using several eluent systems
and two spray reagents (1% vanillin—sulphuric acid or concentrated sulphuric
acid). A high performance liquid chromatography (HPLC) run was made using
methanol-water 55:45 or acetonitrile—water 65:35 as mobile phase, a reversed
phase (ODS) analytical column, flowrate 1.0 or 1.3 mL/min, and UV detection at
Amax 225 and 265 nm, as described elsewhere (Da Costa et al., 2001). Only
one compound was detected in the chromatographic analyses. The 13C NMR

spectrum of budlein A showed 20 carbon atoms corresponding to its structure.
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By means of chromatographic and spectrometric methods,we estimated that the
purity of budlein A is between 95-98%, therefore suitable for these biological

assays.

Induction of Acute Gouty Arthritis

The uric acid crystals (MSU) were prepared by adding 5 mg/mL of uric
acid on borate buffer (0,1 M, pH 8,5). The solution was filtered through a 0.45
pum filter. After 48h, the supernatant was transferred to another recipient e kept
at 37°C for seven days. The resultant solution was centrifuged (10.000 rpm, 10
min) and the supernatant despised. At this stage, all the crystals were adhered
on the wall of the recipient. Subsequently, the MSU crystals were washed with
absolute alcohol and acetone. The resulting MSU crystals were kept on ambient

temperature to crystals obtainment (Chen et al., 2006).

Evaluation of articular hypernociception

The articular hypernociception was evaluated by an electronic version of von
Frey method. Mice were placed in acrylic cages a wire grid floor, and the
stimulations were performed only when the animals were quiet (and with the
four paws on the grid floor). This method consists of an electronic pressure-
meter, with a force transducer fitted with polypropylene tip (Insight instruments,
Ribeirao Preto, SP, Brazil). To evaluate the articular pain, we used a large tip
(4.15mm?), to exclude the subcutaneous effect (Guerreiro et al., 2008). An
increase perpendicular force was applied to the central area of the plantar

surface of the hind paw to induce flexion of the femur-tibial joint followed of the
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hind paw withdrawal. A digital analgesymeter recorded the intensity of the force
applied when the paw was withdrawn, expressed in grams (g). The test was

performed in the times indicated on figures.

Paw oedema test

The volume of the mice joint was measure with a calipter (Mitutoyo) before
(zero time) the intraarticular stimulus with mBSA, and after the administration, in
the times indicated. The amount of paw swelling was determined for each
mouse and the difference between the times indicated on figures and the zero

time. The oedema value was represented in mm.

In vivo neutrophil migration

Mice received MSU crystals or vehicle (borate-buffered plus uric acid) injection
directly into the femur-tibial articular cavity. At the time-points indicated on
figures, the articular cavities were washed 3 times with 3.3uL of saline with
1mM EDTA (Verri et al, 2010). The total number of neutrophils was determined
in Neubauer chamber using Turk’s solution. Differential cell counts were
determined by Roselfeld stained slices using a light microscope and results

were expressed as the number of neutrophils per cavity.

Cytokines measurement

After 15h of the i.a. injection of the inflammatory stimuli (MSU), animals were
terminally anesthetized and the articular joint were removed and homogenized

in 500uL of buffer. TNFa and IL-1B concentration were determined by ELISA
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(Ebioscience, 88-7324-76 and 88-7013-76 respectively). The results were

expressed as pg/mg of tissue.

Experimental protocol

Firstly, mice were treated with three doses of MSU (30, 100 and 300pg/i.a.) and
the total leucocytes and neutrophil migration was evaluated 15, 24 and 48h
after the stimuli. The intensity of hypernociception and oedema was evaluated
after 1, 3, 5, 7, 15, 24, 48, 72 and 96h. The effect of budlein A on MSU-induced
neutrophil migration, hypernociception and oedema was determined 15 h after
challenge (time chosen by previous experiments). The joints were removed
after 15 h and homogenized in 500uL of saline, and TNFa and IL-18

concentration were determined by ELISA assay.

Statistical analyses

The results are representative of two or three independent experiments and are
presented as the mean * standard error mean (s.e.m.) (n = 6 per group in each
individual experiment). One-way ANOVA followed by Bonferroni’s t-test was
performed to evaluate the differences between responses. Statistical

differences were considered to be significant at P < 0.05.
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Results

MSU induces dose-dependent neutrophil recruitment.

In the first series of experiments, it was established the optimal dose of MSU to
induce neutrophil migration in the knee joint (i.a. administration). Mice received
i.a. injection of three doses of MSU, and total leukocytes (Fig. 1A), neutrophils
(Fig. 1B), and mononuclear cells (Fig. 1C) per cavity were determined at
indicated time points. There was disgnificant recruitment of total leukocytes,
neutrophils and mononuclear cell at 15 and 24 h. The recruitment at 48h was
significant for 100 and 300 ug of MSU/joint, but was less prominent than at 15
and 24 h. The peak of recruitment was observed at 15h and the doses of 100
and 300 ug of MSU/joint induced significant recruitment of all cellular types
without significant differences between these doses. Therefore, 15h and 100 ug

of MSU/joint were chosen for next experiments on cellular recruitment.

MSU induces dose-dependent hypernociception and oedema.

Mice received MSU i.art. (30, 100 and 300ug/20uL), and the intensity of
mechanical hypernociception (Fig. 2A) and oedema (Fig. 2B) were evaluated.
All doses of MSU induced significant mechanical hypernociception and edema
(Fig. 2). However, there was significant differences only between 30 and 300 ug
of MSU doses at some time points, and without differences comparing 100 and
300 ug of MSU/joint. Therefore, the dose of 100 ug/joint was chosen taking into

account the results of Fig. 1 and Fig. 2.

Budlein A inhibits gouty arthritis-induced mechanical hypernociception,
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oedema and neutrophil migration in a dose-dependent manner.

It was addressed whether Budlein A inhibits mechanical hypernociception,
oedema and cell migration induced by MSU (i.a. administration). Mice were
treated with budlein A (1 and 10mg/Kg, 30 min) or vehicle (20% of Tween 80
plus saline to complete 150 uL, p.o.) before MSU stimuli (100 pg/i.a.). After 15 h
intensity of mechanical hypernociception (Fig. 3A), edema (Fig. 3B), total
leukocytes (Fig. 3C), neutrophils (Fig. 3D) and mononuclear cells (Fig. 3E) were
determined. The budlein A dose of 10mg/kg/p.o. significantly inhibited MSU-
induced mechanical hypernociception (Fig. 3A) while no effect was observed
with 1 mg/kg of budlein A. Similar profile was observed in edema (Fig. 3B)
except that the effect of 1 mg/kg of budlein A presented significant inhibition of
edema. Both doses of budlein A inhibited the gouty-arthritis induced cell
recruitment to the joint. The inhibition of leucocytes and neutrophil recruitment
by the dose of 10mg/Kg was significantly greater than the 1mg/Kg of budlein A
(Fig. 3C-3D) and there was no difference between doses of budlein A effect

regarding mononuclear cells recruitment (Fig 3E).

Budlein A inhibits cytokine production (TNFa and IL-18)

Mice were treated with budlein A (10mg/Kg, p.o., 30 min) or vehicle (20% of
Tween 80 plus saline to complete 150 L) before MSU (100ug/i.a.) stimulus.
After 15 h of MSU administration, joint samples were collected in PBS buffer
containing protease inhibitors (500uL) for cytokine level determination by
ELISA. Budlein A significantly reduced MSU-induced TNFa and IL-1B

production in the joint of mice (Fig 4A and 4B).
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Discussion and Conclusions

Gout is a rheumatic disease characterized by an intense inflammation
secondary to monosodium urate crystal (MSU) deposition in joints and
surrounding tissues. There is marked influx of neutrophils, oedema and pain as
a consequence of increased cytokine production (Champion et al., 1987). In the
present study, the sesquiterpene lactone obtained from Viguiera robusta,
budlein A inhibited MSU-induced gouty arthritis in mice. This effect was
accompanied by inhibition of cytokine production.

The gouty inflammation is characterized by massive recruitment of
neutrophils to which MSU crystals are cytotoxic, sinovitis, edema and pain.
There is increased production of cytokines that have a crucial role in the
development of the inflammatory response (Landis and Haskard, 2001; Torres
et al., 2009). Cytokines, like TNFa and IL-1B consist of an important group of
mediators produced in gouty that are responsible for recruitment of neutrophils
(Faccioli et al., 1990) and pain (Ferreira et al., 1988) in other models of
inflammation. In gouty arthritis, the genetic deficiency of IL-1R1 reduces both
neutrophil recruitment and hypernociception (Torres et al.,, 2009). This IL-1-
dependent mechanism in gouty is relevant in the peritoneal cavity, air pouch
and joint (Liu-Bryan et al., 2005; Chen et al., 2006; Torres et al., 2009), and this
consistency of data suggests it is an important therapeutic target. In fact,
anakinra (a commercial IL-1 receptor antagonist [IL-1ra] that differs by 1 amino
acid from the endogenous form of IL-1ra) diminishes gouty arthritis inflammation
(So et al., 2007; McGonagle et al., 2007). IL-1B is produced upon

inflammossome activation and up regulation by NFkB activation as well as
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induces IL-1R1-dependent activation of NFkB. In agreement, inhibition of NFkB
activation by glucocorticoids is also a therapy in acute gouty arthritis (Torres et
al., 2009). Furthermore, it has been shown that budlein A inhibits TNFa-induced
activation of NFkB using the electrophoretic mobility shift assay (Siedle et al., )).
Therefore, it is likely that inhibition of NFkB activation is an important
mechanism in budlein A anti-inflammatory action. In fact, other sesquiterpene
lactones also inhibit NFKB activation, and because of this activity they are in
clinical trials for some cancer treatment (REFERENCIA REVIEW drug
discovery).

In the present study, budlein A reduced the inflammation (e.g. neutrophil
recruitment, edema and hypernociception) in a model of gouty arthritis. It was
also detected that budlein A treatment reduced TNFa and IL-1B production in
the knee joint of MSU-stimulated mice. These cytokines are important in the
context of gouty arthritis as discussed above for IL-1B. In the case of TNFa,
controversial results have been found, which might be related with a yet
undetermined technical problem because the general concept is that inhibition
of TNFa activity reduces gouty inflammation (So et al., 2007). Therefore, it is
likely that budlein A is a promising strategy in gouty arthritis inflammation.

We have previously demonstrated that budlein A diminishes
inflammatory overt pain-like behavior in models such as acetic acid-induced
writhing response and formalin-induced flinches (Valerio et al., 2007).
Furthermore, budlein A inhibits carrageenin-induced paw edema, neutrophil
recruitment, and mechanical hypernociception by a mechanism related to
reduction of TNFa and IL-1p production in the paw tissue (Valerio et al., 2007).

These results were recently reinforced by data demonstrating that budlein A

88



reduces expression of adhesion molecules, neutrophil recruitment and rolling
using intravital microscopy (Nicolete et al., 2009).

A possible explanation for the activity of budlein A in carrageenin model
and in the gouty arthritis model is that, at least in part, similar receptors are
activated in both models, and therefore, similar intracellular signaling pathways
are important in both models. In the gouty arthritis model, it has been shown
that toll-like receptors (TLR)-2 and TLR-4 deficiency reduce MSU-induced
inflammation in the air pouch (Liu-Bryan et al., 2005). In the carrageenin-
induced paw inflammation model, we have unpublished data demonstrating that
TLR-2 and Hed (deficient in TLR-4 signaling) mice present reduced
inflammation, including paw edema, mechanical hypernociception and
neutrophil recruitment (Zarpelon A.C. et al., unpublished data).

Concluding, it was demonstrated that budlein A treatment reduces
edema, leukocyte recruitment and mechanical hypernociception in a model of
gouty arthritis. The mechanism involves diminished cytokine production. Taking
together the present results on in vivo activity and mechanism, with data
indicating that prolonged treatment with budlein A does not alter liver function
(Zarpelon A.C. et al., unpublished data) or induces gastric lesions (Valerio et al.,
2007), it is likely that budlein A treatment is a conceivable approach to control
gouty arthritis-induced inflammation and merits further pre-clinical and clinical

investigation.
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Legends to Figures

Figure 1: MSU induced dose-dependent neutrophil recruitment. Mice
received the intraarticular administration of MSU (30, 100, 300ug/20uL) or
vehicle (borate-buffered plus uric acid). Afterwards (15, 24 and 48h), animals
were sacrificed and the articular cavities were washed 3 times with 3.3uL of
saline with TmM EDTA, and the total number of leucocytes was determined in a
Neubauer chamber diluted in turk’s solution 1:2 (used to lyse the erythrocytes)
(Panel A). Differencial cells counts were determined by Roselfelt stained slices
using a light microscope and results were expressed as the number of
neutrophils or mononuclear cells per cavity (Panel B and C, respectively).
*P<0.05 compared with the negative control (indicated as zero), #P<0.05
compared with negative control and the MSU dose of 30ug/20uL, **P<0.05
compared with MSU dose of 30 and 100ug/20uL). One-way ANOVA followed

by Bonferroni’s test.

Figure 2: MSU induced dose-dependent hypernociception and oedema.
The mice received MSU i.a. via (30, 100 and 300ug/20uL) and the intensity of
mechanical hypernociception was evaluated using the von frey method after the
stimuli, on the times 1, 3, 5, 7, 15, 24, 48, 72, 96h (Panel A). In the same times
we evaluated the oedema (Panel B). *P<0.05 compared with the negative
control (indicated as zero), #P<0.05 compared with negative control and the
MSU dose of 30ug/20uL, **P<0.05 compared with MSU dose of 30 and

100ug/20uL). One-way ANOVA followed by Bonferroni’s test.
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Figure 3: Budlein A inhibited gouty arthritis-induced mechanical
hypernociception, oedema and neutrophil migration in a dose-dependent
manner. The mice were treated with Budlein A (1 and 10mg/Kg, 30 min) or
vehicle (20% of Tween 80 plus saline to complete 150 uL, p.o.) before MSU
stimuli (100 pg/i.a.) and the intensity of mechanical hypernociception was
evaluated 15 h after (Fig. 3A). In the same time, we evaluated the oedema (Fig.
3B). Afterwards the animals were sacrificed and the articular cavities were
washed 3 times with 3.3uL of saline with 1mM EDTA. The total number of
neutrophils was determined in a Neubauer chamber diluted in turk’s solution 1:2
(used to lyse the erythrocytes) (Fig. 3C). Differencial cells counts were
determined by Roselfeld stained slices using a light microscope and results
were expressed as the number of neutrophils and mononuclear cells per cavity
(Fig. 3D and E). *P<0.05 compared with the negative control, #P<0.05
compared with positive control (MSU dose of 100ug/20puL), **P<0.05 compared

with Budlein dose of 1mg/Kg. One-way ANOVA followed by Bonferroni’s test.

Figure 4: Budlein A inhibits cytokine production (TNFa and IL-18) Mice
were treated with Budlein A (10mg/Kg, p.o., 30 min) or vehicle (20% of Tween
80 plus saline to complete 150 uL) before MSU (100ug/i.a.) stimulus. After 15h
of administration, the joint were collected in saline (500uL) for cytokine level
determination by ELISA. *P<0.05 compared with the negative control, #P<0.05
compared with positive control (MSU dose of 100ug/20uL). One-way ANOVA

followed by Bonferroni’s test.
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100

>

Intensity of Hypernociception
(A reaction)
(6

B

oy
h

B’
4

2

O—M

1357 15 24 48 72 96
Time (h)
-=-Control (Buffer and uric acid)
--MSU 30ug/20uL
~+~MSU 100ug/20uL
—+-MSU 300ug/20uL

1.004 i

€ .75
£ 0.75

S

£ 0.50-
()]

9
8 0.25-

00— - . 1 ,
1357 15 24 48 72 96

Time (h)
—=-Control (Buffer and uric acid)
--MSU 30ug/20uL
+MSU 100ug/20uL
—~+-MSU 300ug/20puL




Figure 3

101

>

=
.
o MSU (100ug/20puL)
(0]
3 6 S
o ]
£5° T
o =41 _
S83{ 8
L & C
€ g 2- 3 Kk
o \_,1_‘&'
>
3 0 ]
S 110
E Budlein (mg/Kg)
?0.20- MEU (100u0/20uk)
£
E015) 5 )
£ 010 .
- O
8 0.051— *k
0.00L—1 -
110
C Budlein (mg/Kg)
2 20 MSU (10049/20uL)
£
= - | c
&% 38 "
® T 05{" i
= 0.0 —1 —
110

Badiein (mgiK)

O

[Tl

(X 10%

OO0 00O000O

Mononuclear

Neutrophils
104
o
-\J
(&)

oXDR LoD

MSU (100 ug/20uL.)

£ #
o 1
]
O
110
Budlein (mg/Kg)
MSU (100ng/20pL)
2
=
o
o
LI
i # #
110

Budiein (mg/Kg)




Figure 4
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