Ministério da Saude

FIOCRUZ
Fundacao Oswaldo Cruz

INSTITUTO OSWALDO CRUZ
Po6s-Graduacdo em Biologia Celular e Molecular

JAIME RIBEIRO FILHO

Propriedades antialérgicas e antiinflamatdrias da curina, um alcaloide bisbenzilisoquinolinico
isolado de Chondrodendron platyphyllum (Menispermaceae)

Tese apresentada ao Instituto Oswaldo Cruz como parte
dos requisitos para obtencdo do titulo de Doutor em
Biologia Celular e Molecular na area de concentracao
em Imunologia e Farmacologia

Orientadora: Profa. Dra. Patricia Torres Bozza

R10 DE JANEIRO
2013



Ministério da Saude

FIOCRUZ
Fundacao Oswaldo Cruz

INSTITUTO OSWALDO CRUZ
P6s-Graduacao em Biologia Celular e Molecular

Jaime Ribeiro Filho

PROPRIEDADES ANTIALERGICAS E ANTIINFLAMATORIAS DA CURINA, UM
ALCALOIDE BISBENZILISOQUINOLINICO ISOLADO DE Chondrodendron
platyphyllum (Menispermaceae)

ORIENTADORA: Profa. Dra. Patricia Torres Bozza

Aprovada em: / /

EXAMINADORES:

Prof. Dr. Marco Aurélio Martins - Presidente
Profa. Dra. Carmen Penido Monteiro

Profa. Dra. Marcia Regina Piuvezam

Prof. Dr. Bruno Diaz Lourengo - Suplente
Profa. Dra. Patricia Alves Reis - Suplente

Rio de Janeiro, 22 de Novembro de 2013



Ao0s meus pais: Jaime e Helena;
Aos meus irmaos: Adalbi, Adeilda, Adeildo, Adegilda, Agenilda e Adenilza;
Ao0s meus cunhados e sobrinhos;

Ao0s amigos que sonharam este sonho comigo e me ajudaram a realiza-lo.



<\

AGRADECIMENTOS

Agradeco a Deus pela vida e pela forca que me conduz adiante

A minha familia e amigos, pelo apoio e companheirismo nesta jornada.

A Patricia Bozza, minha orientadora, que tem se tornado uma grande amiga, por me
dar a honra de aprender cada dia um pouco mais sobre ciéncia, pelas oportunidades,
pela compreensdo e pelo cuidado. A nossa historia ndo acaba aqui.

A Profa. Dra. Mércia Piuvezam (UFPB) pela colaboracdo, pelo incentivo e pela
amizade tdo preciosa.

A Prof2 Dra. Lednia Maria Batista (UFPB) e aos companheiros do PET-Farmécia, por
me ensinar valores que eu utilizei neste trabalho e utilizarei por toda uma vida.

Ao Dr. Marco Aurélio (FIOCRUZ-RJ), pelo apoio e colaboragdo com o projeto e aos
membros do laboratério de Inflamacao pela ajuda, especialmente a Katharinne e Carol
Azevedo .

Aos membros do laboratério de Imunofarmacologia da Fiocruz-RJ. Sdo tantas
observacgOes que eu prefiro fazé-las pessoalmente. "Eu queria dizer que foi uma
satisfacdo estar com vocés" !

Aos amigos do laborat6rio de Imunofarmacologia da UFPB, Hermann, Nilson, Fagner,
Juliana, Danielle, Giciane, italo, Claudio e todos os demais. Valeu a penal!

Aos amigos do curso do curso de graduacdo em farmécia por gerarem este sonho
comigo, em especial a Yana, Ryanne, Nathalie e Sabrina.

Aos amigos do PET-Farméacia/UFPB, em especial a lvoneide e Diego pelo incentivo.
A doutora Celidarque Dias e ao amigo Fabio Tendrio pelo fornecimento da curina

Aos professores da graduacdo e da Pés-graduacdo, pela imensa contribuicdo na minha
formacdo, em especial a Le6nia, Darizy, Bagnolia, leda e Fatima Vanderley

Aos companheiros da UNESA, em especial ao Robson, a Juliana, Lis Helena, Luis
Alberto, Carla, Liane, Suellane, Luciola, Helena e Regina, pela amizade e apoio.

Aos professores de todas as turmas, que um dia acreditaram em mim e me motivaram
a conquistar meus sonhos, em especial ao corpo docente da Escola Dom Fco de A.
Pires-Ipaumirim-CE; do IFPB-Cajazeiras-PB e do curso de Farméacia, Jodo Pessoa-
UFPB.

As familia Alves (Silvio Jr- et al) e Vieira (Rafael et al) ... por tudo!

Aos verdadeiros amigos, por ndo me deixarem desanimar. Sim, vocés mesmos!

A capes, ao CNPg, 8 FAPERJ e ao PRONEX pelo suporte financeiro.



Hip6TESE

Eu vim de uma terra distante e sofrida
Onde a despedida é sempre constante
Pessoas que lutam pra vencer na vida

Sorrindo e chorando ao mesmo instante

Eu vim de uma terra em que as pessoas
Sdo simples, mas boas,e vivem em paz
Onde os amigos ndo brigam a toa

Se amam e ndo se esquecem jamais

Eu vim de uma terra em que o saber
E mais do que ler teses ou artigos
Aprende-se ouvindo pessoas mais velhas

Que contam novelas e contos antigos

Eu vim de uma terra em que as riquezas
Nem mesmo a pobreza consegue ofuscar
Bem mais que doutor, sou cabra da peste

Eu vim do nordeste, sou do Ceara

Jaime Ribeiro-Filho



LISTA DE FIGURAS ...t vii
LISTA DE ABREVIATURAS. ...t viil
RESUMO ...ttt n e snn e ne e e ne e X
A B ST RA T ..ttt a e e e areeanes Xi
1. INTRODUGAOD. ..ottt n st en st 1
1.1. INFIAMAGAD. ... 1
1.1.1.  Caracteristicas Gerais das Respostas Inflamatorias..............cccccvevvrierrenenne. 3
1.1.2. Mecanismos gerais de ativagdo celular e produgdo de mediadores
INFIAMALOTIOS. ... 6
1.1.3.  Arrelagdo entre inflamagéo, NOCICEPGED € dOT........ccvvvvieiiiiicrccec e, 9
1.1.4.  AINFlamacgdo alergiCa.........ccccoeiiiieiiieiicic e 12
1.1.4.1 A Terapia farmacoldgica da ASMA.........ccccerereerirernine e, 15
1.2. O desenvolvimento de farmacos a partir de produtos naturais..................... 16
1.2.1. A planta Chondrodendron platyphyllum e o alcaloide curina..............c........ 18
2. OBUIETIVOS ... 20
3. ARTIGOS ANEXADOS..... .ottt 21
3.1. N 1 1T o T OSSR PROPTORRPRS 21
3.2 ATTIZO Tl 33
3.3. 4 o T I 1 ST PRPRRR 61
4. DISCUSSAO. ..ot snssenens 81
5. CONCLUSOES.......cuviiimiiieiseiseessesessssssssss st 91
6. REFERENCIAS. ...t ssesss s ssess s esssssssssasenas 92
7. ANEXO. .. 107

INDICE

vi



Figural.l.

Figura 1.2.
Figura 1.3.
Figura 1.4.
Figura 1.5.

LISTA DE FIGURAS

Causas, propositos e consequéncias da inflamacao

O recrutamento de neutrofilos para o sitio inflamatorio

O papel dos mediadores inflamatorios na ativacdo de nociceptores
A inflamac&o alérgica pulmonar na asma

A planta Chondrodendron platyphyllum e os alcaloides curina e warifteina

Vii

10
15



LISTA DE ABREVIATURAS

AA Acido araquiddnico

AHR Hiperreatividade das vias aéreas
AINE Antiinflamatdrio n&o esteroide
AMPc Monofosfato de adenosina ciclico
AP-1 Proteina ativadora 1

APC Célula apresentadora de antigeno
ASM Musculo liso das vias aéreas
ATP Trifosfato de adenosina

BAL Lavado broncoalveolar

BBA Alcaléide bisbenzilisoquinolinico
BLT1 Receptor 1 do leucotrieno B,
CCR Receptor de quimiocina

CD Classe de diferenciacéo; marcador de superficie celular
CisLT Cistenil leucotrieno

CisLTR1 Receptor 1 de Cisteinil leucotrieno

CL Corpo lipidico

Con-A Concanavalina-A

COX Enzima ciclooxigenase

DC Célula dendritica

DEs, Dose efetiva mediana

Dexa Dexametasona

ERK Proteina da familia das MAP quinases
FceRI Receptor de alta afinidade para IgE
GATA-3 Proteina 3 de ligacdo ao GATA,; fator de transcricdo
GPCR Receptor acoplado a proteina G

5-HT 5- Hidroxi-triptamina; Serotonina
ICAM Molécula de adesdo intercelular

IFN Interferon

Ig Imunoglobulina

IL Interleucina

iNOS Oxido nitrico sintase induzivel

1P, Trifosfato de inositol

JNK Proteina da familia das MAP quinases
LABA Agonista B,-adrenérgico de longa acéo
LB Linfécito B

viii



LBP
LFA-1
LPS
LO

LT
MAPK
MCP
MHC
MLCK
MYD88
NET
NFAT
NF-xB
NO
NOS
OVA
PAF
PAMP
PG
PI3K
PL

PK
PIP,
PRR
PSGL-1
ROS
SNARE
TCR
Th
TLR
TLSP
TNF
Trif
TX
VCAM

Proteina de ligacdo ao LPS

Antigeno 1 associado a func¢éo leucocitaria
Lipopolissacarideo

Enzima lipoxigenase

Leucotrieno

Proteina quinase ativada por mitégeno
Proteina quimiotatica para mondécitos/macréfagos
Complexo de histocompatibilidade principal
Quinase da cadeia leve de miosina

Proteina adaptadora da transducéo de sinal de receptores imunoldgicos
Rede extracelular de neutrdfilos

Fator nuclear de células T ativadas

Fator nuclear kappa B

Oxido nitrico

Oxido nitrico sintase

Ovalbumina

Fator ativador de plaquetas

Padrdo molecular associado ao patdégeno
Prostaglandina

Fosfatidil inositol-3-quinase

Fosfolipase

Proteina quinase

Fosfatidil Inositol Bifosfato

Receptor de reconhecimento de padrao
Ligante 1 da glicoproteina P-selectina
Espécies reativas de oxigénio

Familia de proteinas associadas a exocitose
Receptor de célula T

Linfocitos T helper ou auxiliares

Receptor semelhante ao Toll

Linfopoietina do estroma timico

Fator de Necrose tumoral

Proteina adaptadora da transducao de sinal de receptores imunologicos
Tromboxano

Molécula de adesdo Vascular



Ministério da Saude

FIOCRUZ
Fundacao Oswaldo Cruz

INSTITUTO OSWALDO CRUZ

PROPRIEDADES ANTIALERGICAS E ANTIINFLAMATORIAS DA CURINA, UM
ALCALOIDE BISBENZILISOQUINOLINICO ISOLADO DE Chondrodendron
platyphyllum (Menispermaceae)

RESUMO

TESE DE DOUTORADO

Jaime Ribeiro Filho

As doencas inflamatdrias representam importantes problemas de saude puablica em termos de
prevaléncia morbidade e mortalidade em todo o mundo. A asma alérgica é uma doenga inflamatoria
crbnica das vias aéreas, que resulta de uma resposta imune exacerbada contra antigenos comuns. A
terapia antiinflamatéria e antialérgica inclui o uso de farmacos que causam efeitos colaterais
significantes ou ndo sdo efetivos em situagBes especificas, justificando a pesquisa de farmacos
inovadores, seguros e eficazes. A curina € um alcaloide que atua como inibidor do influxo de célcio,
contudo as suas propriedades antialérgica e antiinflamatorias, bem como os efeitos tdxicos
decorrentes do seu uso in vivo permanecem por serem caracterizadas. Este trabalho tem como objetivo
caracterizar as atividades antialérgicas e antiinflamatérias da curina, bem como investigar a
toxicidade induzida pelo tratamento oral com este alcaloide. Utilizando um modelo experimental de
asma, nds demonstramos que a administragdo oral da curina inibiu significativamente o recrutamento
e a ativacao de eosinofilos e a AHR em animais desafiados com OVA, além de reduzir a produgéo de
eotaxina e IL-13. O verapamil, um antagonista de canais de célcio, apresentou propriedades
antialérgicas semelhantes, e o pré- tratamento com a curina inibiu a resposta contractil induzida por
calcio em anéis de traqueia ex vivo, sugerindo que o mecanismo pelo qual a curina exerce seus efeitos
é através da inibicdo de uma resposta dependente de célcio. A avaliagdo toxicolégica mostrou que a
curina administrada oralmente por 7 dias ndo induziu toxicidade evidente. A avaliacdo da atividade
antiinflamatéria e analgésica demonstrou que a curina inibiu a formacdo de edema da pata e a
permeabilidade vascular, inibiu respostas nociceptivas na fase inflamatéria, mas ndo na fase
neurogénica, além de inibir a hiperalgesia induzida por carragenina. Em adi¢do, a curina inibiu a
producdo de PGE,, in vitro, sem afetar a expressdo de COX-2 em macrofagos estimulados com LPS.
Os efeitos do tratamento com a curina foram semelhantes aos efeitos da indometacina, mas diferentes
dos efeitos do tratamento com morfina, sugerindo que o efeito analgésico da curina ndo resulta da
inibicdo direta da ativagdo neuronal, mas depende de mecanismos antiinflamatdrias que, pelo menos
em parte, resultam da inibicdo da producéo de PGE,. Utilizando um modelo de pleurisia induzida por
LPS, nés demonstramos que o tratamento oral com a curina inibiu significativamente o recrutamento
de neutrofilos para o lavado pleural, associado com a inibigdo da producdo de citocinas inflamatorias
e de leucotrieno B4 no lavado pleural. A curina também inibiu a producéo de TNF-a, IL-1p, IL-6 e NO
por macréfagos estimulados com LPS in vitro, e o verapamil, apresentou efeitos inibitdrios
semelhantes sugerindo que os efeitos inibitorios que a curina exerce sobre a ativacdo dos macrofagos,
podem estar associados com a inibicdo do influxo de célcio. Em conclusdo, a curina apresentou
efeitos antialérgicos, antiinflamatorios e analgésicos, na auséncia de toxicidade evidente, que estdo
associados com a inibicdo da ativacdo de leucdcitos e da produgdo de mediadores inflamatdrios, cujos
mecanismos envolvem uma inibicdo de uma resposta dependente de célcio, e portanto tem potencial
para o desenvolvimento de farmacos.
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ABSTRACT

TESE DE DOUTORADO

Jaime Ribeiro Filho

Inflammatory diseases are major public health problems in terms of prevalence of morbidity and
mortality worldwide. Allergic asthma is a chronic inflammatory airway disease, which results from an
exacerbated immune response against common antigens. The anti-inflammatory and anti-allergic
therapy includes the use of drugs that cause significant side effects or are not effective under specific
conditions, justifying the search for novel, safe and effective drugs. Curine is an alkaloid that acts as
an inhibitor of calcium influx, but its anti-inflammatory and anti-allergic properties, as well as the
toxic effects resulting from its administration in vivo remain to be elucidated. This study aims to
characterize the anti-inflammatory and anti-allergic properties of curine as well as investigate the
toxicity induced by the oral treatment with this alkaloid. Using an experimental model of asthma, we
have demonstrated that orally administered curine significantly inhibited the recruitment and
activation of eosinophils and AHR in mice challenged with OVA, besides reducing the production of
eotaxin and 1L-13. Verapamil, a calcium channel antagonist, showed similar anti-allergic properties
and the pre-treatment with curine inhibited the calcium-induced tracheal contractile response ex-vivo,
suggesting that the mechanism by which curine exerts its effects is through the inhibition of a
calcium-dependent response. The toxicological evaluation showed that curine administered orally for
7 days did not induce significant toxicity. The evaluation of the analgesic and anti-inflammatory
activities of curine demonstrated that it inhibited paw edema formation and vascular permeability,
inhibited nociceptive responses in the inflammatory phase, but not in neurogenic phase, and inhibited
carrageenan induced hyperalgesia. In addition, curina inhibited PGE, production in vitro, without
affecting the expression of COX-2 in macrophages stimulated with LPS. The effects of the treatment
with curine were similar to the effects of indomethacin, but different from the effects of morphine
treatment, suggesting that the analgesic effect of curine does not result from direct inhibition of
neuronal activation, but instead, relies on anti-inflammatory mechanisms which at least in part, result
from inhibition of PGE, production. Using a model of LPS-induced pleurisy, we demonstrated that
the oral treatment with curine significantly inhibited the recruitment of neutrophils into the pleural
lavage, associated with inhibition of cytokine and leukotriene B, production in the pleural lavage.
Also, curine inhibited the production of TNF-a, IL- 1B, IL -6 and NO by macrophages stimulated with
LPS in vitro, and verapamil had similar inhibitory effects ,suggesting that the inhibitory effects that
curine exerts on macrophage activation may be associated with the inhibition of calcium influx. In
conclusion, curine the presented anti-allergic, anti-inflammatory and analgesic effects in the absence
of significant toxicity, which are associated with the inhibition of leukocyte activation and production
of inflammatory mediators, whose mechanisms involve inhibition of a calcium-dependent response
and as such, has the potential for drug development.
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1. INTRODUCAO

1.1. Inflamacao

A inflamacdo € uma resposta do organismo a um dano tecidual caracterizada por
alteragBes bioquimicas, vasculares e celulares, que tem como objetivo restaurar a integridade
deste tecido (Lawrence et al., 2002). Os sintomas classicos observados na inflamacéo incluem
o calor (aumento da temperatura), a dor, a vermelhiddo e o inchaco (edema). Quando o
estimulo € persistente e 0 processo ndo € resolvido, outro sintoma e ainda mais grave pode ser
acrescentado, a perda de funcdo (Medzhitov, 2010).

A inflamag&o é conhecida pela humanidade ha muito tempo. Existem textos médicos
que fazem referéncia a esta condicdo desde o periodo historico da antiguidade, muitos deles
descrevendo sintomas de pacientes em eventos relacionados a epidemias e a ferimentos de
guerra. Contudo, os sintomas clinicos classicos da inflamagdo foram descritos pela primeira
vez pelo médico romano Cornelius Celsus, no século 1 d. C. Em seu tratado de medicina,
Celsus mencionou 0s sintomas que sao comumente descritos como 0s quatro sinais cardinais
da inflamacao: rubor, tumor, calore e dolore, referindo-se a respectivamente: vermelhidéo, e
inchaco, calor e dor. O quinto sinal cardinal, perda de funcdo, foi acrescentado por Rudolph
Virchow (1858) em seu livro Patologia celular (Majno, 1975), apds o estabelecimento das
bases fisioldgicas da inflamacdo, especialmente por meio dos trabalhos de Augusto Waller
(1846) e Julio Cohnheim (1867), que descreveram as alteracdes vasculares e a migracdo de
leucdcitos durante a inflamagao (Majno e Joris, 2004).

Muitos outros eventos contribuiram de forma significante para o estabelecimento das
bases imunolégicas da inflamacdo, entre elas: a descoberta da fagocitose e teoria da
imunidade celular desenvolvida por Elie Metchnikoff (1892), que destacou as funcgdes
benéficas da inflamacédo, tanto na defesa do hospedeiro, como manutencdo da homeostase
(Tauber, 2003); o desenvolvimento da teoria da imunidade humoral por Paul Ehrlich, baseado
principalmente nas pesquisas sobre soroterapia de Emil von Behring e Shibasaburo Kitasato
(1890); e a teoria da doenca no final do século XIX por Robert Koch e Louis Pasteur, que
destacam os microorganismos como importantes indutores da inflamagéo (Medzhitov, 2010).

A inflamagdo pode ocorrer em diferentes formas e modalidades, bem como ser
regulada por diferentes mecanismos de indugéo, regulacéo e resolucdo. Deste modo, se por
um lado a inflamag&o é um processo essencial para a defesa do hospedeiro contra patdgenos
(Lybbi et al., 2007), por outro lado ela pode ocorrer na auséncia de infec¢do, um processo

conhecido como inflamacao estéril, que pode ser desencadeada por agentes quimicos, como
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agentes oxidantes, acidos e bases ou agentes fisicos como traumas, radiacdo, e temperatu

ras

extremas (Chen & Nunes, 2010). Entretanto, independentemente da causa, a inflamacao pode

ser entendida como um processo essencial para a restauracdo da homeostase e portanto

desempenha um importante papel fisiologico (Medzhitov et al., 2008) (Fig. 1.1).

Causas [ Infeccio J [ Dano tecidual ] [ Bal -f:l:cciiiol:laalmento }
Adaptacao ao estresse
Propésito Defes'a sl Re_p aro ¢ Restauracdo da
patogenos ecidual Homeostase
o Autoimunidade, Fibrose, Perda da Homeostase
Consequéncias Dano tecidual, Cancer e Autoimunidade
Sepse

Figura 1.1. Causas, propositos e consequéncias da inflamacéo. A inflamacéo é um fendmeno dindmico no

qual a finalidade fisiol6gica e as consequéncias patoldgicas sdo determinadas pelo tipo de estimulo indutor

(adaptado de Medzitov, 2008. Nature).

Apesar de ser um processo ativamente controlado, frequentemente ocorrem falhas

na

resolucdo da inflamacdo, o que contribui significativamente para a patogénese de varias

doencas crénicas, incluindo a asma e outras doencas alérgicas, a aterosclerose, a obesidade, o

cancro, a doenca pulmonar obstrutiva crénica, a doenga inflamatéria do intestino, a esclerose

maltipla e a artrite reumatdide (Nathan & Ding, 2010). Nestes casos, a inflamacdo em

Si,

passa a ser a causa da patologia, além de contribuir para a gravidade de outras co-morbidades

(Nathan & Ding, 2010; Medzhitov, 2010).



1.1.1. Caracteristicas Gerais das Respostas Inflamatdrias

Os eventos iniciais das respostas inflamatdrias sdo coletivamente denominados
inflamacédo aguda, um termo classicamente utilizado para descrever uma resposta imediata e
ndo inespecifica (Ryan & Majno, 1977). Neste sentido, os mecanismos envolvidos na
ativagdo da inflamacdo aguda estdo significativamente associados com a ativacdo de
componentes da resposta imune inata, a qual é caracterizada por rapidez, pouca
especificidade, auséncia de memoria e o predominio de fagocitos (Janeway-Jr & Medzhitov,
2002). Atualmente o papel destes componentes estd melhor estabelecido na resposta
inflamatoria contra infecgdes, embora ultimamente tenham havido avancgos significativos na
descricdo do papel destes componentes na inflamagéo resultante de dano, estresse ou mal
funcionamento tecidual na auséncia de infec¢es (Medzhitov, 2008).

A resposta inflamatoéria a patdgenos é dependente do reconhecimento de estruturas
microbianas conhecidas como padrdes moleculares associados a patégenos (PAMPS) por
receptores da imunidade inata conhecidos como receptores de reconhecimento de padréo
(PRRs) (Janeway, 1989). Os PAMPs incluem uma grande variedade de estruturas comuns a
classes de microrganismos e incluem: o lipopolissacarideo e o peptidoglicano de bactérias, o
zimosan de fungos e as sequéncias CpG do DNA bacteriano, entre outras. Cada uma destas
estruturas é reconhecida por PRRs especificos, tais como o receptores semelhantes ao Toll
(TLR, do inglés: “Toll like receptors”), 0S receptores de varredura (ou scavengers), 0S
receptores semelhantes ao Nod e os receptores de manose (Fraser et al., 1998; Jensen &
Thomsen, 2012). Este tipo de interagcdo permite ao sistema imune reconhecer estruturas
estranhas e portanto, potencialmente perigosas ao organismos e também contribui para a
ativacdo dos leucdcitos, resultando na liberacdo de mediadores que iniciam respostas agudas
bem como ativam respostas tardias (Fraser et al., 1998).

Um exemplo cléssico deste fendmeno é o reconhecimento do lipopolissacarideo
bacteriano (LPS), um componente da parede celular de bactérias gram-negativas, pelo
receptor semelhante ao toll (TLR, do inglés: Toll like receptor) - 4, expresso por macréfagos
residentes no tecido (Lu et al., 2008). A sinalizacdo do LPS via TLR-4 associado ao co-
receptor CD-14 e a proteina ligante de LPS (LBP) ativa os macréfagos, induzindo a producéo
de citoquinas inflamatorias, tais como o TNF-a, a interleucina (IL)-1 e a IL-6; quimiocinas,
como 0 CCL2 e CXCL8 (KC) e mediadores lipidicos, como a prostaglandina E, (PGE,). Estes
mediadores iniciam as alteragdes locais, inclusive a ativacdo de células epiteliais, células
dendriticas e 0s mastocitos, além da ativacdo de componentes plasmaticos, como a

bradicinina e 0s componentes da cascata de coagulacdo e as proteinas do sistema
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complemento (Pechi et al., 2009), que amplificam o estimulo inicial provocando diversas
alteracOes que favorecem o recrutamento, a migracao e ativagdo de células inflamatérias no
sitio de injuria, fornecendo um mecanismo de amplificacdo da resposta inflamatdria. Estas
alteracdes incluem a contracdo da musculatura lisa, 0 aumento da permeabilidade vascular e 0
aumento da expressdo de moléculas de adesdo, incluindo integrinas e selectinas (Libby,
2007). Em adicdo, a PGE,, produzida principalmente por macrofagos e células endoteliais
ativadas, pode ativar populagdes de neurdnios no sistema nervoso central induzindo alteragdes
comportamentais e febre, além de estar significativamente envolvida na dor inflamatoria
(Pechi et al., 2009).

No que diz respeito ao recrutamento de leucdcitos, os neutrdfilos sdo umas das
primeiras células a migrar para o sitio inflamatdrio, onde exercem funcGes essenciais na
eliminacdo dos patdgenos, bem como na modulacdo da resposta inflamatoria (Amulic et al.,
2012). Algumas citocinas inflamatodrias, incluindo o TFN- a, a IL-f ¢ a IL-17 estimulam as
células endoteliais a produzir moléculas de adesdo, tais como: as P-selectinas, as E-selectinas
e moléculas de adesdo intercelular (ICAMs) da familia das integrinas (Borregaard, 2010). Os
neutrofilos expressam constitutivamente em sua superficie o ligante da glicoproteina P-
selectina (PSGL-1) e a L-selectina (Kansas, 1996; McEver & Cummings, 1997). As
mudancas ocorridas no fluxo sanguineo contribuem para a ligacdo destas moléculas com as P
e E-selectinas das células endoteliais, resultando numa primeira adesdo mediada dos
neutrofilos ao endotelio vascular. Esta fase € seguida por um "rolamento” dos neutréfilos
longo do endotélio, uma vez que esta primeira adesao é relativamente fraca. Além disto, esta
interacdo mediada por selectinas é importante para a ativacdo dos neutréfilos (Mueller et al.,
2010; Yago et al., 2010). Deste modo, a interacdo com selectinas, quimiocinas, citocinas e
produtos bacterianos induzem diversas alteracdes nos neutréfilos, que incluem: a expressao de
moléculas que promovem uma adesdo firme dos neutrofilos, tais como as B2 integrinas (ex.
LFA-1) que se ligam a ICAMs na superficie endotelial; alteracGes no citoesqueleto que
permitem a que os neutréfilos se movam entre as células endoteliais e migrem em dire¢do ao
gradiente quimiotatico (Amulic et al., 2012) (Fig. 1.2).

Na maioria dos casos, ap6s a eliminacdo do agente agressor, a resposta inflamatoria
aguda é regulada negativamente para o estabelecimento da homeostase. Esta regulagdo é um
processo ativo chamado de resolucéo da inflamacdo e envolve diversas mudancas, incluindo a
mudanga no perfil de mediadores produzidos (Nathan & Ding, 2010). Por exemplo, ocorre a
interrupcdo da produgdo de prostaglandinas pro-inflamatérias e inducdo da producdo de
mediadores anti-inflamatorios, como as lipoxinas e resolvinas a medida em que os neutréfilos

sdo substituidos por macrofagos que realizam fagocitose e liberam tais mediadores (Serhan &
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Savill, 2005). Entretanto, quando o estimulo agressor persiste, a resolucdo nao é eficiente e
resposta inflamatdria torna-se crénica. Neste caso, a resposta inflamatoria causa danos mais
graves ao organismo, originando um quadro patologico que necessita de intervencao
terapéutica a longo prazo (Shacter & Weitzman, 2002). E o caso de varias patologias de
origem inflamatoria como, por exemplo, a asma, a artrite reumatoide e varias doencas
autoimunes. Uma caracteristica importante das inflamacGes crbnicas é que elas
frequentemente estéo associadas levam ao remodelamento tecidual, que pode levar a perda de
funcdo do orgdo afetado (Tabas & Glass, 2013).

Adesdo fraca Rolamento Adesao firme

Neutréfilo

PSGL-1,
L-selectina
§

P e E-selectina
=)

p— “
—( <)
» X .

Célula endotelial

Secrec¢do de citocinas

NETs

Figura 1.2. O recrutamento de neutréfilos para o sitio inflamatoério. Os mediadores inflamatérios induzem
diversas alteracdes que favorecem a migrag&o celular. Isto envolve sequencialmente: adeséo fraca e rolamento ao
longo do endotélio mediados por selectinas, adesdo firme mediada por integrinas, extravasamento entre as
células endoteliais e migracdo seguindo gradientes de quimiocinas até o sitio inflamatério, onde exercem
funcBes efetoras incluindo: fagocitose, secrecdo de enzimas e citocinas e formagéo de redes extracelulares de
neutrofilos (NETS) (adaptado de Amulic et al., (2012). Annual Review of Immunology).

Na fase tardia da reposta inflamatoria, muitos componentes da imunidade inata s&o
conservados e os linfécitos diferenciados comegam a orquestrar uma resposta especifica que,
como conhecido para respostas adaptativas, conserva memdria imunoldgica (lwasaki &
Medzhitov, 2010). Dentro deste contexto, os eventos iniciais da inflamacdo aguda sé&o
determinantes para a montagem de uma resposta crénica. Uma evidéncia disso é que o tipo e a
persisténcia do estimulo reconhecido pelas células apresentadoras de antigenos (APCSs)
influenciam a diferenciagcdo dos linfocitos T CD4+ (Th, do inglés: T helper, ou auxiliares)
virgens (Th0) em diferentes subtipos e deste modo, também afetam as caracteristicas da

resposta adaptativas (Murdoch & Lloyd, 2010; Soroosh & Doherty, 2009).
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Os linfocitos Th desempenham fungbes importantes na perpetuacdo de doencas
inflamatorias cronicas patologias por modular diversos processos imunoldgicos através da
producdo de citocinas caracteristicas (Zhu et al., 2010). Os diferentes subtipos de linfocitos
Th séo diferenciados a partir de células CD4" naive por meio de um processo que envolve a
ativacdo ou a repressdo de determinados genes, resultando na expressdo diferencial de fatores
de transcricao, receptores de quimiocinas e citocinas que definem a linhagem e possibilitam a
criacdo de uma alca de auto-sustentacdo (Murdoch & Lloyd, 2010). Até recentemente, as
células Th eram subdivididas em duas populacdes funcionalmente distintas e mutuamente
exclusivas: Thl, caracterizada pela producdo de Interferon gama (IFN-y) e pela protegdo
contra bactérias intracelulares, e Th2, caracterizadas pela producdo de IL-4 e pela protecdo
contra patdgenos extracelulares, incluindo helmintos. Contudo, atualmente, outras popula¢@es
de células Th tém sido identificadas, entre elas as Th9, Th17 e as células T regulatorias (Treg)
(O'Connor-Jr et al., 2010).

1.1.2. Mecanismos gerais de ativacao celular e producao de mediadores inflamatorios

Uma grande variedade de células no nosso organismo € capaz de produzir e liberar
mediadores inflamatdrios em resposta a estimulos especificos. Os mediadores inflamatérios
sdo substancias enddgenas que medeiam um ou mais eventos na resposta inflamatéria através
da estimulacdo de receptores especificos (Galley & Webster, 1996). Estes, incluem
substancias que sdo armazenadas em vesiculas na célula e liberadas durante a ativacao celular,
como a histamina e a serotonina (5-hidroxitriptamina, ou 5-HT); substancias que s&o
produzidas imediatamente ap6s o estimulo, como os mediadores lipidicos derivados do &cido
araquidénico, incluindo as prostaglandinas, os leucotrienos e o fator ativador de plaquetas
(PAF); e citocinas, substancias proteicas que sdo produzidas como resultado da transcricdo de
genes em resposta a ativacdo celular (Bloemen et al., 2007). Estas sdo principalmente
representadas por um grande ndmero de interleucinas (ILs), como a IL-1p, IL-6, IL-10, IL-4,
IL-5, IL-13, IL-8 entre outras, aléem do fator de necrose tumoral (TNF)-a ¢ o Interferon (IFN)-
Y; € as quimiocinas, que sdo citocinas com propriedades quimioatraentes, importantes no
recrutamento de leucocitos (Fanning & Boyce, 2013; Feghali & Wright, 1997).

A ativacdo celular consiste na estimulacdo de processos celulares em resposta a
estimulos externos. E um fendmeno que depende do tipo de estimulo, do tipo celular e dos
receptores envolvidos (Cheng & Jiang, 2013). Contudo, de um modo geral a ativagéo celular é
resultante da transducdo de sinal induzida pela interacdo entre moléculas e receptores imunes

especificos, incluindo a interacdo entre PAMPs e PRRs (Janeway-Jr & Medzhitov, 2002), a
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ligacdo cruzada entre os antigenos e a Imunoglobulina E (IgE) ligada a receptores FceRI
(Turner & Kinet, 1999), a ligacdo entre moléculas de MHC e os receptores de células Be T
(Jackson et al., 2013; Smith-Garvin et al., 2009), a ligacdo de citocinas aos respectivos
receptores (Leonard & Lin, 2000) ou ainda pela estimulacdo de receptores por agonistas
farmacoldgicos ativadores do influxo de Ca®* (Rénnberg et al., 2013). Em concordancia com
a diversidade de estimulos e receptores envolvidos, diversas vias de sinalizagdo podem ser
ativadas numa resposta inflamatoria. Entretanto a maioria destas vias compartilha
caracteristicas comuns. Em sintese, os receptores inflamatdrios estdo acoplados a adaptadores,
tais como 0 MyDD88 (do inglés: myeloid differentiation primary response gene 88) e 0 TRIF
(do inglés: Toll/interleukin-1 receptor (TIR) domain-containing adaptor inducing IFN-5) em
macrofagos ativados por LPS (Brierley & Fish, 2005), ou Syk, Fyn e Lyn quinases no caso de
mastocitos ativados por IgE (Gilfillan &Tkaczyk, 2006). Estes adaptadores medeiam a
ativacdo de proteinas quinases intracelulares, que desempenham importantes funcdes como a
abertura de canais de Ca’* e a ativacdo de enzimas intracelulares capazes de modular a
liberagdo de mediadores inflamatdrios, bem como a atividade de fatores de transcricéo, tais
como o fator nuclear kappa B (NF«xB), o fator nuclear de células T ativadas (NFAT) e a
proteina ativadora 1 (AP-1), que regulam a producdo de citocinas, receptores inflamatérios e
moléculas de adesdo (Lee & Yang, 2013). Dentre estas enzimas intracelulares, as proteinas
quinases ativadas por mitégenos (MAPKSs) desempenham fungfes centrais na inflamacéo.
estas proteinas constituem uma familia de serina / treonina quinases que medeiam respostas
celulares para sinais de estresse externos. O aumento da atividade das MAPKSs, em particular
a MAPK p38 e a JNK (do inglés: c-Jun N-terminal kinases) em resposta a estimulos
inflamatorios, bem como o seu envolvimento na regulacdo da sintese de mediadores
inflamatdrios em nivel de transcricdo e traducdo, tornam-nas alvos potenciais para terapias
anti-inflamatorias (Kaminska, 2005).

Os leucdcitos ativados, especialmente os macrofagos e os neutréfilos também sdo
caracterizados por um alto consumo de oxigénio e em consequencia passam a produzir
inimeras espécies reativas de oxigénio (ROS) e nitrogénio. Dentre estas espécies, 0 6xido
nitrico (NO) é um mediador que desempenha de fun¢es imunomoduladoras significantes em
diversas doengas inflamatorias, inclusive na asma (Prado et al., 2011). Varios estimulos
inflamatdrios, incluindo o LPS e citocinas como o TNF- a, a IL-1 e IFN-y estimulam a
producdo de NO por induzir a expressdo da isoforma induzivel da enzima Oxido nitrico
sintase (INOS). O Oxido nitrico é produzido a partir do metabolismo do aminoacido L-

arginina pela NOS ou pela arginase (Moncada, 1991; Moncada &Higgs, 2002)



A ativacao celular também leva a producéo de uma classe especial de mediadores, cuja
sintese independe de transcricdo génica, conhecidos como mediadores lipidicos. Estas
substancias constituem uma classe de lipidios bioativos que sdo produzidos localmente
através de vias biossintéticas especificas em resposta a estimulos extracelulares (Murakami et
al., 2011). Atualmente é sabido que estas moléculas desempenham importantes funcdes como
sinalizadoras e reguladores de diversos processos celulares, de tal forma que o desequilibrio
em vias de sinalizacéo reguladas por mediadores lipidicos contribui significativamente para a
progressao de diversas doencas inflamatorias (Bozza et al., 2009).

Dentre  estes mediadores, destacam-se 0s eicosanoides derivados do acido
araquidoénico, incluindo as prostaglandinas, os leucotrienos, as lipoxinas e as epoxinas
(Kendall & Nicolaou, 2013). Estes mediadores ndo sdo estocados na célula, mas sdo
produzidos quando estimulos promovem a ativacdo de acil-hidrolases, especialmente a
fosfolipase A, (PLA;) que liberam o 4&cido araquidénico da membrana, a partir de
fosfolipideos como a fosfatidilcolina e a fosfatidiletanolamina (Alhouayek et al., 2013). Uma
vez metabolizado, o &cido araquidbnico é rapidamente metabolizado por diferentes vias
enzimaticas, incluindo a via das prostaglandinas sintases e das lipoxigenases. As
prostaglandinas sintases, conhecidas como ciclooxigenases (COX), originam as
prostaglandinas (PGG,, PGH,, PGE;, PGF,,, PGD,, PGI, e PGJ;) e 0 tromboxano A; (TXAy)
(Narumiyia & FitzGerald, 2001). As prostaglandinas estdo envolvidas numa série de funcdes
inflamatdrias. A PGE,, particularmente, esta implicada na formacdo de edema, na dor
(causando sensibilizacdo de nociceptores) e na febre (interferindo no controle da temperatura
no hipotadlamo) (Thun et al., 1991), enquanto a PGD, desempenha fungfes chaves nas
respostas alérgicas (Oguma et al., 2008). A via da 5-lipoxigenase (5-LO) leva a sintese dos
leucotrienos que exercem funcgdes essenciais no desenvolvimento e persisténcia da resposta
inflamatoria, incluindo o LTB, uma molécula com propriedades quimiotaticas que
desempenha funcbes essenciais no recrutamento de neutrofilos (Afonso et al., 2012). Os
leucotrienos C4, D4 € E4, que sdo coletivamente conhecidos como cisteinil leucotrienos. Estes
mediadores desempenham diversas fun¢des inflamatdrias e contrateis, mediadas por
receptores acoplados a proteina G (GPCRs) e exercem um papel central na patogénese da
asma (Capra et al., 2007, Mukarami et al., 2011).

Diversos estudos tem demonstrado que durante a ativacdo celular, especialmente em
leucdcitos, ocorre 0 aumento do numero e tamanho de organelas citoplasmaticas conhecidas
como corpusculos lipidicos (CL). Os CL sdo classicamente definidos como organelas
citoplasmaticas ricas em lipideos, rodeadas por uma monocamada de fosfolipidios (Jhonson et

al., 1999; Murphy, 2001). Estudos na estrutura e funcdo dos CL demonstraram que estas
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estruturas sdo mais do que simples reservatorios de lipidios. Estas organelas possuem um
amplo conteldo protéico, incluindo proteinas estruturais, proteinas envolvidas no
metabolismo de lipidios e no transporte de membranas. Além disto, os CL armazenam vérias
enzimas formadoras de eicosandides como: PLA,, 5-LO, 15-LO, COX, LTC, e PGE sintase e
ainda citocinas, quimiocinas e proteinas quinases envolvidas em diversas vias de sinalizacao
(BOZZA et al., 2009).

1.1.3. A relacéo entre inflamacéo, nocicepcao e dor

A inflamacéo e a nocicepcao estdo conectadas por muitas vias, mecanismos e fungdes
comuns. Em termos evolutivos, isto pode entendido pelo fato estes dois componentes serem
determinantes na capacidade do organismos de garantir auto-integridade (Riedel & Neeck,
2001). A reacao inflamatdria promove diversas alteracBes que aumentam a sensibilidade de
nociceptores e em consequéncia a dor € dos principais sintomas da inflamacéo (Tracey, 2002).

A nocicepcdo é o processo pelo qual os neurbnios sensoriais priméarios detectam
estimulos dolorosos (Julius & Basbaum, 2011). Por outro lado, a dor é uma experiéncia
sensorial e emocional associada a ou dano tecidual potencial ou real (Merskey, 1991). Deste
modo, a dor é uma experiéncia complexa e subjetiva que envolve ndo apenas a transdugédo de
estimulos ambientais nocivos, mas 0 processamento cognitivo e emocional pelo cérebro e
portanto, depende das experiéncias individuais relacionadas com lesdes ao longo da vida
(Julius & Basbaum, 2001; Merskey, 1991).

A dor pode ser classificada em pelo menos trés categorias: fisioldgica, inflamatédria e
neuropética (Markenson, 1996). A dor fisiolégica € originada pela geracdo de potenciais de
acao de neurdnios sensoriais especializados nos tecidos periféricos, que detectam uma grande
variedade de estimulos nocivos, incluindo estimulos quimicos (ex. acidos) e fisicos (ex. calor
excessivo) (Julius & Basbaum, 2001), e é transferida ao sistema nervoso central através de
uma cadeia de nocicepcdo transferéncia formada por trés neurbnios, que sdo chamados
sequencialmente de neurénios de primeira, segunda e terceira ordem (Handwerker & Kobal,
1993). A dor inflamatéria é causada pela estimulacdo inespecifica de neurdnios sensoriais nos
tecidos periféricos por mediadores inflamatorios e por fim, a dor neuropatica é causada por
lesdo do sistema nervoso central ou periférico ou central. Contudo, ambas as formas de dor
sdo caracterizadas por hipersensibilidade no local da lesdo e nos tecidos adjacentes. Como
consequéncia, estimulos que normalmente nunca causar dor podem passar a fazé-lo, uma
condigcdo conhecida como alodinia, ou estimulos nocivos podem causar dor maior e mais

prolongada do que o esperado, caracterizando a hiperalgesia (Riedel & Neeck, 2001).
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As lesbes resultantes da reacdo inflamatdéria aumentam a experiéncia dolorosa a
estimulos térmicos ou mecanicos, principalmente devido a liberagdo de mediadores a partir de
terminagdes sensoriais primarias e por células ndo-neuronais, incluindo fibroblastos,
mastocitos, neutrdfilos e plaquetas (Bevan, 1999). Alguns destes mediadores, incluem os
prétons, o trifosfato de adenosina (ATP), a serotonina, o fator de crescimento do nervo (NGF,
do inglés: nerve growth factor) e especialmente a bradicinina e a PGE; (Fig 1.3). Estes
mediadores agem através de vias de sinalizacdo dependentes de canais idnicos ou de
receptores acoplados a proteina G, presentes na superficie de neurbnios nociceptores,
provocando o influxo de cétions como Na* e Ca**, causando despolarizacéo e diminuindo o
limiar excitatorio (Woolf & Salter, 2000) (Fig 1.3).

Estimulos
NGF
Bradicinina
Serotonina
H+
PGE,
Temperatura
Pressdo

Neurdnio

9

Substancia P

Medula espinhal

Figura 1.3. O papel dos mediadores inflamatdrios na ativagdo de nociceptores. As lesfes resultantes da
reacdo inflamatéria aumentam a experiéncia dolorosa a estimulos térmicos ou mecanicos, principalmente devido
a liberacdo de mediadores que sensibilizam os nociceptores, diminuindo o limiar excitatério (adaptado de Julius
& Basbaum, 2001. Nature).
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A maioria dos tipos de dor pode ser significativamente inibidas por agonistas de
receptores opidides, como a morfina. Estes farmacos sdo potentes analgésicos que agem
inibindo as vias da dor no sistema nervoso central. Contudo, 0s opiaceos possuem 0 UsO
limitado por seu alto potencial para causar dependéncia e induzir mecanismos adaptativos que
levam a tolerancia (Kreek et al., 2012; Ueda & Ueda, 2009). No entanto, que diz respeito ao
tratamento da dor inflamatdria, os antiinflamat6rios ndo esteroidais (AINES) estdo entre 0s
farmacos mais indicados (Whittle, 2003)

Os AINEs estdo entre as drogas mais amplamente utilizadas para o tratamento da
febre, dor e inflamacdo moderada em todo o mundo. Estes farmacos constituem um grupo
heterogéneo de substancias que inibem a COX (Howe, 2007). Embora os AINEs apresentem
um mecanismo de acdo semelhante, estas drogas diferem em muitos aspectos, incluindo a
poténcia farmacoldgica, a seguranca e a seletividade (Patrono & Rocca, 2009). Os AINEs
classicos, tais como a aspirina, a indometacina e o diclofenaco inibem tanto a enzima
constitutiva COX-1, como a isoforma COX-2, que é induzida em tecidos periféricos por
diversos estimulos inflamatorios, como por exemplo, pela acdo da IL-1p, cujo mecanismo
envolve ativacdo de MAPKSs como a ERK (do inglés: extracellular-signal-regulated kinases)
e a p38 (Molina-Holgado et al., 2000).

A eficécia dos AINEs como antiinflamatorios e analgésicos € atribuida principalmente
a inibicdo da producdo da PGE,, uma vez que um grande nimero de estudos indicam que
dentre os mediadores produzidos pela acdo da COX, a PGE, € aquele contribui mais
significativamente na para o desenvolvimento dos sintomas inflamatorios. A PGE, promove
sensibiliza¢do dos nociceptores periféricos por aumentar os niveis de AMP ciclico através da
ativacdo de receptores acoplados a proteina G (Gs). Contudo alguns estudos indicam que este
mediador também pode estar presente na medula espinhal, o que permitiria alguma acdo em
nivel central (Julius & Basbaum, 2001).

Apesar da eficacia em combater os sintomas da maioria das inflama¢Ges moderadas,
os AINEs classicos apresentam efeitos colaterais gastro-intestinais graves, que limitam o seu
uso a longo prazo. Os inibidores seletivos da COX-2 (coxibes) foram desenvolvidos com o
objetivo de apresentar baixos efeitos GI, no entanto, esses medicamentos apresentaram
eventos cardiovasculares graves (Inotai et al., 2010). Recentemente, os AINEs doadores de
NO, tais como nitro-aspirina, foram desenvolvidos com base na evidéncia de que o Oxido
nitrico desempenha um papel importante na regulacéo do fluxo sanguineo, evitando danos Gl
e cardiaca (Whittle, 2003).
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1.1.4. A inflamacéo alérgica

A inflamacdo alérgica é resultante de uma resposta imune exacerbada contra
substancias que, para a maioria das pessoas sdo indcuas. As doencas alérgicas mais comuns
incluem a asma, a rinoconjuntivite, a sinusite, a alergia alimentar, a dermatite atdpica, o
angioedema, a urticéria, a anafilaxia e alergia a drogas e insetos (Holgate & Polosa, 2008). A
etiologia destas doencas é complexa e esta associada a susceptibilidade genética de individuos
a montar respostas mediadas por IgE a estimulos ambientais especificos, uma condicdo
chamada de atopia (Alen, 2006; Sicherer & Sampson, 2007; Murdoch & Lloyd, 2010).

Os dados epidemioldgicos mais recentes indicam que as doencas alérgicas possuem
prevaléncia, morbidade e mortalidade crescente em todo o mundo. Estima-se que estas
doencas afetem cerca de 20% da populacdo mundial (Edwards et al., 2009). No Brasil, a asma
afeta cerca de 10% dos individuos, demandando altos custos com a terapia , 0 que destaca
esta doenca como um dos principais problemas de salde publica da atualidade (SBPT, 2012).

Uma caracteristica especial das reacBes alérgicas a antigenos especificos € a
necessidade de uma etapa prévia conhecida como sensibilizacdo. A sensibilizacdo alérgica
consiste numa série de eventos que resultam na producdo de IgE e sua ligacdo a receptores
Fce de alta afinidade (FceRI) em mastdcitos ou basofilos teciduais (Willart & Hammad,
2010). Neste processo, a exposicdo ao alérgeno induz o seu reconhecido e captura
principalmente por células dendriticas (DCs) residentes no epitélio. Alguns estudos indicam
gue este reconhecimento é dependente de TLRs (Lambrecht et al., 1998) e leva a transducéo
de sinais essenciais para a maturacao das células dendriticas (Chomarat et al., 2003; Yadav et
al., 2006). A maturagdo das DCs, induzida pelo reconhecimento do alérgeno, envolve
mudancas na expressao de diversas proteinas, incluindo as moléculas de MHC (complexo de
histocompatibilidade principal) de classe Il e moléculas co-estimulatérias como CD80 (B7-1)
e CD86 (B7-2) que sdo fundamentais para a apresentacdo de antigenos aos linfécitos ThO
(Murdoch & Lloyd, 2010). A sinalizagdo induzida pela interagéo entre MHC e TCR e entre as
moléculas co-estimulatérias e CD 28 expresso por linfécitos, estimula a translocacdo do fator
de transcricdo NFAT1, o qual induz a expressdo da proteina 3 ligante do GATA (GATA 3), 0
principal regulador da diferenciagéo de linfocitos ThO em Th2. Este processo é essencial para
0 desenvolvimento das respostas alérgicas, pois os linfécitos Th2 secretam citocinas que
orquestram a resposta inflamatéria a longo prazo, tais como a IL-13, a IL-4 e a IL-5
(Rodriguez-Palmero et al., 1999). A diferenciacdo das células Th2 é também favorecida pelo
proprio epitélio que secreta citocinas como a (IL)-25, a IL-33 e a Linfopoietina do estroma

timico (TLSP) que estimulam as DCs a induzirem a diferenciacdo de linfocitos Th2, aléem de
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estimularem IL-4 especialmente por baséfilos. A IL-4, por sua vez, é fundamental para a
ativagdo de genes de citocinas do perfil Th2 (Paul &Zhu, 2010). No contexto da
sensibilizagdo, a IL-13 e a IL-4, secretadas por linfocitos Th2, induzem a mudanca de classe
de imunoglobulina para a producéo de IgE por Linfdcitos B ativados. Uma vez produzida e
secretada, a IgE liga a receptores FceRI em mastocitos e basofilos (Holgate & Polosa, 2008).

A reacdo alérgica propriamente dita é iniciada por eventos que levam a ativagdo de
mastdcitos provocando a desgranulacdo destas células e a liberacdo de mediadores
inflamatdrios pré-formados, tais como a histamina, além de varias citocinas e quimiocinas. Os
produtos liberados na fase imediata iniciam a fase tardia, que envolve o recrutamento de
células inflamatorias tais como: macrofagos, eosinofilos, neutréfilos e linfocitos T CD4+,
especialmente os linfocitos Th2 (Cockcroft et al., 2007; Gould & Sutton, 2008). Em modelos
experimentais, o ato de fornecer estimulo(s) que desencadeie(m) uma reacdo alérgica é
comumente chamado de desafio.

Em individuos sensibilizados, a ligacéo cruzada do alérgeno ao complexo IgE-FceRI
desencadeia uma cascata de eventos bioquimicos levando a desgranulacdo (Galli et al., 1999;
Gould & Sutton, 2008). Esse processo envolve a elevagio da concentracdo citosélica do Ca?*,
seguida pela ativacdo de quinases tais como: a proteina quinase C (PKC), proteina quinase
ativada por mitégeno (MAPK) e fosfatidilinositol-3-quinase (PI3K) (Huber et al., 2000), com
posterior translocagdo das vesiculas contendo os granulos e, em Gltima insténcia, fusdo com a
membrana plasméatica em um processo mediado, em parte, por proteinas de ancoramento da
familia das SNAREs (Puri et al., 2003; Gilfillan &Tkaczyk, 2006)

Experimentalmente, eventos semelhantes podem ser produzidos pela estimulacéo
direta dos mastocitos com compostos como a substancia P, o peptideo degranulador de
mastocitos, o neuropeptideo Y, agonistas de canais de calcio e o composto sintético 48/80
(Tatemoto et al., 2006). As reacdes alérgicas que envolvem a liberacdo sistémica e subita de
mediadores, podem desencadear um quadro clinico conhecido como choque anafilético
(Kemp & Lockey, 2002). O choque anafilatico é uma reacdo grave na qual o individuo
apresenta sintomas como falta de ar, hipotensao, arritmia cardiaca, vomitos, urticaria, dor de
cabeca e inconsciéncia, podendo levar o individuo ao 6bito (Wade et al., 1989).

As caracteristicas fisiopatologicas das doencas alérgicas sao diretamente influenciadas
pelo ambiente no qual elas ocorrem. Deste modo, uma caracteristica fundamental da maioria
das alergias cutaneas € a coceira (Buddenkotte & Steinhoff, 2010). Neste contexto, a coceira é
principalmente resultante da estimulacdo de receptores especificos em neurdnios por uma
grande variedade de mediadores, tais como: histamina, a serotonina, a substancia P, o LTB4,

a IL-31, prostaglandinas e proteases (Garibyan et al., 2013; Greaves et al., 2010). A coceira
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severa constitui um importante problema porque induz o ‘“scratching behavior” (em
portugués: comportamento de coceira) resultando na formagdo de lesdes na pele, que pioram
a situacdo dos individuos alérgicos (Wahlgren, 1991).

A asma alérgica é uma doenca caracterizada por uma inflamacgédo crénica das vias
aéreas que esta associada a um intenso recrutamento e ativacao de leucdcitos, remodelamento
tecidual e hiperreatividade das vias aéreas (AHR) (Fig 1.4) (Barnes, 2008; Paul & Zhu, 2010).
A AHR é uma caracteristica chave em episodios de asma. Esta condigdo é definida como um
estreitamento das vias aéreas em resposta a estimulos ndo especificos, que geralmente nédo
afetam as vias aéreas de individuos normais (Barnes, 2008; Lauzon et al., 2012). A AHR ¢
resultante de interagBes complexas entre os leucdcitos ativados e a musculatura lisa das vias
aéreas e estudos previos demonstraram que e os mediadores inflamatérios, incluindo a IL-13 e
os cisteinil leucotrienos (CisLTs) desempenham funcdes importantes neste processo (Yang et
al., 2005).

No que diz respeito ao recrutamento e ativagdo de leucdcitos na asma alérgica,
diversos estudos tem demonstrado que os eosinofilos possuem um papel critico na patogénese
desta doenca (Gleich et al., 1993; Weller, 1997; Rothenberg, 1998). Estas células sdo
recrutadas para o pulmao e ativadas em resposta a estimulos de mediadores como a IL-5 e a
eotaxina. Uma vez ativados, os eosinofilos produzem inimeras citocinas (incluindo a IL-13),
além de proteases (como a proteina béasica principal e a peroxidase eosinofilica) e mediadores
lipidicos, que amplificam o processo inflamatorio e causam injuria tecidual, remodelamento e
AHR. No que diz respeito ao papel da eotaxina neste processo, Vieira-de-Abreu e
colaboradores (2005) demonstraram que esta quimiocina efetivamente induz a tanto o
recrutamento como a ativacdo de eosinofilos, aumentando a geracdo de corpusculos lipidicos
nestas células. Embora estas organelas possam ser encontradas em eosinofilos nao-
estimulados, um aumento na formacao de cospusculos lipidicos durante a inflamacéo alérgica
é importante para a producdo de eicosanoides, especialmente de CisLTs, que causam VAarios
efeitos inflamatdrios, incluindo: broncoconstricdo, hipersecrecdo de muco, aumento da
permeabilidade microvascular, hiperresponsividade brénquica e infiltrado eosinofilico (Lewis
et al., 1990; Laitinen et al., 1993). Desta forma, o recrutamento e subsequente ativacdo de
eosindfilos nos sitios de inflamagéo alérgica sdo eventos-chaves na patogénese da asma e

outras doencas alérgicas (Weller, 1997).
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Figura 1.4. A inflamacdo alérgica pulmonar na asma. O ambiente inflamatério no pulmdo asmatico é
caracterizada pela presenca de leucdcitos ativados, incluindo mastocitos e linfcitos Th2 e eosindfilos, que sdo
recrutados para o sitio inflamatdrio, onde desempenham varias funcdes efetoras através da liberagéo de citocinas,
eicosanoides e proteases que perpetuam a inflamagdo e causam mudangas estruturais no epitélio e na
musculatura lisa, levando a AHR e ao remodelamento das vias aéreas (adaptado de Paul & Zhu, 2010. Nature

Reviews Immunology).

1.1.4.1. A Terapia farmacoldgica da Asma

A terapia farmacoldgica da asma envolve a utilizacdo de farmacos que aliviam e
controlam os sintomas da doenca (Holgate e Polosa , 2008). Os medicamentos que s&o
amplamente utilizados no tratamento da asma hoje incluem potentes corticosterdides
inalatorios, tais como a budesonida e a fluticasona; agonistas 2 - adrenérgicos de longa agdo
(LABA), tais como o salmeterol e o formoterol , e modificadores de leucotrienos, incluindo o
zafirlucaste, 0 montelucaste e o zileuton; também existem terapias combinadas, que incluem
corticosteroides inalatorioss e LABAs em um dispositivo de liberagdo unica (Szefler et al.,
2011).

Os corticosteroides sdo farmacos anti- inflamatoérios potentes que regulam a expressao
de citocinas, quimiocinas e moléculas de adesdo , modulando a atividade de fatores de

transcricao tais como NF-kB e a AP-1. Os Corticosteroides inalatérios sdo muito eficazes em
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inibir a inflamacéo das vias aéreas, e eles representam uma importante ferramenta no manejo
da asma (lvancsé et al., 2013). No entanto, esses medicamentos ndo sdo eficazes , em
condicGes especificas, incluindo exacerbacdes induzidas por virus ou fumaca (Harrison et al.,
2004).

Os agonistas .- adrenérgicos promovem broncodilatacdo por meio da producdo do
3'5'- monofosfato de adenosina ciclico (AMPc) e a ativagdo da proteina quinase A (PKA). Os
agonistas P, -adrenérgicos de curta acdo sdo mais comumente usados em associagdo com
corticosteroides inalatérios como uma terapia complementar para asma (Holgate e Polosa ,
2008). Os inibidores da fosfodiesterase também aumentam o AMPc, mas esses tratamentos
tem sido menos comumente utilizados, devido ao baixo indice terapéutico de algumas
farmacos (Boswell - Smith et al., 2006).

Os Antagonistas do receptor 1 de cisteinil leucotrienos (CisLTR1) estdo disponiveis
atualmente e sdo importantes ferramentas terapéuticas na asma. Estes farmacos agem
blogqueando muitas atividades dos CisLTs, incluindo a broncoconstri¢cdo, e sdo usados
principalmente como terapia complementar aos corticosterdides inalatérios (Polosa, 2007).
Por altimo, os inibidores de mastdcitos, os anticorpos monoclonais blogueadores de citocinas
e as imunoterapias especificas para o alérgeno sao também importantes no tratamento da asma
e outras doencas alérgicas (Edwards e Howell , 2000; Holgate e Polosa, 2008).

Apesar da variedade de terapias actualmente disponiveis anti- asmaticos, a procura de
novos produtos quimicos estruturalmente e para o desenvolvimento de medicamentos seguros
e eficazes para o tratamento da asma e outras doencas alérgicas permanece um importante

campo de investigag&o.

1.2. O desenvolvimento de farmacos a partir de produtos naturais

Os produtos naturais possuem um papel importante na Histéria da medicina e em
especial, na Histdria da farmacologia. Ainda na antiguidade o ser humano descobriu o
potencial curativo das plantas e passou a utilizd-las no tratamento de suas enfermidades
(Teske & Trentini, 1994). O isolamento da morfina (um constituinte do épio) a partir da
planta Papaver somniferum (Papoula) por Friedrich Sertlrner, ha cerca 200 representou um
marco no desenvolvimento de farmacos, uma vez que constituintes purificados poderiam ter
suas propriedades farmacoldgicas e/ou tdxicas estudadas e administradas em doses precisas
(Hamilton & Baskett, 2000).

O desenvolvimento da pesquisa na area farmacéutica, especialmente depois da

Segunda Guerra mundial em que havia um grande interesse na descoberta de antibioticos
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ampliou bastante o isolamento e identificacdo de novas estruturas biologicamente ativas, de
modo que em 1990, cerca de 80% dos medicamentos eram produtos naturais ou analogos
desenvolvidos com base na estrutura deles, incluindo: Antibiéticos, antiparasitérios,
antimalaricos, agentes de controle de lipideos, imunossupressores (essenciais em transplantes)
e antineoplasicos. Estas descobertas tiveram um enorme impacto na qualidade e expectatuva
de vida da populacdo, que passou de 40 anos no inicio do XX para mais de 77 anos,
atualmente (Harvey, 2008).

Apesar do impacto positivo no desenvolvimento da inddstria farmacéutica, os dados
mais recentes indicam que a proporcdo de medicamentos desenvolvidos a partir de produtos
caiu para aproximadamente 50% em 2008 (Li &Vederas, 2009). Uma das raz0es para esta
queda foi a mudanga, nos ultimos anos, no cenario farmacéutico, que passou a ter mais
exigéncias com relacdo a testes de eficacia e seguranca dos produtos por parte das agéncias
reguladoras, 0 que aumentou o tempo e custo no desenvolvimento de novos farmacos, além
de questbes especificas relacionadas a patentes e relacBes entre empresas farmacéuticas
(Koehn &Carter, 2005; Malik, 2008). Outra dificuldade na pesquisa com produtos naturais é a
falta de métodos eficientes em encontrar candidatos a farmacos com atividade desejavel, além
da falta de tecnologia apropriada para sintetizar e modificar estruturalmente algumas
moléculas de origem natural, devido a abundancia de substituintes e centros estereoquimicos
(Butler, 2004). Contudo, a perspectiva é de que num futuro, novas tecnologias sejam
desenvolvidas para superar a maioria destas dificuldades e portanto o desenvolvimento de
farmacos a partir de produtos naturais permanece um importante campo de investigacdo
cientifica (Li &Vederas, 2009).

Os alcal6ides compreendem a maior classe de produtos naturais derivados de plantas.
Estas substancias sdo produzidos pelo metabolismo secundéario das plantas e varios estudos
indicam que estes metabolitos sdo dotados de uma grande diversidade de atividades
farmacoldgicas. Os alcaloides substancias de carater alcalino que contém um ou mais atomos
de nitrogénio, geralmente em combinacdo, como parte de um sistema ciclico (Harborne,
1991). Segundo Barbosa-Filho e colaboradores (2006), somente no século XX, mais de 170
alcaldides foram testados em todo o mundo quanto a atividade antiinflamatoria. Destes, cerca
de 140 compostos mostraram-se farmacologicamente ativos em diferentes modelos
experimentais, sendo a maioria destes compostos pertencente a classe de alcaloides
isoquinolinicos.

Varios estudos tém mostrado que os alcaloides bisbenzilisoquinolinicos (BBAS)
possuem atividade imunomoduladora contra doencgas inflamatorias e alérgicas (Seow et al.,

1986; Teh et al., 1990). Nos ultimos anos, 0 nosso grupo de pesquisa tem investigado o
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potencial terapéutico de produtos naturais e resultados promissores teme sido obtido, em
especial  no que diz respeito ao uso da planta Cissampelos sympodialis EICHL
(Menispermaceae) e o alcaloide bisbenzilisoquinolinico warifteina em modelos animais de
inflamacédo e alergia. Os efeitos imunomoduladores produzidos pelo extrato da planta bem
como pela warifteina incluem a inibicdo da proliferacdo de esplendcitos e aumento producao
de IL-10 (Piuvezam et al., 1999), inibicdo da producdo de IgE especifica para ovalbumina
(OVA) (Bezerra-Santos et al., 2004) e inibicdo do choque anafilatico induzido por OVA
(Bezerra-Santos et al., 2005); inibicdo do recrutamento e ativacdo de eosindfilos in vivo,
associado com reducdo da producdo de eotaxina e cisLTs (Bezerra-Santos et al., 2006);
inibicdo da ativagdo de mastdcitos in vitro (Costa et al., 2008), além da modulacédo da AHR e
do remodelamento das vias aéreas em modelo de asma experimental (Bezerra-santos et al.,
2012).

1.2.1. A planta Chondrodendron platyphyllum e o alcaloide curina

Chondrodendron platyphyllum A. St. Hil (Miers) (Menispermaceae) é uma planta
medicinal encontrada no nordeste do Brazil. Esta planta € conhecida popularmente como
"abdtua”, "abutua grande"” e "uva do mato" e tem sido usada na medicina popular para tratar
uma grande variedade de condices, incluindo a malaria, febre, dor, edema, uretrite, cistite,
Ulceras e disturbio menstrual (Correa, 1984; Gotfredsen, 2013). De acordo com Silva (2006),
C. platyphyllum tem sido utilizado em conjunto com Zanthoxylum articulatum A. St. Hil. para
compor o medicamento fitoterdpico Uva-mato ®, que € utilizado para tratar cdibras
abdominais, renal e e dor muscular.

A analise fitoquimica da raiz de C. platyphyllum revelou que esta planta é rica em
alcaloides bisbenzilisoquinolinicos, um grupo de compostos naturais com propriedades
farmacoldgicas interessantes, como propriedades anti-inflamatdrias, anti-alérgicas e
analgésicas (Souto, 2011). Pelo menos trés alcaldides, incluindo a curina, a isocurina e a 12-
O-metilcurina foram identificados a partir desta planta e curina (Fig. 1.5) é o constituinte

principal (Dias et al., 2002).
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Figura 1.5. A planta Chondrodendron platyphyllum e os alcaloides curina e warifteina

Estudos anteriores demonstraram que os alcaldides extraidos de Chondrodendron
platyphyllum sdo farmacologicamente ativos (Guedes et al., 2002). Dias e colaboradores
(2002) demonstraram que a curina e a isocurina possuem efeitos vasodilatadores e sugeriram
que os efeitos da curina estdo associados com a inibicdo de canais de calcio. Medeiros e
colaboradores (2011) demonstraram que a curina diminuiu as correntes transientes de Ca**
intracelular em células A7r5, possivelmente através de um bloqueio direto de canais de Ca*
do tipo L. No entanto, apesar da interessante atividade farmacoldgica da curina e da sua
semelhanca estrutural com a warifteina, as propriedades antiinflamatorias e antialérgicas da
curina e 0s seus potenciais efeitos tdxicos permanecem por ser caracterizados. Utilizando
modelos murinos de inflamacdo e asma alérgica e ndo encontrando nenhuma toxicidade
detectavel, o presente estudo relata os efeitos benéficos da curina como um composto

antiinflamatdrio e anti-alérgico ativo por via oral.
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2. OBJETIVOS

2.1 Analisar os efeitos toxicos induzidos pelo tratamento oral com a curina.

2.2. Investigar o efeito da curina na ativacdo de eosinéfilos e na hiperreatividade das vias

aereas em um modelo de asma alérgica experimental.

2.3. Caracterizar o efeito anti-inflamatorio e analgésico da curina em camundongos.

2.4. Investigar o efeito da curina na ativacdo de macrdfagos e no recrutamento de neutréfilos
em um modelo experimental de inflamagéo induzida por LPS.
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3. ARTIGOS ANEXADOS

3.1. Artigo |

CURINE INHIBITS EOSINOPHIL ACTIVATION AND AIRWAY HYPER-
RESPONSIVENESS IN A MOUSE MODEL OF ALLERGIC ASTHMA. Ribeiro-Filho,
J.; Calheiros, A. S.; Vieira-de-Abreu, A.; Carvalho, K. I. M.; Mendes, D. S.; Bandeira-Melo,
C.; Martins, M. A.; Dias, C. S.; Piuvezam, M. R.; Bozza, P. T. Toxicology and Applied
Pharmacology, v. 273, p. 19-26, 2013.

Neste primeiro artigo nos caracterizamos o efeito antialérgico da curina utilizando um
modelo de asma alérgica experimental e avaliamos diversos parametros toxicolégicos em
animais tratados por via oral com curina. N6s demonstramos que a administracdo oral da
curina inibiu significativamente a inflamacdo eosinofilica , formacdo de corpos de lipidicos
em eosinofilos e AHR em animais desafiados com OVA em comparagdo com 0s animais do
grupo néo tratado. O tratamento com a curina também reduziu a producdo de eotaxina e IL-
13. O verapamil , um antagonista de canais de calcio, apresentou propriedades anti -alérgicas
semelhantes, e o pré- tratamento com a curina inibiu a resposta contractil induzida por célcio
em anéis de traqueia ex vivo, 0 que sugere que 0 mecanismo pelo qual a curina exerce 0s seus
efeitos € através da inibicdo de uma resposta dependente de calcio. A avaliacdo toxicoldgica
mostrou que a curina administrada oralmente por 7 dias em doses até 10 vezes superiores a
sua dose efetiva mediana (DEsp) , ndo alterou significativamente os parametros bioquimicos,
hematol6gicos , comportamentais e fisicos em animais experimentais em compara¢do com 0s
animais tratados com solucédo salina. Estes resultados indicam que a curina possui atividade
anti- alérgica que se da por meio de mecanismos que envolvem a inibicdo de IL -13 e eotaxina

e inibic&o do influxo de Ca **, sem induzir toxicidade evidente.
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Allergic asthma is a chronic inflammatory airway disease with increasing prevalence around the world. Current
asthma therapy includes drugs that usually cause significant side effects, justifying the search for new anti-
asthmatic drugs. Curine is a bisbenzylisoquinoline alkaloid that modulates calcium influx in many cell types;
however, its anti-allergic and putative toxic effects remain to be elucidated. Our aim was to investigate the effects
of curine on eosinophil activation and airway hyper-responsiveness (AHR) and to characterize its potential toxic
effects. We used a mouse model of allergic asthma induced by sensitization and challenge with ovalbumin (OVA)
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Curine to evaluate the anti-allergic effects of oral treatment with curine. The oral administration of curine significantly
Allergy inhibited eosinophilic inflammation, eosinophil lipid body formation and AHR in animals challenged with OVA

compared with animals in the untreated group. The curine treatment also reduced eotaxin and IL-13 production
triggered by OVA. Verapamil, a calcium channel antagonist, had similar anti-allergic properties, and curine pre-
treatment inhibited the calcium-induced tracheal contractile response ex-vivo, suggesting that the mechanism
by which curine exerts its effects is through the inhibition of a calcium-dependent response. A toxicological eval-
uation showed that orally administered curine did not significantly alter the biochemical, hematological, behav-
ioral and physical parameters measured in the experimental animals compared with saline-treated animals. In
conclusion, curine showed anti-allergic activity through mechanisms that involve inhibition of IL-13 and eotaxin
and of Ca™ * influx, without inducing evident toxicity and as such, has the potential for the development of anti-
asthmatic drugs.
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Introduction

Allergic asthma is an important public health problem in terms of
prevalence, morbidity and mortality, affecting approximately 20% of
the world's population and requiring costly therapy (Chatila, 2004;
Edwards et al., 2009). The pathophysiology of asthma is complex and
results from an inappropriate immune response to common allergens;
this response is characterized by chronic airway inflammation that is as-
sociated with intense leukocyte recruitment and activation at the site of
injury and airway hyper-responsiveness (AHR) (Barnes, 2008; Paul and
Zhu, 2010).

The current standard for the treatment of asthma involves the use of
drugs that relieve and control the symptoms of the disease (Holgate and

* Corresponding authors.
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(P.T. Bozza).
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Polosa, 2008). The medications that are broadly used in asthma manage-
ment today include potent inhaled corticosteroids, such as budesonide
and fluticasone; long-acting P,-adrenergic agonists (LABAs), such as
salmeterol and formoterol; and leukotriene modifiers, including
zafirlukast, montelukast and zileuton; there are also combination thera-
pies that include inhaled corticosteroids and LABAs in a single delivery de-
vice (Szefler, 2011). Corticosteroids are potent anti-inflammatory drugs
that regulate the expression of cytokines, chemokines and adhesion mol-
ecules by modulating the activity of transcription factors such as nuclear
factor-<B (NF-kB) and activator protein 1 (AP1). Inhaled corticosteroids
are very effective at inhibiting airway inflammation, and they represent
an important tool in asthma management (Ivancso et al., 2013). However,
these drugs are not effective under specific conditions, including virus- or
smoke-induced exacerbations (Harrison et al., 2004). >,-Adrenergic ago-
nists effectively promote bronchodilation through the production of cyclic
adenosine 3’5’-monophosphate (cAMP) and the activation of protein ki-
nase A (PKA). Inhaled short- and long-acting 3,-adrenergic agonists are
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currently most commonly used in association with inhaled corticoste-
roids as a supplementary therapy for asthma (Holgate and Polosa,
2008). Phosphodiesterase inhibitors also increase cAMP, but these treat-
ments have been less commonly used of late because of the low therapeu-
tic index of some drugs (Boswell-Smith et al., 2006). Antagonists of
cysteinyl leukotriene receptor 1 (CysLTR1) are currently available and
are important therapeutic tools in asthma. These drugs act by blocking
many activities of CysLTs, including bronchoconstriction, and are mainly
used as a supplementary therapy to inhaled corticosteroids (Polosa,
2007). Finally, mast cell inhibitors, cytokine-blocking monoclonal anti-
bodies and allergen-specific immunotherapies are also important in the
treatment of asthma and other allergic diseases (Edwards and Howell,
2000; Holgate and Polosa, 2008).

Despite the currently available array of anti-asthmatic therapies, the
search for structurally novel chemicals and for the development of safe
and effective drugs for the treatment of asthma and other allergic con-
ditions remains an important field of investigation. Several studies
have shown that bisbenzylisoquinoline alkaloids (BBAs) have immuno-
modulatory activity against allergy and inflammation (Seow et al.,
1986; Teh et al.,, 1990). Our group has demonstrated that the alkaloid
warifteine has anti-allergic properties, including the inhibition of ana-
phylaxis, the inhibition of eosinophil recruitment and activation, the
ability to modulate airway hyper-responsiveness and remodeling

(Bezerra-Santos et al., 2005, 2006, 2012) and the ability to inhibit hista-
mine release (Costa et al., 2008).

Curine (Fig. 1A) is a BBA that is the major constituent of the root bark
of Chondrodendron platyphyllum (Menispermaceae). This compound
has a molecular structure that is similar to that of warifteine. Recently,
Medeiros et al. (2011) demonstrated that curine may have direct effects
on L-type Ca?™ channels in vascular smooth muscle cells. However, de-
spite curine's interesting pharmacological activity and its structural
similarity to warifteine, this molecule's anti-allergic properties and po-
tential for toxic effects remain to be investigated. Using a mouse
model of allergic asthma and finding no detectable toxicity, our study
is the first to report that curine is beneficial as an orally active anti-
allergic compound.

Methods

Curine purification. C. platyphyllum Hil St. (Miers) was collected in the
municipality of Santa Rita, Paraiba, Brazil. The voucher specimen of
this plant is deposited in the Herbarium Prof. Lauro Pires Xavier, number
3631-P, and was identified by Prof. Dr Maria de Fatima Agra. Spectro-
scopically pure curine was isolated from the root bark of C. platyphyllum
as described by Mambu et al. (2000). The curine solution was prepared
using 1 mg of the crystalin 50 pl of 1 N HCl and 500 pl of distilled water.
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Fig. 1. The effect of curine on eosinophil recruitment and activation. BALB/c mice (n = 5-7) were treated orally with increasing doses of curine (0.1, 0.5, 2.5 or 12.5 mg/Kg), or dexameth-
asone (2 mg/Kg) 1 h before each challenge. Twenty-four hours after the last challenge, the BAL was collected and the eosinophils and lipid bodies were counted using a light microscope.
A) the chemical structure of curine; B) the number of BAL eosinophils; C) the number of lipid bodies per eosinophil; D) a dose-response curve of curine on the inhibition of eosinophil
recruitment. These results are expressed as the mean £ SEM of at least 5 animals. + Significantly different (p < 0.05) from the unchallenged group; * significantly different from the

untreated, OVA-challenged group.
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The pH was adjusted to 7-8 with 1 N NaOH. The volume was adjusted
to 1000 pl, and the dilutions were made in phosphate-buffered saline
(PBS).

Animals. Male BALB/c or Swiss mice weighing 20-30 g were obtained
from the Oswaldo Cruz Foundation breeding unit. The animals were
maintained with food and water ad libitum in a room with the temper-
ature ranging from 22 to 24 °C and a 12 h light/dark cycle. This study
was carried out in accordance with the recommendations of the
Brazilian National Council for the Control of Animal Experimentation
(CONCEA). The protocols were approved by the Animal Welfare
Committee of the Oswaldo Cruz Foundation (CEUA/FIOCRUZ protocol
# 1-002/08).

Treatments. To perform the dose-response curve with eosinophil re-
cruitment as a measured outcome, animals were treated orally with dif-
ferent doses of curine (0.1, 0.5, 2.5 or 12.5 mg/Kg) or dexamethasone
(2 mg/Kg) orally (p.o.) 1 h before each challenge (pre-treatment
protocol). Alternatively, the mice were treated with curine (2.5 mg/Kg)
1 h after the last challenge (post-treatment protocol). The dose of curine
(2.5 mg/Kg) was chosen based on the results obtained from the pre-
treatment dose-response curve. Verapamil (2.5 mg/Kg) was given as a
control calcium channel antagonist. For the ex-vivo experiments, 9 pM
curine was used. This concentration was found to be the approximate
ICsp for the inhibition of calcium influx in the experiments performed
by Medeiros et al. (2011). To evaluate the toxicological parameters, ani-
mals were treated orally once a day for 7 consecutive days with curine
(2.5 or 8 mg/Kg) or dexamethasone (2 mg/Kg). The control group
was treated orally with PBS. Importantly, the 8 mg/Kg dose of curine is
10-fold higher than its median effective dose (EDs).

Toxicological evaluation. The male Swiss mice were treated as described
above; their weight, behavior, and primary physical aspects (e.g., activity,
breath, piloerection, convulsions and diarrhea) were monitored daily.
Twenty-four hours after the last treatment, the animals were eutha-
nized by exposure to an atmosphere of CO,, and the blood was col-
lected by cardiac puncture. EDTA was added to the blood samples
for the hematological analyses of leukocytes, red blood cells (RBC),
platelets, hematocrit, hemoglobin, the mean corpuscular hemoglo-
bin concentration (MCHC), the mean corpuscular volume (MCV)
and the mean corpuscular hemoglobin (MCH). Blood samples were
centrifuged at 6000 g for 8 min at 4 °C to separate out the serum.
The serum concentrations of alkaline phosphatase, alanine transam-
inase (ALT), aspartate transaminase (AST), bilirubin, creatinine, cre-
atinine kinase, cholesterol, glucose, total proteins and uric acid were
determined. The relative weight and the macroscopic aspects of the
stomach, liver, spleen, thymus, intestines, kidneys and lungs were
analyzed, and the presence of gastric ulcer was assessed through
macroscopic and histological analyses.

Airway inflammation in actively sensitized mice. Allergic airway in-
flammation was induced as described by Lloyd et al. (2001). The
animals were sensitized intraperitoneally (i.p.) with ovalbumin
(OVA — 10 pg/mouse) and Al(OH); (10 mg/mL) in a 0.9% NaCl
solution (saline 0.2 mL) on days 1 and 10. From day 19 to day 24
after sensitization, the mice were challenged daily for 20 min
with OVA (5%) in PBS by aerosol. Aerosolized PBS was administered
to some of the sensitized mice as a negative control. These proce-
dures were performed in a 30 x 20 x 10 cm acrylic chamber, and
the aerosol was generated by an ultrasonic nebulizer. Twenty-
four hours after the last challenge, the animals were euthanized
by exposure to an atmosphere of CO,, and the trachea was surgically ex-
posed and cannulated. The bronchoalveolar lavage (BAL) was collected
from mice by washing the lungs with 1 mL of PBS.

24

Leukocyte counts and lipid body enumeration. Total leukocyte counts
were performed using a Neubauer chamber under a light microscope
after diluting the BAL samples in Turk fluid (2% acetic acid). Differential
counts were performed. To enumerate lipid bodies, the cells, while still
moist, were fixed in 3.7% formaldehyde (diluted in Ca®*/Mg?*-free
HBSS; pH 7.4), rinsed in 0.1 M cacodylate buffer (pH 7.4), stained
with 1.5% 0sO4 for 30 min, rinsed in distilled H,O, immersed in 1.0%
thiocarbohydrazide for 5 min, rinsed in 0.1 M cacodylate buffer,
restained with 1.5% OsO, for 3 min, rinsed in distilled water and then
dried and mounted (Bozza et al, 1997). The cell morphology was
observed and the lipid bodies were enumerated by microscopy with
an objective lens at 100x magnification. Twenty-five consecutively
scanned eosinophils were evaluated, and the results were expressed
as the mean numbers of lipid bodies per eosinophil.

Cytokine quantification. Twenty-four hours after the last challenge, the
lungs of the mice were surgically removed. Each lung was treated
with 800 ul of a complete cocktail solution of protease inhibitors
(Roche Diagnostics GmbH / Mannheim', Germany) containing both re-
versible and irreversible protease inhibitors and 20 uM EDTA. The cock-
tail solution was prepared by dissolving 1 tablet in 50 ml of 100 mM
phosphate buffer, pH 7.0. The lungs were then macerated, the samples
were centrifuged at 6000 g for 20 min at 4 °C, and the supernatants
were collected. The total protein concentration of these samples was de-
termined using a kit for the determination of proteins (BCA, from Pierce,
Rockford, IL). The concentrations of IL-13 and eotaxin were measured
using DuoSet kits according to the manufacturer's instructions (R&D
Systems).

Analysis of airway hyper-responsiveness. Airway hyper-responsiveness
(AHR) in the mice was analyzed using non-invasive whole body pleth-
ysmography (Buxco, Sharon, CT) 24 h after the last OVA challenge. AHR
was measured after the aerosolization of PBS followed by increasing
concentrations of methacholine (0, 6, 12.5 and 25 mg/mL; Sigma-
Aldrich), each of which was injected into the chamber for 2 min. The
AHR data were expressed as an average enhanced pause (Penh).
There was an interval of 10 min between each aerosol exposure, and
within this period of time, the Penh values had returned to baseline.

Analysis of the trachea contractile response ex vivo. Tissue preparation.
Male Wistar rats (8 weeks) were euthanized in a CO, chamber; the
tracheas were removed and were immediately immersed in Krebs
nutritive solution (118 mM NaCl, 4.8 mM K(l, 2.5 mM CaCl,, 1.2 mM
MgS0y4, 1.2 mM KH,PO4, 24 mM NaHCO3 and 11 mM glucose). The tra-
cheas were dissected and cut into segments of 3-4 rings. The segments
were mounted in isolated organ baths containing 10 mL of Krebs solu-
tion maintained at 37 °C and aerated with a carbogenic gas mixture
(95% 0, and 5% CO,). To achieve a constant level of spontaneous tone,
an initial tension of 1 g was applied. Contractions were measured iso-
metrically with a force-displacement transducer (Ugo Basile, Comerio,
Italy) and were recorded by an isolated organ data acquisition program
(Proto5; Letica Scientific Instruments, Barcelona, Spain).

Calcium-concentration response curve. Tissues were stabilized over a pe-
riod of 60 min; the bath solution was changed every 10 min. At the end
of the equilibration period, the response to carbachol (2.5 mM) was
recorded. After the removal of the carbachol and the restoration of the
tone to a stable baseline, the tissues were exposed to repeated cycles
of stimulation with 60 mM KCl and washing in a calcium-free Krebs
solution until there was complete desensitization of the contractile
response evoked by 60 mM KCl. Then, the tracheal segments were
immersed in Ca?*-free Krebs solution containing 60 mM KCl, and the
concentration of extracellular Ca>* was gradually increased by the cu-
mulative addition of CaCl, (0.01 to 100 mM) in the presence or absence
of 9 mM curine or vehicle. All of the responses were expressed as a per-
centage of the response to 2.5 mM carbachol (Foster et al., 1984).
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Statistical analysis. Data were analyzed by one-way ANOVA followed by
Tukey's test using GraphPad Prism software (GraphPad, San Diego, CA).
The values were expressed as the means + S.E.M. Differences with
p < 0.05 were considered significant.

Results

Curine inhibits eosinophil recruitment and activation in a mouse model of
allergic asthma

An allergic challenge with OVA (5%) in actively sensitized mice in-
duced an intense influx of eosinophils into the BAL that was associated
with the development of airway inflammation (Fig. 1B). To demon-
strate the anti-allergic effects of pre-treatment with curine, the animals
were pre-treated orally with curine (2.5 mg/Kg) or dexamethasone
(2 mg/Kg) 1 h before each OVA challenge. This treatment significantly
reduced both the total number of eosinophils in the BAL (Fig. 1B) and
the numbers of cytoplasmic lipid bodies within those cells (Fig. 1C)
compared with the untreated OVA-challenged group. In this model,
curine had a dose-dependent effect, with a median effective dose
(EDsg) of 0.8 mg/Kg (Fig. 1D).

Curine decreases AHR in a mouse model of allergic asthma

Airway hyper-responsiveness is a hallmark of asthma. Fig. 2 shows
that an allergic challenge in actively sensitized BALB/c mice induced a
significant increase in Penh values compared with the unchallenged
group. Daily pre-treatment with curine or dexamethasone (2 mg/Kg)
reduced the allergic reaction-triggered Penh values, indicating that
curine, similarly to dexamethasone, has an inhibitory effect on the de-
velopment of allergic AHR. Of note, when expressing data as % baseline
the results were the same (not shown). Importantly, curine failed to in-
hibit the methacholine response in the non-allergic vehicle group (not
show), demonstrating that curine does not alter the bronchoconstriction
induced by methacholine in the absence of inflammation.

Curine inhibits the production of eotaxin and IL-13 in vivo

Eotaxin and IL-13 play key roles in allergic responses, including the
regulation of eosinophil migration and activation and the development
of AHR (Lloyd et al.,, 2001). As shown in Fig. 3, the BAL fluid of actively
sensitized OVA-challenged mice contained increased concentrations of
these cytokines when compared with unstimulated mice. As shown in
Figs. 3A and B, curine and dexamethasone pre-treatments both de-
creased the eotaxin (Fig. 3A) and IL-13 (Fig. 3B) BAL concentrations
observed in the untreated OVA-challenged group, revealing a part of
the mechanism by which curine inhibits eosinophil recruitment and
activation and AHR.

Effects of curine on the calcium-induced tracheal contractile response

Previous studies have shown that curine has an inhibitory effect
on calcium influx in different cell types (Dias et al., 2002; Medeiros
et al,, 2011). Therefore, we investigated the involvement of calcium-
dependent mechanisms on the anti-allergic effects of curine. In the ex-
periments with trachea ring preparations maintained in Ca® *-free me-
dium and depolarized with 60 mM KCl, the cumulative addition of Ca%™
(0.01 to 100 mM) produced a concentration-dependent contraction
that was inhibited by up to 50% by pre-treatment with 9 uM curine
(Fig. 4). This observation suggests that curine inhibits the influx of
calcium by blocking the voltage-dependent Ca?* channels in rat
tracheal smooth muscle and is consistent with previously published
data (Medeiros et al., 2011).
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Fig. 2. The effect of curine on airway hyper-responsiveness (AHR). OVA-sensitized
BALB/c mice (n = 7-8) were treated orally with curine (2.5 mg/Kg), or dexamethasone
(2 mg/Kg) 1 h before each challenge. AHR was analyzed by aerosolization with PBS
followed by increasing concentrations of methacholine, 24 h after the last allergic
challenge. The AHR is expressed as the rate of enhanced pause (Penh). These results are
expressed as the mean 4= SEM. + Significantly different (p < 0.05) from the unchallenged
group; * significantly different from the OVA-challenged and untreated group.

Comparison between the anti-allergic effects of curine and verapamil

In recent work, Khakzad et al. (2012) demonstrated the anti-
inflammatory activity of verapamil, a calcium channel antagonist,
using a model of allergic asthma. To confirm the role of calcium influx
inhibition as an anti-allergic mechanism, we compared the effect of
verapamil to that of curine on AHR and eosinophil recruitment, two im-
portant features of asthma. When administered under the same condi-
tions (dose, time and pathway), verapamil and curine showed similar
anti-allergic effects (Fig. 5), suggesting that the anti-allergic effects of
curine may be due, at least in part, to the inhibition of calcium influx.

Curine post-treatment inhibits eosinophil recruitment and activation in
OVA-challenged mice

To investigate the therapeutic effects of curine on ongoing airway
inflammation, we administered a single dose of curine 1 h after the
last allergic challenge (post-treatment). Balb/c mice post-treated with
curine had a reduced number of eosinophils (Fig. 6A) and similarly re-
duced numbers of eosinophil lipid bodies (Fig. 6B) in the BAL compared
with mice in the untreated group. Even when the treatment was given
after the development of inflammation, curine inhibited eosinophil
recruitment and activation; such findings demonstrate the therapeutic
effectiveness and the clinical relevance of curine.

Curine fails to induce toxic effects in orally treated mice

Outbred Swiss mice treated orally with curine daily for seven days
were evaluated for toxicological parameters. Outbred mouse stocks
were used for the toxicological evaluation because of their genetic het-
erogeneity and their common use in toxicological studies (Faqi, 2012).
We found that curine treatment did not induce significant alterations in
biochemical (Table 1), hematological (Supplement Table S1) or physical
and behavioral parameters and in gastric ulcer formation (Supplement
Table S2) compared with saline treatment, even at a dose of 8 mg/Kg
(a dose 10 times higher than the EDs). These data indicate that curine
is able to inhibit allergic inflammation at doses at which it does not in-
duce significant toxicity. On the other hand, dexamethasone treatment
induced an increase in the concentrations of total proteins, cholesterol
and ALT compared with saline treatment, reflecting the side effects
broadly described in the literature. Of note, no alterations in physical
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Fig. 3. The effect of curine on eotaxin and IL-13 production. BALB/c mice (n = 5-6) primed with OVA were treated orally with curine (2.5 mg/Kg), or dexamethasone (2 mg/Kg) 1 h before
each challenge. Twenty-four hours after the last challenge, the lungs were collected and homogenized. The production of eotaxin (A) was analyzed using an EIA protocol, and the produc-
tion of IL-13 (B) was analyzed by ELISA. These results are expressed as the mean 4 SEM from at least 6 animals. + Significantly different (p < 0.05) from the unchallenged group; * sig-

nificantly different from the OVA-challenged and untreated group.

and behavioral parameters or leukocyte counts were observed in the
Balb/c mice treated with curine at 2.5 mg/kg (not shown).

Discussion

Allergic diseases, including asthma, have multifactorial etiologies,
and their prevalence, morbidity and mortality have been increasing
around the world (Edwards et al.,, 2009). Asthma is usually treated
with a combination of anti-inflammatory and bronchodilator drugs.
Inhaled corticosteroids are currently the most important drugs used to
control airway inflammation. Because of their potent inhibitory effects
on cell activation, cytokine and lipid mediator production and adhesion
molecule and inflammatory receptor expression, they are simulta-
neously able to block several essential steps of the inflammatory
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Fig. 4. The effects of curine on the calcium-induced tracheal contractile response.
A contractile response was triggered after the cumulative application of calcium in
tracheal segments maintained in Krebs solution rich in K* (60 mM) and free of calcium.
Pre-treatment with curine (9 uM) led to a decrease in tension after the addition of
calcium. Each point represents the mean 4 S.E.M. from at least six segments. The
magnitude of the voltage induced contraction of trachea calcium preparations was
expressed as a percentage of the contractile response evoked by 2.5 mM carbachol.
* Significantly different from the vehicle.
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cascade (Barnes, 2006, 2011; Barnes and Adcock, 2009; Rhen and
Cidlowski, 2005). However, corticosteroid therapy induces important
side effects (Schacke et al., 2004), and some patients are completely cor-
ticoid resistant or fail to show clinical improvement after treatment
with high doses of oral glucocorticoids (Barnes et al., 1995). This situa-
tion can limit the use of corticosteroids and impairs the patients' life
quality. Some reports suggest that the ineffectiveness of corticosteroids
in some severe forms of asthma is due to their failure to decrease the
level of TH1 cytokines, such as tumor-necrosis factor (TNF) (Truyen
et al,, 2006). Classic bronchodilator drugs including 3,-adrenergic ago-
nists and phosphodiesterase inhibitors have long been used to control
the shortness of breath that is characteristic of asthmatic attacks; how-
ever, these drugs are also not free from side effects (Boswell-Smith et al.,
2006). Currently, leukotriene antagonists have been employed suc-
cessfully in asthma therapy. Nevertheless, they are not effective as
a monotherapy and are therefore mainly used as a supplementary
therapy to inhaled corticosteroids (Polosa, 2007). Mast cell inhibitors,
monoclonal antibodies, 5-lipoxygenase inhibitors and allergen-specific
immunotherapy have also found a place in asthma therapy (Edwards
and Howell, 2000; Holgate and Polosa, 2008). However, novel, safe
and effective drugs are needed for the treatment of asthma, and the
assessment of new compounds with potentially unique mechanisms
of action remains an important area of research.

In this work, we have for the first time demonstrated the anti-
allergic properties and toxicological characterization of curine, an orally
active bisbenzylisoquinoline alkaloid. To investigate the anti-allergic
properties of curine, we used a well-established mouse model of asthma
induced by allergic sensitization and challenge with OVA. Eosinophilic
infiltration into the airways is a hallmark of this model; allergic chal-
lenge induces eosinophil maturation and differentiation from precur-
sors in the bone marrow and their migration to sites of inflammation
in response to mediators such as eotaxin and IL-5 (Gleich, 2000). There-
fore, we performed a dose-response experiment with oral treatment
with curine, and we observed that such treatment dose-dependently
inhibited the number of eosinophils in the BAL, supporting the inhib-
itory role that curine plays in eosinophil recruitment.

To further understand the additional effects of curine, we analyzed
the formation of lipid bodies in eosinophils. Increased lipid body assem-
bly within eosinophils is closely associated with cellular activation and
LTC,4 production in an allergic response and therefore plays important
roles in inflammatory conditions and may be used as a marker of
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Fig. 5. A comparison between the anti-allergic effects of curine and verapamil. BALB/c mice (n = 6-8) primed with OVA were treated orally with curine (2.5 mg/kg) or verapamil
(2.5 mg/kg) 1 h before each OVA challenge. A) AHR was analyzed by aerosolization with PBS followed by increasing concentrations of methacholine 24 h after the last allergic challenge.
The AHR was expressed as the rate of enhanced pause (Penh). B) The eosinophils in the BAL were counted using a light microscope. These results are expressed as the mean + SEM. +
Significantly different (p < 0.05) from the unchallenged group; * significantly different from the OVA-challenged and untreated group.

eosinophil activation (Mesquita-Santos et al., 2006; Vieira-de-Abreu
et al., 2005). We demonstrated not only that the animals treated with
curine showed a reduced number of eosinophils in the BA but also
that these eosinophils had fewer cytoplasmic lipid bodies, indicating
that curine plays an inhibitory role on both migration and activation
of these cells. Our group has demonstrated that the inhibition of lipid
bodies is an important parameter that can be used to evaluate the
anti-inflammatory effects of drugs; furthermore, evaluating the inhibi-
tion of lipid bodies may be useful in understanding the pharmacology
and therapeutic efficacy of new interventions in numerous conditions
such as asthma, allergies, cancer, atherosclerosis, diabetes and other dis-
eases in which the formation of lipid bodies is a negative clinical param-
eter (Bozza et al., 2009). We observed that treatment with curine as well
as dexamethasone significantly reduced the production of eotaxin in
the model we used. It has been shown that eotaxin plays a key role in
eosinophil migration and activation (Vieira-de-Abreu et al., 2005),
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which supports the effects of curine described herein. AHR is a particu-
lar feature of asthma, resulting from complex interactions between
inflammatory and airway smooth muscle (ASM) cells, leading to recur-
rent episodes of shortness of breath, wheezing and coughing (Lauzon
et al., 2012). Here, we showed that curine has an important inhibitory
activity on AHR, decreasing the observed Penh values to levels similar
to those observed in the animals treated with dexamethasone. To eluci-
date the mechanisms involved in the anti-allergic effects of curine, we
analyzed the production of key mediators of allergic responses, such
as IL-13. Previous studies have demonstrated that blocking IL-13 in
mice prevents the development of AHR (Wills-Karp et al., 1998).
Furthermore, Kuperman et al. (2005, 2002) demonstrated that the
overexpression of IL-13 in mice was sufficient to cause AHR, possibly
through a direct effect on the airway epithelium. Importantly, IL-13 is
also involved in the modulation of various pathophysiological aspects of
asthma, such as class switching to IgE, mucus production, inflammation,
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Fig. 6. The effect of post-treatment curine on eosinophil recruitment and activation. OVA-sensitized BALB/c mice (n = 5-6) received a single dose of curine (2.5 mg/Kg) 1 h after the last
allergic challenge. Dexamethasone (2 mg/Kg) was administered 1 h before each challenge with OVA. The BAL was collected 24 h after the last challenge. The eosinophils (A) and lipid
bodies (B) were counted using a light microscope. These results are expressed as the mean + SEM. + Significantly different (p < 0.05) from the unchallenged group; * significantly

different from the OVA-challenged and untreated group.
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Table 1
The biochemical analyses of serum from male Swiss mice treated with curine (2.5 or 8 mg/kg) or dexamethasone (2 mg/kg) for 7 days.
Parameter (unit) Vehicle Curine (2.5 mg/kg) Curine (8 mg/kg) Dexamethasone

(2 mg/kg)

Alkaline Phosphatase 22240 + 22.70

212.20 £+ 32.80

218.90 + 1945 284.20 + 38.13

ALT 79.50 + 1537 62.80 + 4.25 82.67 £ 1237 101.30 +£13.37
AST 98.83 + 1591 94.10 + 8.76 11210 + 11.17 175.10 + 25.44"
Bilirubin 0.64 + 0.03 0.67 + 0.04 0.81 + 0.04 1.15 + 0.09"
Creatinine 0.20 £+ 0.00 0.22 £+ 0.01 022 + 0.02 0.20 £+ 0.00
Creatinine Kinase 289.00 + 90.75 261.60 + 60.55 267.40 + 41.97 227.90 + 26.16
Cholesterol 62.29 + 2.50 65.67 + 3.90 63.60 + 4.52 106.60 + 10.30"
Glucose 264.00 £+ 25.26 249.60 + 18.47 297.50 + 15.29 292.80 £+ 7241
Total Proteins 5.29 + 0.09 542 + 0.08 5.54 + 0.10 727 + 017"
Uric acid 3.73 £ 047 3.90 + 0.54 5.03 + 042 2.90 + 0.79

These values are expressed as the mean 4 S.E.M. AST = aspartate transaminase. ALT = alanine transaminase.

* Significantly different from the vehicle group (p < 0.05).

airway remodeling and the contraction of ASM through an interaction
with specific receptors on the cell surface (Bloemen et al., 2007).

Allergic mechanisms involve signaling and the activation of many cell
types, including leukocytes and epithelial and airway muscle cells
(Paul and Zhu, 2010). Eosinophilic inflammation and AHR are important
features of asthma, and both processes require calcium-dependent
mechanisms. Accordingly, recent work has demonstrated that verapa-
mil, a calcium channel antagonist, significantly inhibited goblet cell hy-
perplasia, mucus hypersecretion and inflammation in a model of allergic
asthma (Khakzad et al., 2012). Medeiros et al. (2011) demonstrated that
curine might have a direct effect on L-type Ca%™ channels in vascular
smooth muscle cells. In this work, we investigated the involvement of
calcium-dependent mechanisms on the anti-allergic effects of curine.
We demonstrated that curine pre-treatment significantly inhibited a
calcium-induced trachea contractile response ex vivo, suggesting that
curine inhibits the influx of calcium by blocking voltage-dependent
Ca®™ channels in rat tracheal smooth muscle. Interestingly, in non-
allergic mice, curine did not alter the bronchoconstriction induced by
methacholine (in vivo), which is mediated by calcium release from in-
tracellular stores (Foster et al., 1984). These data support our hypothesis
that curine inhibits calcium channels in the cell membrane. Additionally,
in vivo treatments with curine or verapamil (an L-type calcium-channel
antagonist) using the same dose, time and method of administration
had similar effects on AHR and eosinophilic inflammation, suggesting
that the anti-allergic effects of curine may be, at least in part, dependent
on the inhibition of calcium influx. Indeed, calcium-dependent signaling
plays key roles both in asthma-related cytokine production and in their
function. Antigen-triggered cytokine and chemokine expression is
largely dependent on the activation of NFAT, a transcription factor that
requires Ca®>™ for its activation (Macian, 2005). Rothenberg et al.
(1996) demonstrated that eotaxin signaling through its receptor,
CCR3, effectively induced a calcium influx into eosinophils in vitro. Addi-
tionally, Moynihan et al. (2008) demonstrated that IL-13 modulated
AHR by inducing SOCS expression and a calcium influx into human
airway smooth muscle cells.

Finally, we investigated the possible toxicity of curine by oral treat-
ment because this parameter has not previously been addressed exper-
imentally. To that end, Swiss mice were treated daily for seven days
with curine at doses of 2.5 and 8 mg/Kg. The dose of 2.5 mg/Kg was cho-
sen because it had a significant anti-allergic effect throughout the ex-
periments and the dose of 8 mg/Kg is 10 fold higher than the EDsp.
We also included a group treated with dexamethasone (2 mg/Kg, p.o.)
here as we did for other experiments. All of the treatments were com-
pared with the oral treatment with PBS with HCl and NaOH added
(pH 7), which was used as a vehicle for the dilution of the curine. The
toxicological evaluation showed that the treatment with curine induced
no changes in the hematologic or biochemical parameters. Additionally,
the treatment did not induce the formation of gastric ulcers, and there
were no physical or behavioral changes, indicating that under these
conditions, curine showed no evident toxicity.
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Aiming to provide additional therapeutic information concerning
the anti-allergic properties of curine, we have demonstrated that curine
post-treatment was effective in the inhibition of eosinophil recruitment
and activation; this observation highlights the potential of curine as an
anti-allergic compound, as post-treatment more accurately replicates
what happens in clinical situations.

In conclusion, orally administered curine showed potent anti-
allergic activity without inducing evident toxicity and, as such, has the
potential for the development of anti-asthmatic drugs.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.taap.2013.08.015.
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Table S1. Haematological analyses of serum of swiss male mice treated with

curine (2.5 or 8 mg/kg) or dexamethasone (2 mg/kg) for 7 days

Parameter Vehicle Curine Curine Dexamethasone
(unit) (2.5 mg/kg) (8 mg/kg) (2 mg/kg)
Hematocrit
58.01 £ 0.94 55.13+1.90 56.79 + 0.95 6291 +1.22
(%)
Hemoglobin
16.10 + 0.30 15.89 + 0.60 16.27 + 0.31 17.60 + 0.34
(g/dL)
Leukocytes
9.42 + 0.59 10.02 + 1.28 9.83+1.36 6.42 + 0.82"
(103/mm3)
MCHC
27.74 £ 0.19 28.80 £ 0.23 28.64 + 0.17 25,99 +1.94
(g/dL)
MCH
15.83 +0.13 15.72 £ 0.16 19.06 + 3.81 14.63+ 1.06
(pg)
MCV
57.13 = 0.66 54.62 + 0.69 53.77 = 0.76 55.86 + 0.47
(fm3)
Platelets
1216.00 +98.34 1296.00+87.36 1350+168.50 1110.00+ 128.60
(103/mm3)
RBC
10.17 £ 0.23 10.12 + 0.39 10.67 = 0.18 11.17 + 0.27
(106/mm?3)

Values are expressed as mean * S.E.M.. * significantly different from vehicle group

(p < 0.05). MCHC= Mean corpuscular hemoglobin concentration; RBC= red blood

cells; MCV= mean corpuscular volume, MCH=mean corpuscular hemoglobin,
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Table S2. Macroscopical analyses of swiss male mice treated with curine (2.5 or

8 mg/kg) or dexamethasone (2 mg/kg) for 7 days.

Parameter (unit) Vehicle Curine Curine Dexamethasone
(2.5 mg/kg) (8 mg/kg) (2 mg/kg)

Stomach ulcers (n°)  0.00 £ 0.00 0.00£0.00 0.40+0.40 0.00 £ 0.00
Weight increase (g) 0.50 £ 0.89 1.00+£0.75 190+0.40 -0.33 £ 0.58

Behavior Normal Normal Normal Normal
Feces Normal Normal Normal Normal
Skin changes None None None None

Organs1 aspects Normal Normal Normal Normal

Values are expressed as mean + S.E.M. * significantly different from vehicle group

(p <0.05) . 1- Liver, spleen, thymus, lung, intestine and kidneys.
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3.2. Artigo 11

THE ANTI-INFLAMMATORY AND ANALGESIC EFFECTS OF CURINE, A
BISBENZYLISOQUINOLINE ALKALOID ISOLATED FROM Chondrodendron
platyphyllum (MENISPERMACEAE). Leite, F. C.; Ribeiro-Filho, J.; Costa, H. F.; Salgado,
P. R. R.; Calheiros, A. S.; Carneiro, A. B.; Almeida, R. N.; Dias, C. S.; Bozza, P. T.;
Piuvezam, M. R., 2013. Journal of Natural Products. Submetido.

Como no trabalho anterior nés demonstramos que a curina possui uma atividade
antialérgica significante, inclusive no que diz respeito a migracédo e ativacdo de leucdcitos, e
os dados etnofarmacoldgicos indicam que a planta C. platyphyllum é popularmente utilizada
para tratar sintomas inflamatdrios, neste segundo artigo nds investigamos os efeitos anti-
inflamatdrios e analgésicos da curina em camundongos. A curina inibiu significativamente a
formacdo de edema da pata por diminuir a permeabilidade vascular, inibiu a resposta de
contor¢do abdominal induzida por acido acético, inibiu o comportamento de lambida de pata
durante a fase inflamatdria, mas ndo durante a fase neurogénica do teste de formalina, e inibiu
a hiperalgesia induzida por carragenina. Em adi¢do, a curina inibiu a producdo de PGE,, in
vitro, sem afetar a expressdo de COX-2 em macréfagos estimulados com LPS. Os efeitos do
tratamento com a curina foram semelhantes aos efeitos da indometacina , mas diferentes dos
efeitos do tratamento com morfina , sugerindo que o efeito analgésico da curina ndo resulta da
inibicdo direta da ativacdo neuronal, mas em vez disso depende de mecanismos

antiinflamatdrias que, pelo menos em parte, resultam da inibigdo da producédo de PGE; .
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ABSTRACT

Curine (1) is a bisbenzylisoquinoline alkaloid that is isolated from Chondrodendron
platyphyllum (Menispermaceae), a plant that is used to treat malaria, inflammation and
pain. Recent reports have demonstrated the anti-allergic effects of curine at non-toxic
doses. However, the anti-inflammatory and analgesic properties remain to be elucidated.
This study investigated the anti-inflammatory and analgesic effects of curine in mice.
We analyzed the effects of an oral treatment with curine in the formation of paw edema,
vascular permeability, abdominal contortion, licking behavior and hyperalgesia using
different inflammatory stimuli. Curine significantly inhibited the formation of paw
edema by decreasing vascular permeability, inhibited the acetic acid-induced writhing
response, inhibited the licking behavior during inflammation but not during the
neurogenic phase of the formalin test, and inhibited carrageenan-induced hyperalgesia.
Finally, curine inhibited PGE,production in vitro without affecting COX-2 expression.
The effects of curine treatment were similar to the effects of indomethacin but were
different from the effects of morphine treatment, suggesting that the analgesic effects of
curine do not result from the direct inhibition of neuronal activation but instead depend
on anti-inflammatory mechanisms that, at least in part, result from the inhibition of
PGE; production. In conclusion, curine presents anti-inflammatory and analgesic effects

at non-toxic doses and has the potential for use in anti-inflammatory drug development.
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INTRODUCTION

Chondrodendron platyphyllum A. St. Hil (Miers) (Menispermaceae) is a
medicinal plant found in northeastBrazil. This plant is popularly known as "abltua”,
"abutua grande™ and "uva do mato" and has been used in folk medicine to treat a great
variety of conditions, including malaria, fever, pain, edema, urethritis, cystitis, ulcers
and menstrual disorder (Correa, 1984; Gotfredsen, 2013). According to Silva (2006),C.
platyphyllum has been used in conjunction with Zanthoxylum articulatum A. St. Hil. to
composethe herbal medicine Uva do mato®, which is used to treat abdominal kidney
and muscle cramps, and muscle pain. The phytochemical analysis of the C.
platyphyllum root revealed that C. platyphyllum is rich in bisbenzylisoquinoline
alkaloids, a group of natural compounds with interesting pharmacological properties,
such as anti-inflammatory, anti-allergic and analgesic properties (Souto, 2011). At
least three alkaloids, including curine, isocurine and 12-O-metilcurine have been
identified from this plant, and curine is the major constituent (Dias et al., 2002).

Previous studies have shown that the alkaloids extracted from Chondrodendron
platyphyllum are pharmacologically active (Guedeset al., 2002). Dias and collaborators
(2002) have demonstrated that curine and isocurine have a vasodilator effect and have
suggested that the effects of curine were associated with the inhibition of calcium
channels. Medeiros and collaborators (2011) demonstrated that curine decreased
intracellular Ca®* transients in A7r5 cells, possibly through a direct blockade of L-type
Ca®* channels. Recently, we demonstrated the anti-allergic effects of an oral treatment
with curine using a mouse model of allergic asthma. The oral administration of curine
significantly inhibited eosinophilic inflammation, eosinophil lipid body formation,
cytokine production and airway hyper-responsiveness (AHR) in vivo. Verapamil, a
calcium channel antagonist, had similar anti-allergic properties, and curine pre-
treatment inhibited the calcium-induced tracheal contractile response ex-vivo,
suggesting that the mechanism by which curine exerts effects is through the inhibition
of a calcium-dependent response. Importantly, oral treatment with curine for 7
consecutive days in doses up to 10-fold higher than the median effective dose (EDsp)
did not induce changes in the hematologic or biochemical parameters. Additionally, the
treatment did not induce the formation of gastric ulcers, and no physical or behavioral
changes were observed, indicating that curine is not toxic under these conditions
(Ribeiro-Filho et al., 2013).
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Despite the popular use of C. platyphyllum as an anti-inflammatory and
analgesic plant and the interesting anti-allergic effect and low toxicity of curine, the
scientific evidence of the analgesic effect of this compound remains to be provided.
Such findings justify the characterization of the pharmacological properties of curine
using other models of inflammation and nociception. In addition, the currently available
inflammatory drugs frequently cause significant side effects that limit the long-term
therapy (Bjarnasonet al., 1993; Allen, 2006) and are not effective under specific
conditions (Barneset al., 1995).Therefore, novel, safe and effective anti-inflammatory
drugs are needed. Considering the popular use and the pharmacological activity of
curine in the absence of toxicity, the present work aims to investigate the anti-

inflammatory and analgesic effects of curine on mice.

RESULTS

Curine inhibits edema formation by decreasing vascular permeability in mice

We used two different inflammatory agents to evaluate the role of curine on
edema formation. As shown in Figure 1A, carrageenan injections significantly induced
the formation of paw edema, which was significantly inhibited by the pre-treatments
with curine or indomethacin. Similarly, zymosan injections induced the expressive
formation of paw edema, which was significantly inhibited by both treatments (Figure
1B), demonstrating the inhibitory effect of curine on edema formation that is triggered
by inflammatory agonists. To further examine the inhibitory effect of curine on edema

formation, we analyzed the effects of curine in the vascular permeability induced by
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acetic acid, because this has been demonstrated to be a standard protocol (Whittle,
1964). The intraperitoneal injection of acetic acid induced significantly moreplasma
extravasations thanthe vehiclein the control group, attested by the optical density of the
Evans blue dye (Figure 2). Curine and indomethacin significantly and similarly
decreased the vascular permeability compared to the non-treated animals, suggesting
that the role that curine plays in edema formation is associated with the inhibition of the
vascular permeability.

Curine inhibits acetic acid-induced writhing response

Because we demonstrated the inhibitory effect that curine plays on edema
formation, we attempted to characterize the effects of curine on inflammatory pain. We
analyzed the effect of curine in the writhing response induced by acetic acid. We used
indomethacin, an NSAID, and morphine, a central acting analgesic drug, as standard
pharmacological controls. As shown in Figure 3, the writhing response was significantly
inhibited by all of the treatments compared to non-treated group. Interestingly, curine
and indomethacin presented similar but only partially inhibitory effects, whereas the
writhing response was completely inhibited by morphine, suggesting that curine
presents an analgesic effect that is associated with anti-inflammatory mechanisms.

Curine inhibits the inflammatory phase of the formalin test

We used the formalin test to characterize the analgesic effect of curine in
nociception mediated by neurogenic or inflammatory mechanisms. Formalin injections
induce a biphasic response. The first phase is triggered in the first 5 min after the
stimulus, causing direct neural activation and pain. The second phase occurs between 15
- 30 min after the stimulus and is triggered by the action of mediators released in the
inflammatory reaction. Inhibitory mechanisms suppress pain between these phases
(Hunskaar & Hole, 1987). Mice treated with curine or indomethacin presented no
difference in the licking time in the neurogenic phase compared to non-treated mice
(Figure 4A), whereas the licking behavior was significant inhibited by morphine.
However, the second phase was significantly inhibited by curine, indomethacin and

morphine (Figure 4B), indicating that the analgesic effect of curine is dependent on anti-
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inflammatory mechanisms and is not a result of a direct inhibition of neuronal

activation.

The effect of curine on carrageenan-induced hyperalgesia

Hyperalgesia is characterized by an enhanced response to noxious stimuli and is
a hallmark of inflammatory pain (Sammons et al., 2000). Because we demonstrated that
curine inhibits the inflammatory phase of the formalin test, we used the hot plate test to
confirm the inhibitory effect of curine in the inflammatory pain triggered by
carrageenan. Figure 5 shows that the challenge with carrageenan significantly decreased
the heat withdrawal latency compared to the challenge with PBS in non-treated animals.
However, there were no significant differences between the carrageenan challenge and
the PBS challenge in animals treated with curine or indomethacin, supporting the potent

analgesic role of curine in inflammatory conditions.

Curine inhibits PGE; production in vitro

Based in the significant inhibitory effect of curine in hyperalgesia and the
similarity between the curine and indomethacin effects in our experiments, we
hypothesized that curine mechanisms might involve inhibition of the production of
PGE,, a key mediator of hyperalgesia in inflammatory conditions (Kidd and Urban,
2001). Therefore, we investigated the effect of curine on PGE; production in vitro using
peritoneal macrophages stimulated with lipopolysaccharide (LPS). Figure 6A shows
that the LPS stimulated cells presented a consistent increase in COX-2 expression that
was not affected by curine pre-treatments. However, the supernatants from curine
treated cells presented lower concentrations of PGE, compared to the supernatant of the
non-treated cells (Figure 6B), indicating that in this model, curine inhibits PGE,
production without affecting the expression of COX-2. These findings suggest that the
anti-inflammatory and analgesic effects of curine are, at least in part, dependent on

PGE; production inhibition.
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DISCUSSION

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most widely
used drugs for the treatment of fever, pain and moderate inflammation. These drugs
constitute aheterogeneous group of substances that inhibit the enzyme cyclooxygenase
(COX) (Howe, 2007). Although NSAIDs present a similar mechanism of action, these
drugs differ in many aspects, including pharmacologic potency, safety and selectivity
(Patrono & Rocca, 2009). Classical NSAIDs, such as aspirin, indomethacin and
diclofenac, inhibit both the constitutive enzyme COX-1 and the isoform COX-2, which
is induced in peripheral tissues by many inflammatory stimuli. The anti-inflammatory
properties of NSAIDs are primarily attributed to the inhibition of the prostaglandins
(PGs) synthesis, which are important mediators of inflammation and pain. PGE_plays a
key role in edema formation, by increasing vascular permeability, and hyperalgesia, by
decreasing the threshold of activation of nociceptive neurons (Kidd and Urban, 2001).
However, classical NSAIDs also have gastro-intestinal (GI) side effects. Selective
COX-2 inhibitors (coxibs) have been developed to present low Gl effects; however,
these drugs presented serious cardiovascular events (Inotai et al., 2010). Recently, nitric
oxide - donating NSAIDs, such as nitro-aspirin, have been developed based in evidence
that nitric oxide plays an important role in regulating blood flow and vascular functions,
preventing Gl and cardiac damage (Whittle, 2003). Despite the currently available array
of medications, the development of novel, safe and effective drugs for the treatment of
inflammatory conditions remains an important area of research.

In this study, we have demonstrated for the first time the anti-inflammatory and
analgesic properties of curine, an active bisbenzylisoguinoline alkaloid isolated from
Chondrodendron platyphylum (Menispermaceae).We demonstrated that oral pre-
treatment with curine significantly inhibits mouse paw edema induced by carrageenan
and zymosan, and acetic acid induced vascular permeability, indicating that curine plays
an inhibitory role in edema formation that is associated with a decrease in vascular
permeability. The administration of carrageenan, zymosan and acetic acid is known to
trigger a local inflammatory reaction with the release of inflammatory mediators that
induce vascular changes that cause plasma extravasations and edema formation
(Campos & Calixto, 2000). Here, we suggest that curine inhibitsedema formation by
modulating the inflammatory reaction. Previous studies have reported that curine is able

to reduce leukocyte activationby decreasing the production of inflammatory cytokines

40


Jaime
Texto digitado
40


in other models of inflammation (Ribeiro-Filho et al., 2013). Accordingly, the anti-
inflammatory properties of other BBA has been previously described (Ivanovska et al.;
1996; Kondo et al., 1992; Luo et al., 1998; Kupeliet al.,2002; Wong et al., 1991), and
our group has demonstrated the anti-allergic and anti-inflammatory properties of
warifteine, a BBA isolated from Cissampelos sympodialis (Menispermaceae) (Bezerra-
Santos et al., 2006, 2012; Costa et al., 2008).

Importantly, pre-treatment with curine inhibited both the writhing response
induced by acetic acid and the licking behavior in the inflammatory phase of the
formalin test, demonstrating the analgesic properties of curine. However, curine did not
inhibit the neurogenic phase of the formalin test, indicating that the analgesic effect of
curine is associated with anti-inflammatory mechanisms and is not a result of the direct
inhibition of neuronal activation. Accordingly, our experiments have shown that curine
presents phenotypic outcomes similar to those observed for indomethacin, a NSAID,
but different from morphine, a central acting analgesic drug. In addition, curine
significantly inhibited the hyperalgesic response triggered by carrageenan, which is
highly dependent on anti-inflammatory mechanisms (Tjglsenet al., 1992). Furthermore,
several reports have indicated that hyperalgesia is essentially dependent on the action of
PGE; (Hunskaar & Hole, 1987). Thus, considering that PGE; is importantly involved in
the development of the inflammatory and nociceptive responses that were evaluated in
the present study and that curine and indomethacin (which the analgesic effect is highly
dependent on the inhibition of PGEproduction) presented similar analgesic effects, we
demonstrated that curine inhibited PGE,production without affecting COX-2expression,
suggesting that curine inhibits other enzymes in the arachidonic acid metabolism
cascade upstream of PGE, synthesis. Our data demonstrate that curine has anti-
inflammatory and analgesic effects that are at least partially dependent on the inhibition
of PGE; production. In activated macrophages, phospholipase A, (PLA;) promotes the
release of the arachidonic acid from membrane phospholipids, which is associated with
the induction of COX-2 expression and leads to increased PGE; production (Tabas &
Glass, 2013; Williams & Galli, 2000). NSAIDs primarily inhibit PGE, synthesis by
blocking the COX-2 activity without affecting the expression of this enzyme (Vane &
Botting, 1996). The effects of natural products on PGE, production have been
previously described; however, due to the great diversity of structures, different
mechanisms were found, including the inhibition of COX-2 expression (Bae et al.,
2012; Kim et al., 2012; Yun et al., 2009), the inhibition of COX-2 activity (Dannhardt
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et al., 2000; Estevéo et al., 2012; Yang et al., 2012) and PLA; inhibition (Folmer et al.,
2010).

We have recently reported the anti-allergic effects of curine (Ribeiro-Filho et al.,
2013). We demonstrated that curine oral treatment in vivo significantly inhibits
eosinophilic inflammation, eosinophil lipid body formation, and AHR and cytokine
production (IL-13 and eotaxin). Verapamil, a calcium channel antagonist, has similar
anti-allergic properties, and curine pre-treatment inhibits the calcium-induced tracheal
contractile response ex-vivo, indicating that the anti-allergic effect of curine is
associated with the inhibition of the calcium influx. These results suggest that curine
affects many inflammatory signaling pathways, including those involved in the
production of PGE;, (van Rossum & Petterson, 2009). Importantly, oral treatment with
curine for 7 consecutive days did not change hematologic (such as leukocytes, red blood
cells platelets, hematocrit and hemoglobin), or biochemical (such as alkaline
phosphatase, alanine transaminase, aspartate transaminase, bilirubin, creatinine,
creatinine kinase, cholesterol, glucose, total proteins and uric acid) parameters.
Additionally, curine treatment did not induce the formation of gastric ulcers, and no
physical or behavioral changes were observed, indicating that curine is not toxic when
used in doses up to 10-fold higher than the EDsg under these conditions (Ribeiro-Filho
et al., 2013). These findings have had an important therapeutic impact because curine
has anti-inflammatory effects at non-toxic doses. Furthermore, the currently available
anti-inflammatory drugs, including NSAIDs, frequently alter some of the parameters
evaluated; therefore, curine could be an important alternative for the development of
novel safe and effective drugs.

In conclusion, orally administered curine presents anti-inflammatory and
analgesic effects, scientifically endorsing the popular use of C. platyphyllum and

demonstrating that curine has potential as a new anti-inflammatory drug.

EXPERIMENTAL SECTION

Curine purification
Chondrodendron platyphyllum Hil St. (Miers) was collected in Santa Rita,
Paraiba, Brazil. The voucher specimen was deposited in the Herbarium of Prof. Lauro

Pires Xavier (UFPB - Jodo Pessoa, Brazil), number 3631-P, and was identified by Prof.
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Dr. Maria de Fatima Agra. C. platyphyllum bark was dried and pulverized in a
HARLEY type grinder and was extracted under exhaustive percolation with ethanol 95°
GL for 3-4 days. The extract was concentrated under a vacuum at temperature ranging
from 50°C to 60°C to obtain the crude ethanol extract. This extract was then dissolved in
3% HCI, filtered through Celite (545 FISCHER SCIENTIFIC) and submitted to CHCI;
extraction alternated with NH,OH (pH 8) basification. After washing with water and
MgSQO,,the solvent was evaporated, andthis CHCI; extract became the total tertiary
alkaloid fraction (TTA). The TTA column chromatography followed by TLC
purification yielded the bisbenzylisoquinoline alkaloid curine (0.031%). The structure
was established by spectroscopic data analysis and comparison with the literature data.
NMR 13C and NMR 1H data from these crystals demonstrated that the product was
predominantly curine when compared to the literature data (Manbu et al., 2000). EIMS:
m/z (rel. int.,.%): [M] + 594 (28), 442 (10), 398 (7), 369 (4), 341 (2), 299 (22), 298
(100), 297 (23), 296 (17), 266 (7), 253 (15), 208 (23), 180 (23), 180 (43), 160 (23), 136
(33), 134 (18), 91 (14), 83 (10), 81 (12), 57 (50). HREIMS:m/z594.2733 [M]+;
calculated for C36H38N206.1HNMR(500 MHz, CDCI3):6H6.57 (1H, s, H-5"), 5.87
(1H, H-8"), 6.74 (1H, s, H-5), 6.27 (1H, d,J=2.0 Hz, H-10), 6.83(1H, ddJ=8.4, 2.2 Hz,
H-14),7.06 (1H, dd,J=8.4, 2.2 Hz,H-14"), 6.79 (1H, dd,J=8.0, 2.0 Hz, H-13"), 6.70 (1H,
dd,J=8.0, 2.4 Hz, H-13), 6.54 (1H, dd,J=8.0, 2.0 Hz, H-10),3.92 (1H, d,J=8.5 Hz, H-1"),
3.83 (3H, s, OMe), 3.78 (3 H,5,OMe), 2.42 (3H, s, N-Me), 2.18 (3H, s, N-Me), 3.80
(1H,m, H-1), 3.10 and 3.30 (4H, m, H-3 y H-3’), 2.66 and 2.79(4H, m, H-4, H-4").13C
NMR (400 MHz, CDCI3):6C155.4 (s, C-12"), 148.0 (s, C-6"), 146.7 (s, C-6), 145.9 (s,
C-12), 143.1 (s, C-11), 143.1 (s, C-7'), 137.9 (s, C-8), 137.2 (s, C-7), 132.6 (s, C-9),
132.2 (d, C-10"), 131.7 (s, C-9"), 129.9 (d, C-14"), 128.6 (s, C-4a’), 128.1 (s, C-8a’),
125.7 (d, C-14), 125.4 (s, C-8a), 124.6 (s, C-4a), 121.0 (d, C-10), 117.9 (d, C-8), 115.4
(d, C-13), 114.9 (d, C-13"), 111.9 (d, C-5'), 107.7 (d, C-5), 64.4 (d, C-1"), 59.3 (d, C-1),
56.0 and 55.8 (s, 2xOMe), 46.5 (t, C-3"), 44.2 (t, C-3), 42.5 and 42.4 (g, 2xN-Me), 25.2
(t, C-4"), 23.2 (t, C-4). The curine solution was prepared using 1 mg of the crystal in 50
puLof 1 N HCI and 500 pL of distilled water. The pH was adjusted to 7-8 with 1 N
NaOH. The volume was brought to 1000 pnL with phosphate buffered saline (PBS).
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Animals

Male or female Swiss mice and male C57BI/6 mice weighing 25- 30 g were
obtained from the Federal University of Paraiba and the Oswaldo Cruz Foundation
breeding units, respectively. The animals were maintained with food and water ad
libitum in a room with the temperature ranging from 22°C to 24°C and a 12 h light/dark
cycle. This study was carried out in accordance with the recommendations of the
Brazilian National Council of Control of Animal Experimentation (CONCEA). The
protocols were approved by the Animal Welfare Committee of the Oswaldo Cruz
Foundation (CEUA/FIOCRUZ protocol # L-033/09) and the Ethical Committee for
Experimental Animals (CEPA N° 0504/08, UFPB). Groups of 5 to 10 animals were

used in each experiment.

Treatments

For the in vivo experiments, the animals were orally (p.0.) pre-treated with
curine (2.5 mg/ kg). Indomethacin (10 mg/kg, po), an NSAID, and morphine (10 mg/kg,
po), a central acting analgesic drug, were used as standard pharmacological controls.
PBS (po) was used as negative control. All treatments were performed 1 h before each
challenge. For the in vitro experiments, cells were treated with curine (1 or 10 uM), 1 h
before the stimulus. Non-treated cells received supplemented RPMI medium as detailed
below. The dose of curine (2.5 mg/Kg) was chosen based on the results obtained from
the pre-treatment dose-response curve performed by Ribeiro-Filho and colleagues

(2013) in a mouse model of allergic asthma.

Mouse paw edema induction

Acute inflammation of the mouse hind paw was induced as described (Posadas
et al., 2004; Leite et al., 2007). Briefly, 1 h after the pre-treatments, Swiss mice were
subcutaneously (s.c.) injected with 20 pL of carrageenan (500 pg/paw) or zymosan (200
pg/paw) into the plantar region of the left hind paw. As control, PBS (20uL) was
injected into the right hind paw. The paw thickness of each animal was measured before
and after the challenge using a plethysmometer (UgoBasile), and the results were

expressed as the difference in volume between the left and the right paw.
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Acetic acid-induced peritoneal vascular permeability in mice

The peritoneal vascular permeability in mice was adapted from the procedure
described by Whittle (1964). Briefly, 30 min after the pre-treatments, Swiss mice
received an intraperitoneal (i.p.) injection of 1% Evans blue solution (0.1 ml/10 Q)
followed by 0.6% acetic (ip) 30 min later. The animals were sacrificed 50 min late. The
peritoneal cavity was washed with PBS (10 mL), and the peritoneal fluid was collected.
The vascular permeability was expressed as the optical density (O.D.) of Evans blue dye

in an UV/VIS spectrophotometer at 610 nm.

The Acetic Acid-Induced Writhing Response

Abdominal contortions were induced as previously described (Nardi et al.,
2006). Intraperitoneal injections of acetic acid are known to induce abdominal writhing
in mice followed by hind limb twitching, which are indicative actions of nociception
(Koster et al., 1959). One hour after the treatments, the animals received an injection
(i.p.) of 1.0% acetic acid solution (0.1 mL/10 g). After being challenged, the animals
were placed in individual boxes, and the abdominal constrictions were counted
cumulatively over a period of 20 min. Nociception was expressed as the number of

writhings.

The Formalin Test

The formalin test was used to analyze the licking behavior, which is
characteristic of this nociceptive model. This procedure has been described by Hunskaar
& Hole (1987). Briefly, 1 h after pre-treatment, Swiss mice injected with 20 puL of 2.5%
formaldehyde (formalin solution) into the right hind paw. The animals were placed in
individual boxes and observed from 0-5 min (neurogenic phase) and 15-30 min
(inflammatory phase), and the total time spent licking the injected paw (licking time)

was recorded with a chronometer and considered as a parameter of nociception.
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Carrageenan-induced hyperalgesia

Hyperalgesia was analyzed using the hot plate test as previously described
(Sammons et al., 2000). Briefly, mice were injected with 20 pL of carrageenan (25
pg/paw) into one hind pawl h after the pre-treatments. The other hind paw was injected
with an equal volume of PBS and was used as negative control. The animals were
placed on a plate (IITC Life Science Inc., Woodland Hills, CA) at 52°C. The latency
time of each paw was manually recorded with a chronometer for 30 s, and the following
behaviors were considered: 1- jump (i.e., all paws raised from the surface of plate), 2-
licking of a hind paw, 3- shaking of a hind paw, 4- lifting of a hind paw and spreading
of the phalanxes or 5- rapid repeated lifting of the hind paws. Hyperalgesia was defined
as a decrease in the withdrawal latency of the carrageenan-challenged paw compared

with the PBS- challenged paw.
Peritoneal macrophage culture

Peritoneal macrophages from C57BI/6 mice were obtained 4 days after an
injection of 4% thioglycollate by washing the peritoneal cavity with RPMI 1640
medium supplemented with 100 U/mL penicillin and 100 pg/mL streptomycin. The
cells wereadjusted to a concentration of 2 x 10°/mL and were plated in 24-well culture
plates (500 uL) at 37°C in 4% CO, atmosphere overnight. Following the incubation, the
cells were pre-treated with curine (1 or 10uM) and were stimulated with LPS (500
ng/mL) | h later. Notably, 1 uM and 10 uM curine did not affect the cell viability.

COX-2 expression and PGE; production analyses

Twelve hours after LPS stimulus, the supernatants from the cell cultures
described above were collected, and the PGE, production was analyzed using
DuoSet Kits, according to manufacturer's instructions (R&D Systems).Then, COX-2
expression was analyzed by Western blotting as follows. Briefly, the cells were
washed with PBS buffer and homogenized with 10 mM Tris-HCI buffer (pH 7.4),
150 mM NacCl, 0.5% Triton X-100, 10% glycerol (v/v), 0.1 mM EDTA, 1 mMDTT
and a cocktail of protease inhibitors (Roche, Germany). The proteins from the cell

homogenates were separated by polyacrylamide gels in the presence of 10% SDS at a
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constant current of 16 mA. Full range rainbow (RPN8OOE, GE Healthcare Life
Sciences, Piscataway, NJ) was used as a relative molecular mass standard. After gel
separation, the samples were transferred at 200 mA for 120 min onto a nitrocellulose
membrane using 25 mM Tris—HCI, pH 8.3 and 192 mM glycine at 4°C. The
membranes were blocked with TBS-0.tTween 20 and 5% milk for 1 h, incubated
with a polyclonal antibody (1:1000) raised against COX-2 (sc-1745, Santa Cruz
Biotechnology, CA)for 18 h, incubated in a secondary antibody (anti-goat 1gG-HRP,
Santa Cruz Biotechnology, CA) for 1 h and developed using the Super Signal West

Picochemiluminescent Substrate (Thermo Fisher Scientific, Rockford, IL).
Statistical analyses

A one-way ANOVA and a Dunnett test, as post-test, were used to determine the
statistical significance in comparison to the control. Data are expressed as the mean +
standard error of the mean (SEM) of at least four independent experiments performed in
duplicate or triplicate, as described above. P values of 0.05 or less were considered to be
statistically significant. Statistical analyses were made using GraphPad Prism 5
Software (San Diego, CA, USA).
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LEGENDS

Figure 1.0 The effect of curine on mouse paw edema. Swiss mice were orally pre-
treated with curine (2.5 mg/Kg) or indomethacin (10 mg/Kg). After 1 h, the animals
were injected (s.c.) with 20 uL of carrageenan (500 pg/paw) or zymosan (200 pg/paw)
solutions into the left hind paw, and 20 pL of PBS was injected into the right hind paw.
The results are expressed as difference of volume between the left and the right paw. A)
Carrageenan or B) zymosan-induced mouse paw edema. The results are expressed as
the mean £ SEM from at least 6 animals. * Significantly different (p< 0.05) from non-

treated group.

Figure 2.0 The effect of curine on acetic acid-induced vascular permeability.Swiss
mice pre-treated (30 min before) with curine (2.5 mg/Kg) or indomethacin (10
mg/Kg)received an injection (ip) of 1% Evans blue solution (0.1 ml/10 g) followed (30
min later) by 0.6% acetic (ip). After 50 min, the animals were sacrificed, and the
peritoneal fluid was collected. Vascular permeability was expressed as Evans blue dye
O.D. at 610 nm. The results are expressed as the mean £ SEM from at least 6 animals.
+Significantly different (p< 0.05) from non-stimulated group. * Significantly different

from non-treated group.

Figure 3.0 The effect of curine on the acetic acid-induced writhing response.Swiss
mice were treated (p.o.) with curine (2.5 mg/Kg) or indomethacin (10 mg/Kg) or
morphine (10mg/kg). One hour later, the animals received an injection (i.p.) of 1.0%
acetic acid (0.1 mL/10 g) and were placed in individual boxes for 20 min for analyses of
the writhing response. The results are expressed as the mean + SEM of the number of
writhings from at least 6 animals. * Significantly different (p< 0.05) from non-treated

group. ** Significantly different from non-treated or curine-treated group.

Figure 4.0 The effect of curine on formalin-induced licking behavior.Swiss mice
were orally treated with curine (2.5 mg/Kg) or indomethacin (10 mg/Kg) or morphine
(10 mg/Kg). After 1 h, 20uL of 2.5% formaldehyde solution (formalin) was injected
into the right hind paw. The results are expressed as the licking time in the first 5 min

(neurogenic phase;A)or between 15-30 min (inflammatory phase;B).The results are
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expressed as the mean + SEM of the number of writhings from at least 6 animals. *
Significantly different (p< 0.05) from non-treated group. ** Significantly different from
non-treated or curine treated group.

Figure 5.0 The effect of curine on carrageenan-induced hyperalgesia.Swiss mice
pre- treated with curine (2.5 mg/kg) or indomethacin (10 mg/kg) were injected with
carrageenan (25 pg/paw) into one hind paws. PBS was injected into the other paw as a
negative control. Hyperalgesia was analyzed 4 h later using a hot-plate test and is
expressed as a decrease in the latency timeof the carrageenan-challenged paw compared
to PBS-challenged paw.The results are expressed as the mean + SEM of at least 6
animals. * Significantly different (p< 0.05) from PBS-challenged group.

Figure 6.0 The effect of curine on COX-2 expression and PGE,;
production.Peritoneal macrophages (5 x 10° cells/well) were incubated for 1h with
curine (1 or 10 uM) and stimulated with LPS (500 ng/mL) for 12h. PGE, concentrations
were determined using DuoSet kits, and COX-2 expression was analyzed by Western
blotting. A) COX-2 expression. The results are representative of two different
experiments. B) PGE,concentrations. The results are expressed as the mean £ SEM of

two different experiments.
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3.3. Artigo 11

CURINE INHIBITS MACROPHAGE ACTIVATION AND NEUTROPHIL
RECRUITMENT IN A MOUSE MODEL OF LIPOPOLYSACCHARIDE-INDUCED
INFLAMMATION. Ribeiro-Filho, J.; Leite, F. C.; Calheiros, A. S.; Carneiro, A. B,
Azeredo, J. A.; Assis, E. F.; Dias, C. S.; Piuvezam, M. R; Bozza, P. T. 2013. Em edic&o.

Nos artigos anteriores nds demonstramos os efeitos anti-alérgicos, analgésicos e anti -
inflamatorios da curina administrada em doses ndo-tdxicas. Neste terceiro artigo, para melhor
caracterizar a acdo antiinflamatoria deste alcaloide, nos investigamos os seus efeitos na
ativacdo de macrdfagos e no recrutamento de neutréfilos em um modelo experimental de
pleurisia induzida por LPS. Nés demonstramos que o tratamento oral com a curina inibiu
significativamente o recrutamento de neutrofilos para o lavado pleural, associado com a
inibicdo da producdo de citocinas inflamatorias tais como o TNF-a., a IL-6 , a MCP-1 e com a
inibicdo de leucotrieno B4 no lavado pleural. A curina também inibiu a producdo de TNF-a,
IL-1B, IL-6 e NO por macrofagos estimulados com LPS in vitro, e o verapamil, um
antagonista de canal de célcio apresentou efeitos inibitdrios semelhantes na producéo de TNF-
a ¢ IL- 1B por macrofagos, sugerindo que a curina desempenha um efeito inibitorio sobre a
ativacdo dos macrdfagos, que podem estar associados com a inibicdo do influxo de célcio.
Para finalizar este artigo, nds estamos conduzindo experimentos para avaliar o efeito da
curina na ativagdo de MAP quinases e do fator de transcricdo NF«B, bem como na modulagéo
do influxo de calcio em macréfagos ativados com LPS, o que permitird caracterizar os

mecanismos moleculares de a¢do da curina neste modelo.
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ABSTRACT

Macrophages play essential roles in immunity, working as initial detectors of
inflammatory signals, such as bacterial derived lipopolysaccharide (LPS). Activated
macrophages release mediators that cause neutrophil recruitment, and cross-talk
between these two cells is associated with the development of inflammatory diseases.
Curine is a bisbenzylisoquinoline alkaloid that is isolated from Chondrodendron
platyphyllum (Menispermaceae). Recent reports have demonstrated the anti-allergic,
analgesic and anti-inflammatory effects of curine at non-toxic doses. However, the
mechanisms underlying this effects remain to be elucidated. This study investigated the
effects of curine on macrophage activation and neutrophil recruitment in a mouse model
of LPS-induced inflammation. Curine significantly inhibited the recruitment of
neutrophils to the pleural lavage that was associated with the inhibition of the
production of inflammatory cytokines such as TNF-a, IL-1B, IL-6, MCP-1 and
inhibition of leukotriene B4 in the pleural lavage. Curine inhibited the production of
TNF-a, IL-1p, IL-6 and NO by LPS-stimulated macrophages in vitro, and verapamil, a
calcium channel antagonist presented similar effects in the production of TNF-a, IL-1p
by microphages, suggesting that curine plays an inhibitory effect on macrophage
activation that result, at least in part, from calcium influx inhibition. In conclusion,
curine presented anti-inflammatory effects that are associated with inhibition of
macrophage activation through mechanisms that involve inhibition of inflammatory
cytokines, LTB,4, NO and of Ca™ influx, confirming that it has the potential for use in

anti-inflammatory drug development.
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INTRODUCTION

Macrophages are innate cells that play essential roles in immunity. These cells
work as initial detectors of inflammatory signals, including those produced by the host
and the derived from microorganisms, such as lipopolysaccharide (LPS) (Borregaard,
2010). LPS signaling through TLR,4 induces macrophage activation by regulating
intracellular pathways involved in cytokine, lipid mediator and oxygen reactive species
(ROS) production, in a process that depends on mitogen-activated protein kinase
(MAPK) and calcium influx (Dean et al, 1999). The mediators released by activated
macrophages play key roles on neutrophil recruitment and activation, and there are
evidences that cross-talk between these two cells is essential in the progress of immune
responses as well as in the development of many inflammatory diseases (Amulic et al.,
2012).

Curine (Figure 1A) is a bisbenzilisoquinoline alkaloid (BBA) that is the major
constituent of the root bark of Chondrodendron platyphyllum (Menispermaceae). This
plant is popularly known as "abutua”, and it has been used in the Brazilian folk
medicine to treat inflammatory conditions (Correa, 1984; Gotfredsen, 2013). The
phytochemical analysis of the root demonstrated that C. platyphyllum contains at least
three alkaloids, including curine, isocurine and 12-O-metilcurine (Dias et al., 2002).
Earlier reports demonstrated that BBA are bioactive natural compounds, presenting
interesting pharmacological properties, such as anti-inflammatory, anti-allergic and
analgesic  (Souto, 2011). Accordingly, previous studies demonstrated the
pharmacological properties of the alkaloids extracted from Chondrodendron
platyphyllum (Guedes et al., 2002). Dias and collaborators (2002) have demonstrated
that curine and isocurine presented vasodilator effect and suggested that this effect was
associated with inhibition of calcium channels. Medeiros and collaborators (2011)
demonstrated that curine decreased intracellular Ca** transients in A7r5 cells, possibly
through a direct blockade of L-type Ca®* channels.

Recently, we demonstrated the anti-allergic effects of an oral treatment with
curine using a mouse model of allergic asthma. The oral administration of curine
significantly inhibited eosinophilic inflammation, eosinophil lipid body formation,
cytokine production and airway hyper-responsiveness (AHR) in vivo. Verapamil, a
calcium channel antagonist, had similar anti-allergic properties, and curine pre-

treatment inhibited the calcium-induced tracheal contractile response ex-vivo,
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suggesting that the mechanism by which curine exerts effects is through the inhibition
of a calcium-dependent response. Importantly, oral treatment with curine for 7
consecutive days in doses up to 10 fold higher than its median effective dose (EDso) did
not induce evident toxicity (Ribeiro-Filho et al., 2013).

We have provided additional data of curine properties in a work that investigated
the anti-inflammatory and analgesic effects of this alkaloid. We have demonstrated that
curine significantly inhibited the formation of paw edema induced by different
inflammatory agents by decreasing vascular permeability. The analyses of the analgesic
properties showed that curine inhibited acetic acid-induced writhing response, licking
behavior in the inflammatory, but not in the neurogenic phase of the formalin test and
carrageenan-induced hyperalgesia. Additionally curine inhibited PGE, production in
vitro, without affect COX-2 expression. Importantly, the effects of curine treatment
were similar to indomethacin (a non-steroidal anti-inflammatory drug), but different
from morphine (a central acting analgesic drug), suggesting that the analgesic effects of
curine do not result from a direct inhibitory effect on neuronal activation, but depend on
anti-inflammatory mechanisms that, at least in part, result from inhibition of PGE;
production (Leite et al., 2013).

Despite the consistent anti-inflammatory and analgesic properties of curine, the
mechanisms underlying this effects remain to be elucidated. Therefore, this work aims
to characterize the effects of curine on macrophage activation and neutrophil

recruitment in LPS -induced inflammation.

METHODS

Curine Purification

Chondrodendron platyphyllum Hil St. (Miers) was collected in the municipality
of Santa Rita, Paraiba, Brazil. The voucher specimen of this plant is deposited in the
Herbarium Prof. Lauro Pires Xavier, number 3631-P, and was identified by Prof. Dr
Maria de Fatima Agra. Spectroscopically pure curine was isolated from the root bark of
C. platyphyllum as described by Mambu et al. (2000). The curine solution was prepared
using 1 mg of the crystal in 50 uL of 1 N HCI and 500 pl of distilled water. The pH was
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adjusted to 7-8 with 1 N NaOH. The volume was adjusted to 1000 ul, and the dilutions
were made in phosphate-buffered saline (PBS).

Animals

Male C57BI/6 mice weighing 20-30 g were obtained from the Oswaldo Cruz
Foundation breeding unit. The animals were maintained with food and water ad libitum
in a room with the temperature ranging from 22 to 24 °C and a 12 h light/dark cycle.
This study was carried out in accordance with the recommendations of the Brazilian
National Council for the Control of Animal Experimentation (CONCEA). The protocols
were approved by the Animal Welfare Committee of the Oswaldo Cruz Foundation
(CEUA/FIOCRUZ protocol # L-002/08).

Treatments

For in vivo experiments, animals were orally (po) pre-treated with curine (2.5
mg/ kg) or dexamethasone (2.5 mg/Kg, po). PBS (po) was given as negative control. All
treatments were performed 1h before PBS challenge. For in vitro experiments, cells
were treated with curine (1 or 10 puM), 1h before the stimulus. Non-treated cells
received supplemented RPMI medium as detailed below. The dose of curine (2.5
mg/Kg) was chosen based on the results obtained from the pre-treatment dose-response
curve performed by Ribeiro-Filho and colleagues (2013) in a mouse model of allergic
asthma.

LPS-induced pleurisy

Male C57BI/6 mice orally pre-treated with curine or dexamethasone (2.5 mg/Kg)
received an intrapleural injection of LPS (250 ng / cavity) dissolved in 100 uL of PBS.
Four hour after the LPS injection, the animals were euthanized by exposure to an
atmosphere of CO,, and the pleura was surgically exposed. The pleural lavage (BAL)
was collected from mice by washing the pleural cavity with 1 mL of PBS add with
heparin (20 U/ml).
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Leukocyte counts

Total leukocyte counts were performed using a Neubauer chamber under a light
microscope after diluting the pleural lavage samples in Turk fluid (2% acetic acid).
Differential counts were performed by microscopy with an objective lens at 100x

magnification.

Peritoneal macrophage culture

Peritoneal macrophages from C57BI/6 mice were obtained 4 days after the
injection of 4% thioglycolate by washing the peritoneal cavity with RPMI 1640 medium
supplemented with 100 U/mL penicillin and 100 pg/mL streptomycin. Cells had the
concentration adjusted to 2 x 10°/mL and were plated in 24-well culture plates (500 pL)
at 37°C in 4% CO, atmosphere overnight Following incubation, cells were pre-treated
with curine (1 or 10uM) and 1h later, stimulated with LPS (500 ng/mL) or LPS (100
ng/mL) + IFN-y (10 U/ml). Of note, curine 1 or 10 uM did not affect cell viability.

Assay for nitrite and cytokine analyses

For NO determination, 100 puL of supernatants of macrophage culture were
removed 24 h after LPS stimulus and incubated with an equal volume of Griess reagent
(1% sulfanilamide and 0.1% naphthylenediamine hydrochloride in 2.5% H3PQO,), for 10
min at room temperature, and absorbance was measured at 540 nm in an ELISA reader
(Titer tek Multiscan, Flow Laboratories, Finland). Nitrite concentration was calculated
with reference to a standard curve obtained using NaNO, (1-200 puM in culture
medium). The concentrations of cytokines in the supernatants of the pleural washes or
macrophage culture were determined by ELISA 4 hours after stimulation with LPS

according to the instructions of the manufacturer.
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Statistical analyses

Data were analyzed by one-way ANOVA followed by Tukey's test using
GraphPad Prism software (GraphPad, San Diego, CA). The values were expressed as

the means £ S.E.M. Differences with p < 0.05 were considered significant.

RESULTS

Curine inhibits neutrophil recruitment in LPS- induced pleurisy

An intrapleural injection of LPS in mice induced an intense influx of neutrophils
into the pleural cavity that was associated with the development of pleural inflammation
(Figure 1B). To demonstrate the anti-inflammatory effects of pre-treatment with curine,
the animals were pre-treated orally with curine (2.5 mg/Kg) or dexamethasone (2
mg/Kg) 1 h before the LPS challenge. This treatment significantly reduced the total
number of neutrophil in the pleural lavage (Fig. 1B) compared with the untreated LPS-
challenged group, demonstrating the inhibitory role that curine plays on neutrophil

recruitment.

The effects of curine on cytokine production in vivo

Because we demonstrated that curine has a significant effect on neutrophil
recruitment, we analyzed the effect of curine in the production of cytokines involved in
neutrophil recruitment and inflammation. Supernatants of pleural lavages from mice
challenged with LPS presented increased levels of inflammatory cytokines, including
interleukin ~ (IL) -1pB, IL-6, tumor necrosis factor (TNF)-a, monocyte chemotactic
protein (MCP)-1, KC and the eicosanoid leukotryene B, (LTB4) (Figure 2 A-F),
compared to non-stimulated animals. The treatment with curine significantly inhibited
the production of IL-6, TNF-a, MCP-1 and LTB,, indicating that the inhibitory effect of

curine on neutrophil recruitment is associated with inhibition of cytokine production.
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Curine inhibits macrophage activation in vitro

Activated macrophages are importantly involved in the production of mediators
in early inflammation. So, we investigated if curine has a direct inhibitory effect on
macrophage activation, by analyzing the production of inflammatory cytokines and
nitric oxide in vitro. As shown in Figure 3 (A-C), the addition of LPS in peritoneal
macrophage culture induced an expressive production of IL- 1B, IL- 6 and TNF-a that
was significantly inhibited by the pre-treatment with curine (Figure 3 A-C). Also,
macrophages stimulated with LPS (Figure 3D) or LPS + IFN-y (Figure 3E) presented
increased levels of nitrite in the supernatants compared to non-stimulated cells, that
were significantly decreased by curine pre-treatment (Figure 3 D-E). Together these

data indicate that curine inhibits LPS-induced macrophage activation.

The effect of calcium influx inhibition on macrophage activation

We have recently demonstrated that curine and verapamil, a calcium channel
antagonist, presented similar anti-allergic effects that were associated with calcium
influx inhibition (Ribeiro-Filho et al., 2013). To evaluate the importance of calcium
influx inhibition on macrophage activation as well its potential participation in curine
anti-inflammatory mechanisms we compared the effects of verapamil and curine on
macrophage activation. As shown in Figure 3, curine or verapamil pre-treatments at the
same concentrations similarly inhibited the production of IL-1 (A) and TNF-a (B),
suggesting that the inhibitory effect that curine plays on macrophage activation is at

least in part dependent on calcium influx inhibition.

DISCUSSION

Inflammatory diseases are current important public health problems, with
increasing prevalence, morbidity and mortality worldwide (Edwards et al., 2009). Such
diseases frequently result from an inadequate immune response driven against infection
or self components (Scrivo et al., 2011). Although inflammatory diseases can differ in
various aspects, there are consistent evidences that macrophages and neutrophils play

key roles in the initiation and development of many inflammatory conditions by
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producing mediators that amplify the inflammatory response, including cytokines, lipid
mediators and reactive oxygen species (Takeda & Akira, 2005).

In the world context, questions have raised concerning the efficacy and safety of
the currently available medications (Cosendey et al., 2000). Classical anti-inflammatory
drugs such as corticosteroids and non-steroidal anti-inflammatory drugs (NSAIDs) can
be successfully used in the treatment of many inflammatory disorders, however there
have been specific conditions on which they are not effective or can cause significant
side effects (Rainsford, 2007). Therefore, the development of novel, safe and effective
drugs has an important impact on anti-inflammatory therapy.

In this work we have demonstrated new roles as well as provided new
mechanisms of curine as an anti-inflammatory compound. We demonstrated that curine
oral pre-treatment significantly inhibited the recruitment of neutrophils to the pleural
cavity in a mice model of pleurisy. Accordingly, curine significantly inhibited the
production of various inflammatory cytokines including, 1L-6, TNF-o, MCP-1 and the
eicosanoid LTBy in the supernatants of pleural lavages from mice challenged with LPS,
indicating that the inhibitory effect of curine on neutrophil recruitment is associated
with inhibition of cytokine production. Neutrophils are the most abundant leukocytes in
the blood, But under inflammatory conditions, they can rapidly leave the circulation and
migrate to the inflammatory site (Amulic et al., 2013). Inflammatory signals such as
chemokines and cytokines released by activated endothelial cells and macrophages play
a direct effect on neutrophil recruitment (Borregaard et al., 2010). Previous studies have
demonstrated that LTB, work as an important chemotactic agent to neutrophils (Afonso
et al., 2012) stimulating the recruitment of this cells via BLT; receptor activation
(Monteiro et al., 2011). Therefore, the inhibitory effect of curine on LTB, production
might have a direct impact on neutrophil recruitment. Additionaly, LPS-induced
cytokines such as IL-6, IL-p and TNF-a play central roles in inflammation. TNF-a and
IL-B directly affect neutrophil recruitment by stimulating the expression of adhesion
molecules, including selectins and integrins (Libby et al., 2007).

Activated macrophages are one of the most important sources of mediators in
the early phase of inflammation (Fujiwara & Kobayashi, 2005). So, we hypothesized
that curine might inhibit neutrophil recruitment and cytokine production in the pleural
lavage by affecting macrophage activation. We demonstrated that curine significantly
inhibited the production of IL-6, IL-B and TNF-a by murine macrophages stimulated
with LPS in vitro. This suggest that the inhibitory effect of curine on cytokine
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production by macrophage can result in inhibition of the phenotypic changes triggered
by LPS challenge and thus is associated with the mechanisms by with curine regulates
neutrophil recruitment. In the other hand, neutrophils can also affect macrophage
biology by releasing products involved in monocyte / macropage influx and activation,
such as MCP-1 (Soehnlein et al., 2009). In this work we demonstrated that the treatment
with curine significantly inhibited the production of MCP-1 in the pleural lavage,
suggesting that the cross-talk between neutrophils and macrophages might be impaired
by curine treatment. Additionaly, curine significantly decreased nitrite concentrations in
the supernatants of macrophages stimulated with LPS or LPS and IFN-y, indicating that
curine inhibit nitric oxide (NO) production in vitro. This finding bring additional
information about the role of curine in macrophage activation, since NO production is a
hallmark of activated macrophages as well as of inflammation (Chang et al., 1998).
Importantly, recent reports have demonstrated NO in association with other ROS is
critically involved in the formation of Neutrophil Extracellular Traps (NETs) (Patel et
al., 2010).

We have recently reported that curine present ant-inflammatory and analgesic
effects which mechanisms involve inhibition of PGE; production (Leite et al., 2013).
Our data suggest that in addition to this mechanism, the inhibitory effect that curine
plays in the production of cytokines such as IL-1B and TNF-o as well as in NO
production significantly contribute to the ant-inflammatory and analgesic effects
previously described, since several reports have demonstrated the role of these
mediators on inflammatory pain (Kidd & Urban, 2001).

In previous works we have demonstrated that curine present an anti-allergic
effect that, at least in part, result from inhibition of calcium influx (Ribeiro-Filho et al.,
2013). In this work we hypothesized that calcium influx inhibition impair macrophage
activation and this corroborate our previous data that highly suggest that the mechanism
by which curine exerts its effects is through the inhibition of a calcium-dependent
response. To confirm our hypothesis we compared the effect of verapamil to that of
curine on the production IL-1p and TNF-a by LPS-stimulated macrophages and this
was used as parameter of macrophage activation. When used under the same conditions
(concentrations and time of pre-treatment), verapamil and curine showed similar
inhibitory effects, suggesting that inhibition of calcium influx is significantly involved
in the mechanisms by with curine inhibit inflammatory responses, corroborating with

previously reported data (Ribeiro-Filho et al., 2013) .
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In conclusion, curine presented anti-inflammatory effects that are associated
with inhibition of macrophage activation through mechanisms that involve inhibition of
inflammatory cytokines, LTB4, NO and of Ca™ influx, confirming that it has the

potential for use in anti-inflammatory drug development.
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LEGENDS

Figure 1. The effect of curine on neutrophil recruitment in LPS-induced Pleurisy.
C57BI/6 mice (n = 6 - 7) were treated orally with increasing doses of curine (2.5
mg/Kg), or dexamethasone (2.5 mg/kg) 1 h before LPS challenge. Four hours after
challenge, the pleural lavage was collected and the leukocytes were counted using a
light microscope. A) the chemical structure of curine; B) the number of total leukocytes;
C) the number of eosinophils; These results are expressed as the mean £ SEM of at least
6 animals. + Significantly different (p < 0.05) from the unchallenged group; *
significantly different from the untreated, LPS-challenged group.

Figure 2. The effects of curine on cytokine production in vivo. C57BI/6 mice (n =6 -
7) were treated orally with increasing doses of curine (2.5 mg/Kg), or dexamethasone
(2.5 mg/kg) 1 h before LPS challenge. Four hours after challenge, the pleural lavage
was collected and the concentration of cytokines in the supernatants were analyzed by
ELISA. A) The concentration of IL-1B; B) The concentrations of IL-6; C) The
concentrations of TNF-a; D) The concentrations of MCP-1; E) The concentrations of
KC / CXCL-1; F) The concentration of LTB, ; These results are expressed as the mean
+ SEM of at least 6 animals. + Significantly different (p < 0.05) from the unchallenged
group; * significantly different from the untreated, LPS-challenged group.

Figure 3. The effects of curine on macrophage activation. Peritoneal macrophages (5
x 10° cells/well) were incubated for 1h with curine (1 or 10 uM) and stimulated with
LPS (500 ng/mL) or. The concentrations of IL-1p (A), IL-6 (B) and TNF-a (C) in the
supernatants were determined by ELISA 4h after the LPS stimulus. The concentrations
of nitrite were analyzed using the method of Griess 24h after the stimulus with LPS
(500 ng/mL) (A) or LPS (100 ng/mL) + IFN-y (10 U/ml) (B). These results are
expressed as the mean £ SEM of at least 2 experiments made in triplicate. +
Significantly different (p < 0.05) from non-stimulated cells; * significantly different

from the untreated, LPS-stimulated cells.
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Figure 4. The effect of calcium influx inhibition on macrophage activation.
Peritoneal macrophages (5 x 10° cells/well) were incubated for 1h with curine (1 or 10
uM) or verapamil (1 or 10 puM) and stimulated with LPS (500 ng/mL). The
concentrations of IL-1B (A), and TNF-a (B) in the supernatants were determined by
ELISA 4h after the LPS stimulus. These results are expressed as the mean = SEM of at
least 2 experiments made in triplicate. + Significantly different (p < 0.05) from non-
stimulated cells; * significantly different from the untreated, LPS-stimulated cells.
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4. DISCUSSAO

As doencas inflamatdrias atualmente representam importantes problemas de salde
publica em termos de prevaléncia, morbidade e mortalidade. Varias destas doencas, incluindo
a asma, sdo cronicas, e como tais, necessitam de terapia farmacoldgica a longo prazo
(Edwards et al., 2009). A asma alérgica € uma das doengas mais prevalentes em todo o
mundo (SBPT, 2012). Estas doenca geralmente € tratada com uma combinacdo de
medicamentos antiinflamatorios e broncodilatadores. Os corticosteroides inalatorios séo
atualmente os medicamentos mais importantes utilizados para controlar a inflamacao das vias
aereas. Devido aos seus efeitos inibitdrios potentes na ativagdo celular, produgdo de citocinas
e mediadores lipidicos e expressdo de moléculas de adesdo e receptores inflamatorios, eles
sdo capazes de bloquear simultaneamente varios passos essenciais da cascata inflamatoria
(Barnes, 2011, 2006; Barnes & Adcock, 2009; Rhen & Cidlowski, 2005). Contudo, a
corticoterapia provoca efeitos colaterais significativos (Schacke et al., 2004), e alguns
pacientes sdao completamente resistentes corticoides, ou seja, eles ndo apresentam melhora
clinica apos tratamento com altas doses de glicocorticoides orais (Barnes et al., 1995). Esta
situacdo pode limitar o uso de corticosteroides e prejudicar a qualidade de vida dos pacientes.
Alguns estudos sugerem que a ineficacia de corticosterdides em algumas formas graves de
asma é devida a sua incapacidade de diminuir o nivel de citocinas do perfil Thl, tais como o
TNF (Truyen et al., 2006). Os medicamentos broncodilatadores classicos, incluindo os
agonistas [p-adrenergicos e os inibidores de fosfodiesterases tém sido muito utilizados para
controlar a falta de ar, que é uma caracteristica marcante de ataques de asma, no entanto,
estes farmacos também ndo sdo isentos de efeitos colaterais (Boswell-Smith et al., 2006).
Atualmente, os antagonistas de leucotrienos tém sido empregadas com sucesso na terapia da
asma. No entanto, eles ndo sdo eficazes como monoterapia e, portanto, sdo utilizados
principalmente como terapia complementar aos corticosteroides inalatdrios (Polosa, 2007). Os
inibidores de mastdcitos, os anticorpos monoclonais, os inibidores da 5-lipoxigenase e a
imunoterapia especifica para alérgenos também sdo Uteis no tratamento da asma (Edwards &
Howell, 2000; Holgate & Polosa, 2008). No entanto, medicamentos inovadores, seguros e
eficazes para o tratamento da asma s@o necessarios, e a avaliacdo de novos compostos com
mecanismos de acdo estabelecidos continua a ser uma importante area de pesquisa .

Neste trabalho, nds demonstramos pela primeira vez as propriedades anti- alérgicas e a
caracterizagdo toxicologica de curina, um alcaloide bisbenzilsisoquinolinico ativo por via
oral. Para investigar as propriedades anti- alérgicas da curina , foi utilizado um modelo

experimental de asma induzida pela sensibilizacdo alérgica e desafio com OVA. A inflamagéo
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eosinofilica das vias aéreas é uma importante caracteristica deste modelo. O desafio alérgico
induz a maturacéo e diferenciacdo de eosindfilos a partir de precursores da medula 6ssea e sua
migracdo para o sitio inflamatdrio em resposta a mediadores, tais como a eotaxina e a IL -5
(Gleich et al., 2000). Portanto, foi realizado um experimento para avaliar a relagdo dose-
resposta do tratamento oral com curina neste modelo, e observou-se que tal tratamento
reduziu significativamente o numero de eosinofilos no BAL, demonstrando que a curina
desempenha uma funcdo inibitéria no recrutamento de eosinofilos.

Para entender melhor os efeitos da curina, n6s analisamos a sua ac¢éo na formacao de
corpusculos lipidicos em eosinofilos. O aumento destas organelas em eosinofilos esta
associada com a ativacdo celular e a producdo de CisLTs na resposta alérgica e portanto,
desempenha importantes fun¢Ges em estados inflamatdrios, podendo ser utilizados como um
marcador da ativacdo de eosindfilos (Mesquita-Santos et al., 2006; Vieira-de-Abreu et al.,
2005). N6s ndo apenas demonstramos gque 0s animais tratados com a curina ndo apenas
apresentaram uma reducdo do ndmero de eosinéfilos no BAL, mas também demonstramos
que estes eosindfilos possuiam menos corpusculos lipidicos citoplasmaticos. Além disso os
sobrenadantes do BAL de animais alérgicos tratados com a curina, apresentaram
concentracdes reduzidas de CisLTs, comparados aos de animais ndo tratados (dados néo
mostrados), indicando que a curina desempenha um papel inibitdrio tanto na migracdo como
na ativacdo de eosindfilos. O nosso grupo tem demonstrado que a inibicdo de corpusculos
lipidicos é um parametro que pode ser utilizado para avaliar os efeitos antiinflamatérios de
drogas, além disso, a avaliacdo da inibicdo dos corpos de lipidicos pode ser dtil na
compreensdo da farmacologia e eficacia de novas intervencgdes terapéuticas para inimeras
doencas, tais como a asma, 0 cancer, a aterosclerose, o diabetes e outras doencas em que a
formacdo destas organelas é um parametro clinico negativo (Bozza et al., 2009). Observou-se
gue o tratamento com a curina, bem como a dexametasona, reduziu significativamente a
producdo de eotaxina no modelo utilizado. Tem sido demonstrado que a eotaxina desempenha
um papel-chave na migracgdo e ativagdo de eosinofilos (Vieira-de-Abreu et al., 2005), o que
corrobora com os efeitos de curina aqui descritos. AHR é uma caracteristica particular da
asma, resultante de interagdes complexas entre células inflamatérias e do musculo liso das
vias aéreas (ASM), levando a episodios recorrentes de falta de ar, chiado e tosse (Lauzon et
al.,, 2012). Neste trabalho, n6s demonstramos que a curina inibiu a AHR, diminuindo os
valores de Penh (pausa respiratoria; do inglés: enhanced pause) observadas para niveis
semelhantes aos observados nos animais tratados com dexametasona. Para elucidar os
mecanismos envolvidos nos efeitos antialérgicos da curina, analisou-se a producdo de

mediadores com funcdes significativas nas respostas alérgicas, tais como a 1L-13. Estudos
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anteriores demonstraram que o0 bloqueio da IL-13 em camundongos impede o
desenvolvimento de AHR (Wills-Karp et al., 1998). Além disso, Kuperman e colaboradores
(2005, 2002) demonstraram que a super-expressdo de 1L-13 em camundongos foi suficiente
para provocar a AHR, possivelmente através de um efeito direto no epitélio das vias aéreas.
Além disto, a IL-13 também esta envolvida na modulagéo de varios aspectos fisiopatologicos
da asma, tais como: a mudanga de isotipo para a producdo de IgE, a inflamagdo pulmonar, o
remodelamento das vias aéreas, a produgdo de muco e a contracdo do ASM, através de uma
interacdo com receptores especificos na superficie da célula (Bloemen et al., 2007).

Os mecanismos alérgicos envolvem a ativacdo de muitos tipos de células, incluindo
leucacitos e células musculares e epiteliais das vias aéreas (Paul & Zhu, 2010). A Inflamacéo
eosinofilica e AHR séo caracteristicas importantes da asma , e ambos 0S processos requerem
mecanismos dependentes de calcio. Um trabalho recente demonstrou que o verapamil, um
antagonista de canais de célcio, inibiu significativamente a hiperplasia das células
caliciformes, a hipersecrecdo de muco e a inflamagdo num modelo de asma alérgica (Khakzad
et al., 2012). Medeiros e colaboradores (2011) demonstraram que a curina pode ter um efeito
inibitério direto sobre canais de Ca®* do tipo-L em células do musculo liso vascular. No
presente trabalho, nds investigamos o envolvimento de mecanismos dependentes de célcio na
acdo antialérgica de curina. N6s demonstramos que o pré-tratamento com a curina inibiu
significativamente a resposta contratil de traquéia ex vivo, sugerindo que curina inibe o
influxo de célcio através do blogueio de canais dependentes da voltagem de Ca®* no mésculo
liso da traqueia. Curiosamente, em camundongos nao-alérgicos, a curina ndo alterou a
broncoconstri¢do induzida por metacolina (in vivo), a qual ¢ mediada pela liberacéo de célcio
a partir de reservatdrios intracelulares (Foster et al., 1984). Estes dados suportam a hipétese
de que a curina inibe os canais de calcio na membrana da célula, ao invés de impedir o efluxo
de Ca®" a partir do reticulo endoplasmatico. Além disso, em tratamentos in vivo utilizando a
curina ou o verapamil, na mesma dose, tempo e via de administracdo tiveram efeitos
semelhantes na AHR e na inflamacéo eosinofilica, sugerindo que os efeitos anti-alérgicos da
curina podem ser, pelo menos em parte, dependentes da inibicdo do influxo de célcio a partir
do meio extracelular. De fato, a sinalizacdo dependente de célcio desempenha papéis
importantes tanto na producdo como na funcdo de citocinas relacionadas com a asma. A
expressao de citocinas e quimiocinas na resposta alérgica é em grande parte dependente da
ativacdo do NFAT, um fator de transcrigdo que requer Ca’* para sua ativacdo (Macian, 2005).
Rothenberg e colaboradores (1996 ) demonstraram que a sinalizagdo mediada pela eotaxina
através do seu receptor, CCR3 , induziu eficazmente um influxo de calcio nas eosinofilos

estimulados in vitro. Além disso, Moynihan e colaboradores (2008 ) demonstraram que a IL-
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13 modulou a AHR por induzir um influxo de calcio nas células do musculo liso das vias
respiratérias humanas.

Ainda neste trabalho, foram investigados os possiveis efeitos tdxicos decorrentes do
tratamento oral com a curina, uma vez que tais efeitos ndo houveram sido previamente
investigados experimentalmente. Para cumprir este objetivo, camundongos Swiss foram
tratados diariamente durante sete dias com a curina em doses de 2,5 e 8 mg/Kg . A dose de
2,5 mg/kg foi escolhida porque ela teve um efeito anti-alérgico significativo ao longo dos
experimentos e a dose de 8 mg/Kg é 10 vezes maior do que a DEsy da curina. Neste
experimento também incluimos um grupo tratado por via oral com a dexametasona (2
mg/Kg), como fizemos para 0s outros experimentos. Todos os tratamentos foram comparados
com o tratamento oral com PBS adicionado com HCI e NaOH (pH 7), o qual foi utilizado
como veiculo para a diluicdo da curina. A avaliacdo toxicoldgica demonstrou que o
tratamento com a curina ndo induziu alteraces nos parametros hematoldgicos (tais como: o
nimero de leucdcitos, plaquetas e globulos vermelhos, e os valores de hematdcrito e
hemoglobina ) ou bioguimicos (incluindo as concentragdes de: fosfatase alcalina, alanina
transaminase, aspartato transaminase, bilirrubina, creatinina , creatinina quinase, colesterol,
glicose, proteinas totais e acido Urico). Além disso, o tratamento com a curina nao induziu a
formacao de Ulceras gastricas, e ndo foram observadas alteragdes fisicas ou comportamentais,
0 que indica que, nestas condicdes, a curina ndo apresentou toxicidade evidente.

Com o intuito de fornecer informaces terapéuticas adicionais sobre as propriedades
antialérgicas da curina, nos investigamos o efeito do pds-tratamento com a curina e
demonstramos que tal tratamento foi eficaz na inibicdo do recrutamento e da ativacdo de
eosindfilos. Esta observagdo realca o potencial da curina como um composto antialérgico,
pois 0 pos-tratamento reproduz com mais precisdo o que acontece em situagdes clinicas.

Tendo demonstrado que a curina possui uma atividade antialérgica significante,
apresentando efeitos como a inibicdo da producdo de citocinas inflamatdrias e da migracéo
celular e sabendo que a planta da qual ela é o principal constituinte é popularmente utilizada
para tratar sintomas inflamatorios, nds investigamos as propriedades antiinflamatorias e
analgeésicas deste composto. NOs demonstramos que o pré-tratamento oral com a curina inibiu
significativamente o edema da pata induzido por carragenina ou zimosan e a permeabilidade
vascular, o que indica que a curina desempenha um papel inibitorio na formacéo de edema
que estd associado com uma diminuigdo da permeabilidade vascular. A administracdo de
acido acético, carragenina ou zimosan é conhecida por desencadear uma reagdo inflamatoria
local, com a liberacdo de mediadores inflamatorios que induzem alteragdes vasculares que

causam 0 extravasamento de plasma e a formacdo de edema (Campos & Calixto, 2000).
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Entdo, nos hipotetizamos que a curina inibe a formacdo de edema através da modulacdo da
reacdo inflamatoria, baseados tanto no seu efeito modulador da resposta alérgica (Ribeiro-
Filho et al., 2013) como em uma grande variedade de estudos que demonstraram previamente
que os BBA possuem propriedades inflamatorias, inclusive neste modelo (lvanovska et al.,
1996; Kondo et al., 1992.; Luo et al., 1998; Kupeli et al., 2002; Wong et al., 1991). Além
disso, 0 nosso grupo tem demonstrado as propriedades antialérgicas e antiinflamatorias da
warifteina, um BBA isolado de Cissampelos sympodialis (Menispermaceae) (Bezerra-Santos
et al., 2006; 2012; Costa et al., 2008).

Demonstrou-se que o pré-tratamento com a curina inibiu tanto a resposta de contorcéo
abdominal induzida por acido acético e o comportamento de lambida de pata (dois parametros
importantes na avaliacdo da nocicepcdo) na fase inflamatéria do teste de formalina,
demonstrando as propriedades analgésicas da curina. No entanto, a curina ndo inibiu a fase
neurogénica do teste de formalina, o que indica que o efeito analgésico da curina esta
associada com mecanismos de antiinflamatoérios e ndo é um resultado da inibicdo direta da
ativacdo neuronal. De fato, a inje¢do de formalina induz uma resposta nociceptiva bifasica. A
primeira fase é desencadeada nos primeiros 5 minutos apds o estimulo, provocando ativacao
neural direta e causando dor. A segunda fase ocorre no intervalo de 15 a 30 minutos apos o
estimulo e é provocada pela acdo de mediadores liberados na reagdo inflamatoria.
Mecanismos inibitorios suprimem a dor entre estas fases e portanto nenhuma resposta
nociceptiva é observada (Hunskaar & Hole, 1987). Adicionalmente, 0s nossos experimentos
demonstraram que a curina apresentou resultados fenotipicos semelhantes aos observados
para a indometacina, um AINE, mas diferente da morfina, um analgésico de agdo central.
Além disso, a curina inibiu significativamente a hiperalgesia provocada por carragenina, que é
uma resposta altamente dependente de mecanismos de antiinflamatdrios (Tjglsen et al., 1992),
principalmente dependente da acdo de PGE, (Hunskaar & Hole, 1987). Deste modo,
considerando que a PGE; esté significativamente envolvida no desenvolvimento das respostas
inflamatorias e nociceptivas que foram avaliadas no presente estudo e que a curina e a
indometacina (cujo efeito analgésico é altamente dependente da inibi¢cdo da producdo de
PGE,) apresentaram efeitos analgésicos e antiinflamatérios semelhantes, nds demonstramos
que a curina inibiu a producdo de PGE, em macrdfagos ativados por LPS, sem alterar a
expressdao da enzima COX-2, sugerindo que a acdo da curina provavelmente resulta na
inibicdo de outras enzimas na via de metabolismo do &cido araquidénico, como por exemplo a
PLA, e a PGE sintase. Estes dados também indicam que curina possui efeitos
antiinflamatdrios e analgésicos que sdo, pelo menos parcialmente, dependentes da inibicao da

producdo de PGE,. Em macrofagos ativados, a PLA, promove a liberacdo do éacido
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araquidénico a partir de fosfolipidios da membrana que, associado com a inducdo da
expressdo de COX-2 por estimulos inflamtérios, conduz a um aumento da producéo de PGE;
(Tabas & Glass, 2013; Williams & Galli, 2000). Os AINEs classicos inibem a sintese de
PGE; por inibir a atividade da COX sem no entanto alterar a expressdo desta enzima (Vane &
Botting, 1996). Os efeitos de muitos produtos naturais na producdo de PGE, foram descritos
previamente, no entanto, devido a grande diversidade de estruturas, foram encontrados
diversos mecanismos, incluindo a inibi¢do da expressdo da COX-2 (Bae et al., 2012; Kim et
al., 2012; Yun et al., 2009 ), inibicdo da atividade da COX-2 (Dannhardt et al., 2000; Estevao
etal., 2012; Yang et al., 2012) e inibicdo da PLA; (Folmer et al., 2010).

Os dados obtidos com o estudo dos efeitos antialérgicos da curina (Ribeiro-Filho et
al., 2013), assim como os trabalhos anteriores desenvolvidos em outros modelos
farmacoldgicos (Medeiros et al., 2011) sugerem que a acdo da curina envolve a inibicdo do
influxo de calcio. Isto indica que a curina poderia modular muitas vias de sinalizacao
inflamatorias, incluindo aquelas que estdo envolvidas na producdo de PGE, (van Rossum e
Petterson, 2009). E importante enfatizar que o tratamento oral com a curina durante 7 dias
consecutivos, em doses até 10 vezes superiores a sua DEsg ndo alterou diversos parametros
toxicoldgicos, incluindo parametros celulares e bioquimicos, que sdo frequentemente
alterados por antiinflamatérios esteroidais, nem induziu alteragcBes gastrointestinais, que
caracterizam um dos principais efeitos adversos dos AINEs, indicando que a curina pode ser
uma importante alternativa para o desenvolvimento de medicamentos antiinflamatorios
inovadores, seguros e eficazes.

As doencas inflamatorias frequentemente resultam de uma resposta imune inadequada
dirigido contra componentes agentes infecciosos (Scrivo et al., 2011). Embora as doengas
inflamatdrias possam diferir em varios aspectos, ha evidéncias consistentes de que 0s
macrofagos e neutréfilos desempenham um papel-chave na iniciacdo e desenvolvimento de
muitas doencas inflamatorias através da producdo de mediadores que tanto iniciam, como
amplificam a resposta inflamatdria, incluindo as citocinas, os mediadores lipidicos e as
espécies reativas de oxigénio (Takeda & Akira, 2005). Entretanto, o papel da curina na
modulacdo deste tipo de resposta ndo havia sido previamente estabelecido. Deste modo, para
melhor caracterizar as ag0es antiinflamatdrias da curina, nos avaliamos o efeito do tratmento
com esta substancia na ativacdo de macrofagos e no recrutamento de neutrofilos em um
modelo experimental de pleurisia induzida por LPS.

NG6s demonstramos que o pré-tratamento oral com a curina inibiu significativamente o
recrutamento dos neutréfilos para a cavidade pleural de camundongos, além de inibir

significativamente a producéo de varias citocinas pro-inflamatdrias, incluindo a IL-6, 0 TNF-
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a € MCP-1, além de inibir a producdo de LTB, nos sobrenadantes do lavado pleural de
camundongos com LPS, indicando que a curina tem um papel inibitério no recrutamento de
neutréfilos, que pode estar associado com a inibicdo da producdo de mediadores
inflamatdrios. Os neutrofilos sdo os leucdcitos mais abundante no sangue, mas em condicgdes
inflamatdrias, que podem deixar rapidamente a circulagcdo e migrar para o local da inflamacéo
(Amulic et al., 2013). Os sinais inflamatdrios, como as quimiocinas e citocinas liberadas pelas
células endoteliais ativadas e macrofagos exercem um efeito direto no recrutamento de
neutrofilos (Borregaard et al., 2010). Estudos anteriores demonstraram que o LTB, funciona
como um importante agente quimiotatico para neutrofilos (Afonso et al., 2012) estimulando o
recrutamento destas células através da ativacdo do receptor BLT; (Monteiro et al., 2011).
Portanto, o efeito inibitorio da curina na producdo de LTB, pode ser um importante
mecanismo pelo qual ela modula o recrutamento destas células. Em termos de mecanismos,
considerando que a curina também inibiu a producédo de outros mediadores, como a PGE; e 0s
CisLTs e possivel que tais efeitos sejam resultantes da inibicdo de um alvo comum envolvido
na sintese destes mediadores, como por exemplo, a PLA,. Adicionalmente, as citocinas
induzida pela sinalizacdo do LPS, tais como a IL-6, a IL- B ¢ 0 TNF-0. desempenham um
papel central na inflamacdo. O TNF-a e a IL-B afetam diretamente o recrutamento de
neutrdfilos, estimulando a expressdo de moléculas de adesdo, incluindo as selectinas e as
integrinas (Libby et al., 2007).

Os macrdéfagos ativados sdo uma das principais fontes de mediadores na fase inicial de
inflamacdo (Fujiwara & Kobayashi, 2005). Assim, a nos elaboramos a hipotese de que a
curina poderia inibir o recrutamento de neutrofilos e a producdo de citocinas no lavado
pleural, devido a uma acdo inibitéria na ativacdo dos macr6fagos. N6s demonstramos que a
curina inibiu significativamente a producédo de IL-6, IL-p e TNF-a por macrofagos peritoneais
murinos estimulados com LPS in vitro. Isto sugere que o efeito inibitdrio que a curina exerce
na producdo de citocinas por macréfagos, pode ser um dos mecanismos pelos quais esta
substancia modula a inflamacdo induzida por LPS in vivo e, portanto, inibe o recrutamento de
neutréfilos no modelo estudado. Por outro lado, os neutréfilos também podem alterar a
biologia dos macrofagos através da liberacdo de produtos envolvidos no recrutamento e
ativacdo de monocitos/macrofogos (Soehnlein et al., 2009). No presente trabalho, nds
demonstramos que o tratamento com a curina reduziu significativamente a producéo de MCP-
1 no lavado pleura , sugerindo que a comunicacao entre os neutréfilos e os macréfagos na
inflamacéo pleural induzida por LPS pode ter sido prejudicada pelo tratamento com a curina .
Adicionalmente, a curina diminuiu significativamente as concentracfes de nitrito nos

sobrenadantes de macrofagos estimulados com LPS ou LPS e IFN-y , indicando que a curina
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inibiu a producdo Oxido nitrico (NO) in vitro. Estes dados acrescentam informacdes
importantes sobre o papel da curina na ativagdo dos macrofagos, uma vez que a producdo de
NO é uma caracteristica chave de macrofagos ativados, e da resposta inflamatéria como um
todo (Chang et al., 1998). De modo importante, estudos recentes demonstraram que o NO em
associacdo com outras ROS estd criticamente envolvida na formacdo NETs, com
consequéncias relevantes para o processo inflamatorio e para a patogénese de doengas
inflamatorias (Patel et al., 2010).

No artigo onde abordamos os efeitos antiinflamatorios e analgésicos da curina, nés
sugerimos que 0s mecanismos relacionados a tais efeitos envolvem a inibicéo da producdo de
PGE; (Leite et al., 2013). Entretanto, a partir destes dados mais recentes é possivel sugerir ,
em adicdo aos mecanismos previamente propostos, o efeito inibitério que a curina
desempenha na producao de citocinas, tais como a IL-1B ¢ 0 TNF- a, bem como na producéo
de NO pode contribuir significativamente para os efeitos antiinflamatdrios e analgéesicos
anteriormente descritos, uma vez que muitos estudos tem demonstrado o papel destes
mediadores na dor inflamatéria (Kidd & Urban, 2001).

Como previamente discutido, os estudos anteriores sugerem fortemente que o
mecanismo pelo qual curina exerce os seus efeitos € através da inibicdo de uma resposta
dependente de célcio. Deste modo, sabendo que muitas vias de sinalizagdo que estdo
envolvidas na ativacdo de macréfagos sdo dependentes do influxo de célcio e que trabalhos
prévios demonstraram que 0 uso de antagonistas de canais de célcio inibe a ativacdo de
macrofagos ativados por diferentes estimulos inflamatérios (Wright et al., 1985), nos
comparamos o efeito da curina e do verapamil na producédo de IL-1p ¢ TNF-o por macr6fagos
estimulados LPS, que foi utilizada como pardmetro da ativacdo nestes macréfagos. Foi
demonstrado que quando utilizado sob as mesmas condic¢des (concentracbes e tempos de pré -
tratamento), o verapamil e curina apresentaram efeitos inibitorios semelhantes na producéo
destas citocinas, sugerindo que a inibicdo do influxo de célcio também esta envolvido nos
mecanismos pelos com a curina inibe a ativacdo celular e portanto, a resposta inflamatoria,
neste modelo, corroborando com os dados previamente relatados (Ribeiro-Filho et al., 2013).
Este conjunto de dados indicam que a curina apresentou um efeito antiinflamatorio
caracterizado pela inibicdo do recrutamento de neutrofilos que esta associado com a inibicao
da ativagdo de macrofagos atraves de mecanismos que envolvem a inibicdo da producdo de
citocinas pré-inflamatorias, LTB, e NO, que pode ser dependente da inibi¢cdo do influxo de
ca’".

No contexto internacional tem surgido problemas relacionados com a eficécia e

seguranca dos medicamentos atualmente disponiveis (Cosendey et al., 2000). Os
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medicamentos mais amplamente empregados na terapia antiinflamatdria, tais como o0s
corticosterdides e os AINEs podem ser utilizados com sucesso no tratamento de muitas
doencas, tem havido condicGes especificas em que eles ou ndo sdo eficazes ou podem causar
efeitos colaterais significativos (Rainsford, 2007). Portanto, o desenvolvimento de novos
medicamentos, seguro e eficaz tem um impacto importante na terapia antiinflamatoria, e neste
sentido, a curina administrada oralmente apresentou atividades antialérgicas, antiinflamatérias
e analgésicas muito interessantes. Contudo, embora 0s nossos resultados indiquem que, nas
condicdes testadas, a curina ndo apresenta efeitos toxicos evidentes, uma avaliacdo
toxicoldgica mais aprofundada pode contribuir significativamente para estabelecer a
seguranga do uso desta substancia. Isto inclui a avaliacdo dos efeitos toxicolégicos do
tratamento com a curina a longo prazo, uma vez que os medicamentos antiinflamatorios séo,
muitas vezes, utilizados de forma cronica. Embora alguns alcaloides sejam principalmente
conhecidos por suas propriedades toxicas, isto varia de muito de uma substancia para outra.
Kaneko e colaboradores (1989) demonstraram que os BBA tetrandrina e berbamina, duas
substancias com estruturas quimicas relativamente semelhantes a da curina e cujas
propriedades antiinflamatorias descritas na literatura incluem alguns dos efeitos demonstrados
para a curina no presente trabalho, ndo apresentaram efeitos toxicos significativos quando
utilizados na dose de 75 mg/Kg durante 8 dias por via intraperitoneal. Como demonstramos,
esta dose € quase 100 vezes superior a DEsy da curina para a inibicdo da migracdo de
eosinofilos, corroborando com o0s nossos dados que indicam que a curina exerce efeitos
farmacoldgicos em doses ndo toxicas. Contudo, também € importante que sejam realizados
estudos posteriores que avaliem os efeitos toxicos da curina no sistema cardiovascular, uma
vez que, tendo apresentado efeitos semelhantes aos do verapamil, um farmaco utilizado para o
tratamento da hipertensdo, é fundamental investigar possiveis alteracdes na pressdo arterial de
animais normotensos.

Ainda no que diz respeito a identificagdo dos mecanismos moleculares de acéo da
curina, atualmente o0 nosso grupo tem conduzido alguns experimentos para caracterizar o
efeito da curina na ativacdo de fatores de transcricdo, tais como o NFkB e o NFAT, e de
proteinas quinases que medeiam vias de sinalizacdo importantes tanto na inflamacdo como no
cancer, tais como a ERK, a JNK e a P38. De fato, em dados ndo apresentados neste trabalho,
nos demonstramos que a curina inibiu a proliferacdo de células da linhagem de carcinoma de
célon Caco2 em concentragdes nas quais ela ndo alterou a viabilidade de macréfagos murinos,
indicando que a curina é um candidato interessante para a pesquisa de farmacos com atividade
antitumoral. Em concordancia, tem sido demonstrado que BBAs com atividade

antiinflamatéria também podem apresentar propriedades antitumorais significativas (Liu et
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al., 2008). No6s também estamos preparando um outro manuscrito (ndo incluido neste
trabalho), no qual demonstramos que a curina apresenta uma inibicdo significativa do
scratching behavior (do inglés: comportamento de coceira) que parece estar associado com a
inibicdo da ativacdo de mastdcitos corroborando com os efeitos demonstrados em modelo de
asma alérgica e indicando que os efeitos antialérgicos da curina também podem ser aplicaveis
a outros tipo de doencas alérgicas, incluindo as alergias cutaneas (Garibyan et al., 2013).

Em conclusdo, a curina apresentou efeitos antialérgicos, antiinflamatorios e
analgésicos que estao associados com a inibi¢do da ativagdo de leucédcitos e da produgao de
mediadores inflamatorios, cujos mecanismos envolvem uma inibicdo de uma resposta
dependente de calcio, na auséncia de toxicidade evidente, e portanto tem potencial para o

desenvolvimento de farmacos.
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5. CONCLUSOES

A caracterizacdo dos efeitos antialérgicos da curina em modelo experimental de asma
alérgica indicou que este alcaloide inibe o recrutamento e a ativacdo de eosindfilos in vivo,
bem a como a AHR vias aéreas, cujos mecanismos envolvem a inibicdo da producdo de
eotaxina e IL-13 e a inibicdo do influxo de célcio.

A anélise os efeitos tdxicos induzidos pelo tratamento oral com a curina em doses até
10 vezes superiores a sua DEsg relacionada aos efeitos antialérgicos, demonstrou que nestas
condicdes a curina ndo apresenta efeitos toxicos significativos.

Em adicdo, a andlise dos efeitos antiinflamatorio e analgésico da curina em
camundongos, demonstrou que esta substancia inibe as respostas nociceptivas na fase
inflamatdria, mas ndo inibe a fase neurogénica do teste de formalina, além de inibir a
producdo de PGE, por macrofagos, indicando que os efeitos analgésicos da curina, estdo
associados a mecanismos antiinflamatdrios, que, pelo menos em parte dependem a da inibicéo
de PGE,.

A investigacdo das acOes da curina na ativacdo de macrofagos e no recrutamento de
neutrofilos em modelo experimental de inflamacdo induzida por LPS, revelou que a curina
inibe o recrutamento de neutréfilos e a producdo de mediadores inflamatérios no lavado
pleural, associado com a inibicdo da ativacdo de macrdfagos através de mecanismos que
envolvem a inibicdo da producdo de citocinas pro-inflamatorias, LTB, e NO, que podem ser
dependentes da inibicéo do influxo de Ca?".

Em conclusdo, a curina apresentou efeitos antialérgicos, antiinflamatorios e
analgésicos na auséncia de toxicidade evidente, e portanto tem potencial para o

desenvolvimento de farmacos inovadores.
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Background: Cissampelos sympodialis Eichl. (Menispermaceae) is a plant found in Northeastern and Southeast
of Brazil and hot water infusion of C. sympodialis root bark is largely used in the indigenous and folk medicine
to treat several inflammatory disorders, including asthma. Asthma is a chronic inflammatory allergic disease
characterized by airway hyperreactivity (AHR), eosinophil tissue infiltration and lung remodeling. The aim of
this study was to evaluate the therapeutic effect of C. sympodialis and its isolated alkaloid warifteine on aller-
gen triggered airway hyperreactivity (AHR) and lung remodeling in murine model of asthma.

K ds: . . . - e
Cfsjgzvn(;;eslos sympodialis Methodology/principal findings: The oral pre-treatment with C. sympodialis or warifteine inhibited allergen-
Warifteine induced AHR to inhaled methacholine and IL-13 levels in the bronchoalveolar lavage (BAL). In order to inves-

tigate the therapeutic potential of C. sympodialis and warifteine, animals were treated 1 h after the last oval-
bumin (OVA) challenge in sensitized animals. Similarly to the pre-treatment, post-treatment with warifteine
was effective to inhibit significantly AHR to inhaled methacholine and to reduce IL-13 levels in the BAL. In
addition, oral pre- or post-treatments with C. sympodialis or warifteine reduced OVA-induced eosinophil tis-
sue infiltration, mucus production and subepithelial fibrosis to values similar to nonallergic controls.
Conclusions: Our data show the anti-allergic and immunoregulatory properties of C. sympodialis, acting most-
ly through the active compound warifteine, to inhibit the airway hyperreactivity and lung remodeling
through a mechanism at least partially dependent of IL-13 and eosinophil inhibition. Therefore placing war-
ifteine as an interesting therapeutic candidate in allergic inflammation and corroborating the folk medicine
use of C. sympodialis as anti-allergic plant.

Airway hyperreactivity
Airway remodeling
Interleukin-13

© 2012 Elsevier B.V. All rights reserved.

1. Introduction adverse effects [2,3]. Thus, there is a need for new anti-asthmatic

drug development.

Asthma is a chronic inflammatory disease characterized by eosin-
ophil tissue infiltration, airway hyperreactivity (AHR) and lung remo-
deling [1]. Anti-inflammatory treatment with inhaled glucocorticoid
alone or combined therapy of corticosteroids with long-acting (32-
agonist bronchodilators is the current preconized therapy for asthma.
Although, most asthmatics respond to these treatments, 5-10% of
patients are entirely insensitive to corticosteroids. In addition, some
patients require additional oral glucocorticoids, and long-term use
of corticosteroids has been strongly associated with a number of

* Corresponding authors.
E-mail address: mrpiuvezam@lItf.ufpb.br (M.R. Piuvezam).

1567-5769/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.intimp.2012.03.014

Medicinal plants and their bioactive molecules are alternative
options to conventional therapies for many diseases. Cissampelos
sympodialis Eichl. (Menispermaceae) is a plant species found in
Northeastern and Southeast of Brazil. A hot water infusion of C. sym-
podialis root bark is largely used in the indigenous and folk medicine
to treat several inflammatory disorders, including asthma [4]. Phyto-
chemical analysis of C. sympodialis root extracts leads to isolation of
several alkaloids, of which warifteine has shown pharmacological
effects [5-7]. In order to investigate the effect of C. sympodialis in
immunological responses, previous studies showed that this plant
enhanced IL-10 and IFN-vy levels in spleen cells from allergic mice
and IL-10 levels in macrophage cultures [8,9]. This modulatory effect
of C. sympodialis was correlated with decreased Ig-E production.
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Pertinent to the potential anti-asthmatic effects of C. sympodialis,
recent published data showed that C. sympodialis and warifteine
strongly reduced the eosinophilic inflammation into the bronchoal-
veolar lavage and pleural cavities in ovalbumin (OVA) sensitized
mice [10]. This effect was dependent of cysteinyl leukotrienes gener-
ation and lipid body formation observed in activated eosinophils. C.
sympodialis and warifteine were also capable of inhibiting the gener-
ation of the eosinophil chemoattractant factor, eotaxin. In addition,
recent study showed in an experimental model of respiratory allergy
to Blomia tropicalis which is the most important indoor allergen asso-
ciated with asthma and rhinitis that the hydroalcoolic extract of C.
sympodialis leaves and warifteine significantly reduced eosinophil mi-
gration and modulated Th2 cytokine production inducing IL-5 levels
reduction in the bronchoalveolar lavage, while presenting high levels
of the anti-inflammatory cytokine IL-10 [11].

Among the effects observed on inflammatory leukocytes, mast
cell activation was also modified by warifteine. In vitro studies
showed that warifteine inhibited mast cell degranulation induced
by immunological or pharmacological challenge [12]. In these previ-
ous studies, it was also observed that warifteine decreased the imme-
diate allergic reactions such as anaphylactic shock by IgE dependent
mechanisms and thermal hyperalgesia.

The effects of C. sympodialis and warifteine on airway hyperreac-
tivity and lung tissue pathological changes in OVA-induced allergic
airway disease have not been addressed. The aim of this study was
to evaluate the effectiveness of C. sympodialis on airway hyperactivity
and collagen fibers and mucus production. For this purpose we used
either the standardized hydroalcoholic extract of the C. sympodialis
leaves, as well as, the C. sympodialis-derived alkaloid warifteine in
OVA-induced lung inflammation in actively sensitized mice.

2. Materials and methods
2.1. Preparation of C. sympodialis extract and warifteine purification

Leaves from C. sympodialis were obtained from the Botanical Gar-
den of the Laboratério de Tecnologia Farmacéutica/Universidade Fed-
eral da Paraiba (voucher specimen Agra 1456). The leaves were dried
at 50 °C in an oven and pulverized. The powder was extracted with
70% ethanol in water at 70 °C for 5 days. The dried extract was dis-
solved in water; filtered and known volumes were dried to determine
the final concentration of the water-soluble components. All doses
are expressed in terms of the concentration of the soluble compo-
nents (mg/kg of body weight). The yield was 22% on average, based
on solid residues present [13]. C. sympodialis extract was dissolved
in sterile water immediately before use. The extract used in all exper-
iments described in this paper had a nominal concentration of 0.95%
of warifteine [11].

The extract of C. sympodialis was submitted to procedures aimed
to isolate the alkaloids, using column and thin layer chromatography
(TLC). Briefly, the extract was dissolved in 3% HCI and extracted sev-
eral times with CHCls. The aqueous fraction was basified with NH,OH
to pH 9 and again extracted with CHCls. The CHCl; extract was
washed with H,0, dried (MgSO,4) and the solvent evaporated to af-
ford the total tertiary alkaloid fraction (TTA). The TTA was subjected
to column over alumina, eluting with hexane containing increasing
amounts of CHCl3, CHCl3 with increasing amounts of MeOH and final-
ly with MeOH. The fraction eluted with CHCls;-MeOH (49:1), after
further purification by TLC (1.0 mm layer), yielded the isolation of
the bisbenzylisoquinoline alkaloid warifteine (0.031%). The identifi-
cation of the warifteine was performed by analyzing 1H and 13C
NMR spectral data compared with those published in the literature
(Fig. 1) [11]. Warifteine was quantified in the leaf extract (CsE) by
means of High Performance Liquid Chromatography (HPLC) with
ultraviolet detection and it was calculated at 96.4% pure.

Fig. 1. Structure of warifteine.

2.2. Animals

Female BALB/c mice weighing 16-20 g were used. They were
obtained from Oswaldo Cruz Foundation breeding unit. Animals
were maintained with food and water ad libitum in a room with tem-
perature ranging from 22 to 24 °C and a 12 h light/dark cycle. This
study was carried out in accordance with the recommendations of
the Brazilian National Council of Control of Animal Experimentation
(CONCEA). The protocols were approved by the Animal Welfare Com-
mittee of the Oswaldo Cruz Foundation (CEUA/FIOCRUZ protocol # L-
002/08).

2.3. Asthma model in actively sensitized mice

OVA-induced allergic airway disease was generated in mice as de-
scribed previously [14]. Briefly, mice (n=8) were sensitized with in-
traperitoneal injection of OVA (10 ug/mouse) and Al(OH); (10 mg/
mL) in 0.9% NaCl solution (saline; 0.2 mL) on days 1 and 10. From
day 19 to day 24 after sensitization, mice were challenged daily for
20 min with OVA (5%) in phosphate buffered saline (PBS) by aerosol.
Aerosolized PBS was administered to sensitized mice as a negative
control. These procedures were performed in a 30 x 20 x 10 cm acrylic
chamber and the aerosol was generated with an ultrasonic nebulizer.

2.4. Treatments

To evaluate the effect of C. sympodialis and warifteine in airway
hyperreactivity and lung histopathological changes, mice were trea-
ted 1 h before (pre-treatment) or 1 h after (post-treatment) the last
aerosol OVA challenge. C. sympodialis extract (40 mg/kg), warifteine
(2 mg/kg) or dexamethasone (2 mg/kg) was administered via oral
route (p.o). Of note, the C. sympodialis extract and warifteine doses
were used according to previous reports [9-11].

2.5. Airway hyperreactivity analysis

Airway hyperreactivity (AHR) was analyzed in mice using non-
invasive whole-body plethysmography (Buxco, Sharon, CT) one day
after the last OVA challenge. AHR was measured following aerosoliza-
tion of PBS followed by increasing concentrations of methacholine (0,
6, 25 mg/mL; Sigma-Aldrich) for 2 min into the chamber. AHR was
expressed as an average enhanced pause (Penh). There was an inter-
val of 10 min between each aerosol exposure and within this period
of time the Penh values had returned to baseline.

2.6. Bronchoalveolar lavage (BAL) and quantification of IL-13

Animals were euthanized by CO, and the trachea was surgically
exposed and cannulated at 6 or 24 h after the last allergen challenge.
BAL was collected from the mice by washing the lungs with 1 mL PBS.
Samples of BAL were centrifuged at 500 g for 8 min at 4 °C to obtain
the supernatants. Then levels of IL-13 were measured according to
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the manufacturer’s instructions by the mouse IL-13 DuoSet kit (R&D
Systems).

2.7. Lung histology

Lungs were inflated by injecting 1.0 mL of 4% buffered formalin
through the catheter used to perform BAL. Lungs were then removed,
fixed in the same solution, and embedded in paraffin. Lung sections of
5-um thickness were stained with Sirius red, Mason's trichrome, and
periodic acid-Schiff (PAS) according to standard protocols and exam-
ined under light microscopy. Analysis of tissue sections and captured
images was performed by using a computer-assisted image analyzer
(Image-Pro Plus Version 4.1 for Windows, Media Cybernetics, LP, Sil-
ver Spring, MD, USA). One observer who was unaware of the experi-
mental setting examined all tissue sections randomly. Digital
photographs of at least 10 bronchovascular bundles per tissue section
(with bronchioles cross-sectional diameters ranging from 120 to
250 pm) were obtained under light microscopy at x400 magnifica-
tions. For quantifying eosinophil infiltration of the pulmonary tissue,
the total number of eosinophils was counted in the ten areas, and
the mean was expressed as eosinophils/high power field (HPF).
Mucus secretion from goblet cells of the bronchial epithelium was
quantified by the staining of sections with PAS. Goblet cells were rec-
ognized by the intense dark red staining of their mucus content with
PAS, and their characteristic distended lateral border and basal nucle-
us. The number of goblet cells was expressed as the percentage of
positive cells in at least 500 cells of the bronchial epithelium. The
Mason's trichrome dye was used to stain collagen fibers in tissue.
Density of collagen fibers was defined by the positively stained area
in relation to total tissue in the area of the bronchovascular bundles
per millimeter squared, at a magnification of x 100.
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Fig. 2. Effect of C. sympodialis treatment on airway hyperreactivity (AHR) development
and IL-13 production. OVA-sensitized mice were treated with a single oral dose of
dexamethasone (2 mg/kg) 1 h before, or C. sympodialis extract (40 mg/kg) 1 h before
(pre-) or 1 h after (post-) the last OVA challenge. PBS aerosolized mice were used as
control. (A) AHR was measured by aerosolization of PBS followed by increasing con-
centrations of methacholine. AHR was analyzed 24 h after the last allergic challenge
and expressed as an average enhanced pause (Penh). (B) IL-13 production was mea-
sured in BAL 24 h after the last allergic challenge. Results are expressed as the mean
4+ SEM from at least six animals. *, significantly different from PBS-challenged group
(P<0.05). T, significantly different from allergen-challenged group (P<0.05).

2.8. Statistical analysis

Statistical analysis was carried out using the statistical software SPSS
for Windows (Version 10.0.1, SPSS Inc., 1989-1999, USA) or GraphPad
Prism statistical analysis and graphing software (GraphPad, San Diego,
CA). Data were analyzed by ANOVA followed by Newman Keuls ¢ test
or Dunnett's test. Correlations between the densities of positive cells
and the collagen fibers were assessed using the Spearman rank correla-
tion coefficient. Values are expressed as means + SEM. The level of sig-
nificance was set at P<0.05.

3. Results

3.1. C. sympodialis and its alkaloid warifteine inhibit AHR and IL-13
production

OVA sensitization and airway challenge led to the development of
AHR in mice illustrated by significant increases in Penh values com-
pared with PBS-challenged control mice. As shown in Fig. 2A, the
pre-treatment with C. sympodialis reduced AHR to inhaled methacho-
line (25 mg/mL) observed 24 h after allergen challenge. This effect
was similar to the glucocorticoid dexamethasone a potent anti-
inflammatory drug. The pre-treatment with C. sympodialis derived-
alkaloid warifteine was also effective in blocking AHR (Fig. 3A).

The involvement of IL-13 in AHR development is well described.
OVA-induced allergic airway inflammation leads to elevated levels
of IL-13 when compared to PBS challenged animals (Figs. 2B and
3B). As illustrated in the same figures, OVA-sensitized and challenged
mice pre-treated with either C. sympodialis or warifteine showed a
significant reduction in IL-13 levels, comparable to dexamethasone
treated animals.
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Fig. 3. Effect of warifteine treatment on airway hyperreactivity (AHR) and IL-13 pro-
duction. OVA-sensitized mice were treated with a single oral dose of dexamethasone
(2 mg/kg) 1h before, or warifteine (2 mg/kg) 1h before (pre-) or 1h after (post-)
the last OVA challenge. (A) AHR was measured by aerosolization of PBS followed by in-
creasing concentrations of methacholine. AHR was analyzed 24 h after the last allergic
challenge and expressed as an average enhanced pause (Penh). (B) IL-13 production
was measured in BAL 6 h after the last allergic challenge. Results are expressed as the
mean + SEM from at least six animals. *, significantly different from PBS-challenged
group (P<0.05). T, significantly different from allergen-challenged group (P <0.05).
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In order to investigate the potential therapeutic effect of C. sym-
podialis and its active derivative warifteine, animals were treated
1 h after the last OVA challenge in sensitized animals. Similarly to
the pre-treatment, oral post-treatment with warifteine but not
with C. sympodialis extract (data not shown) was able to inhibit
AHR in a significant manner. In addition, post-treatment with warif-
teine reduced IL-13 BAL levels detected 6h after the last OVA
challenge in the asthma model (Fig. 3B). These data indicate that
C. sympodialis, mostly through the active compound warifteine, is
capable to ameliorate an established inflammatory allergic reaction.

3.2. Effects of C. sympodialis and warifteine in mucus accumulation

The evaluation of airway mucins assessed by PAS staining is shown
in Fig. 4A. The analysis of airway mucins demonstrated a significant
metaplasia of goblet cells and mucus accumulation 24 h after the last
OVA challenge in actively sensitized mice. Oral pre- or post-treatment
with C. sympodialis or pre-treatment with warifteine reduced OVA-
induced mucus accumulation and the percentage of mucus producing
cells to values similar to nonallergic controls (Fig. 4B). Pre-treatment
with dexamethasone showed decreased mucus production as expected.
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Fig. 4. Effects of C. sympodialis and warifteine treatments in airway mucus deposition. Twenty-four hours after the last day of challenge, lungs were inflation-fixed in 4% formalin,
embedded in paraffin, and sectioned. The tissue section slides were stained with periodic acid-Schiff (PAS) for evaluation of airway mucins and number of mucus-producing cells.
OVA-sensitized mice were treated with a single oral dose of dexamethasone or warifteine (2 mg/kg) 1 h before, or C. sympodialis extract (40 mg/kg) 1 h before (pre-) or 1 h after
(post-) the last OVA challenge. PBS aerosolized mice were used as control. (A) Microscopic analysis of stained tissue sections. (B) Quantitative analysis of tissue sections stained
with PAS. Data are representative of two independent experiments (n==6). *, significantly different from PBS-challenged group (P<0.05). , significantly different from

allergen-challenged group (P<0.05).
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3.3. Treatment with C. sympodialis or warifteine inhibits tissue
eosinophil infiltration in OVA-induced airway inflammation

Eosinophil activation and recruitment are hallmarks of allergic
disease and tissue eosinophil infiltration has been associated with
collagen deposition and lung remodeling. The effect of C. sympodia-
lis or warifteine oral treatment on OVA-induced eosinophil tissue
infiltration was investigated. As shown in Fig. 5A, Sirius red stained
lung sections revealed an increased leukocyte infiltration comprised
mostly by a marked perivascular eosinophilia in OVA-challenged
allergic mice when compared to nonallergic mice. Oral pre-
treatment with C. sympodialis or warifteine significantly inhibited

OVA-induced eosinophil tissue infiltration similar to pre-treatment
with dexamethasone (Fig. 5B). Post-treatment with C. sympodialis
extract was also able to significantly inhibit eosinophil tissue infil-
tration observed after 24 h (Fig. 5A and B).

3.4. Inhibition of collagen fiber deposition by C. sympodialis
and warifteine

Airway remodeling is associated with clinical outcomes in asth-
matic patients and contributes to thickening of airway walls leading
to hyperreactivity and narrowing of airways. As shown in Fig. 6A,
OVA induced significant subepithelial fibrosis with collagen fiber
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Fig. 5. Effect of C. sympodialis and warifteine treatment in eosinophil tissue infiltration following OVA-induced allergic airway disease. Twenty-four hours after the last day of chal-
lenge, lungs were inflation-fixed in 4% formalin, embedded in paraffin, and sectioned. The tissue section slides were stained with Sirius red for eosinophil tissue evaluation. OVA-
sensitized mice were treated with a single oral dose of dexamethasone or warifteine (2 mg/kg) 1 h before, or C. sympodialis extract (40 mg/kg) 1 h before (pre-) or 1 h after (post-)
the last OVA challenge. PBS aerosolized mice were used as control. (A) Microscopic analysis of stained tissue sections. (B) Quantitative analysis of tissue sections stained with Sirius
red. ¥, significantly different from PBS-challenged group (P<0.05). *, significantly different from allergen-challenged group (P<0.05).
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Fig. 6. Effects of C. sympodialis and warifteine treatments in collagen fiber deposition. (A) Lung serial sections were embedded in paraffin by routine methods and stained with
Mason's trichrome stain to collagen fiber observations. OVA-sensitized mice were treated with a single oral dose of dexamethasone or warifteine (2 mg/kg) 1 h before or C. sym-
podialis extract (40 mg/kg) 1 h before (pre-) or 1 h after (post-) the last OVA challenge. PBS aerosolized mice were used as control. (A) Microscopic analysis of stained tissue sec-
tions. (B) Quantitative analysis of collagen fiber density was expressed in percentage. (C) Correlation between eosinophil tissue infiltration and collagen fiber deposition and (D)
correlation between eosinophil tissue infiltration and mucus-producing cells. *, significantly different from PBS-challenged group (P<0.05). *, significantly different from allergen-

challenged group (P<0.05).

deposition assessed by Gomoris staining in allergic animals when
compared to nonallergic controls. As observed in Fig. 6A and quanti-
fied in Fig. 6B, oral treatment with C. sympodialis (pre or post) or war-
ifteine (pre) reduced OVA-induced collagen deposition to values
similar to nonallergic controls (Fig. 6A, B). In accordance to a role
for tissue eosinophils in collagen and mucus deposition and lung
remodeling, there is a strong correlation between eosinophil infiltra-
tion and collagen deposition (correlation coefficient of 0.651,
P<0.003) and mucus (correlation coefficient of 0.723, P<0.001) in
the lungs (Fig. 6C, D).

4. Discussion

In this study we evaluate the effect of Cissampelos sympodialis and
its isolated alkaloid warifteine in a murine asthma model. We provide
novel evidence related to the anti-allergic and immunoregulatory
properties of C. sympodialis, acting mostly through the active com-
pound warifteine, to inhibit the airway hyperreactivity and lung
remodeling via a mechanism at least partially dependent of IL-13
and eosinophil inhibition.

In order to test the hypothesis that C. sympodialis has anti-allergic
properties and potential for anti-asthmatic use, the effect of ethanolic
extract of C. sympodialis leaves and its derived-alkaloid warifteine to
prevent or ameliorate AHR and lung remodeling were investigated.
Oral treatment with C. sympodialis 1 h before the last ovalbumin chal-
lenge significantly reduced AHR. Development of AHR depends on
airway inflammation and smooth muscle lung contraction induced
by different stimuli including IL-13, IL-4 and cysteinyl leukotrienes
[15-17]. Accumulating evidence has placed IL-13 as a key mediator
of AHR due to the protective effect demonstrated by different strate-
gies of disruption of IL-13 production and/or effects [16]. To gain in-
sights on the mechanism of action of C. sympodialis its role in IL-13
production was analyzed. In parallel to the AHR inhibition, we ob-
served a reduced level of IL-13 in bronchoalveolar lavage of orally
treated with C. sympodialis and challenged mice. Thus suggesting
that, at least in part, the mechanism involved in C. sympodialis inhib-
itory effect on OVA-induced AHR may occur through inhibition of IL-
13 production. In order to investigate candidate compounds to anti-
asthmatic effect from C. sympodialis the isolation of one bisbenzyliso-
quinoline alkaloid warifteine was performed [6]. Similar to the one
observed with C. sympodialis, oral treatment with warifteine inhibited
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allergen-induced AHR and IL-13 production, suggesting that warif-
teine represents the main active component responsible for the ef-
fects of C. sympodialis. However, other constituents mainly alkaloids
such as methylwarifteine, milonine and roraimine may also contrib-
ute to the anti-allergic effects of C. sympodialis extract.

Of note, warifteine also has an additional property that may ex-
plain its inhibitory effects on AHR. Previous in vitro and in vivo studies
demonstrated direct spasmolytic effects and tracheal muscle contrac-
tion inhibition of warifteine [6,7,13,15]. In addition, warifteine treat-
ment was very effective impairing in vivo lipid body biogenesis and
BAL levels of LTC,4 [10] which is produced within eosinophil lipid bod-
ies recruited to BAL in the asthma model [18].

As key components in asthma, lung eosinophils influx during in-
flammatory response has been demonstrated as important players
of progressive tissue damage and lung remodeling [19-21]. Eosino-
phils are multifunctional leukocytes capable of producing immuno-
regulatory cytokines and lipid mediators and are actively involved
in allergic disease through regulation of Th2-type immune responses
[22]. C. sympodialis and warifteine also significantly reduced the eo-
sinophil influx into the lung tissue of OVA-induced allergic inflamma-
tory disease in mice. Accordingly, we have showed that C. sympodialis
and its isolated alkaloid warifteine reduced eosinophil recruitment
and activation in broncoalveolar lavage as well as into pleural cavity
of OVA sensitized mice in part through mechanisms dependent of
eotaxin [10].

Allergic lung inflammation also induces changes in tissue pheno-
type named hyperplasia of goblet cells leading to excessive mucus
production causing airway obstruction [23] and collagen deposition
leading to remodeling of the airways. An array of molecules might
trigger mucus production but IL-13 has been mentioned as a pivotal
stimulus [24]. Mice orally treated with C. sympodialis and warifteine
showed a diminished mucus production in lung tissue. Airway remo-
deling is characterized by altered composition, content, and organiza-
tion of cellular and molecular constituents of the airway wall [1]. Oral
treatment with C. sympodialis also preserved structural components
of lung tissue such as airway smooth muscle (ASM) mass, distance
between epithelium and ASM cells, proliferation of blood vessels, air-
way edema, goblet cell numbers, collagen fiber deposition and mucus
production. Deposition of collagen fibers and mucus has been de-
scribed as airway change able to cause narrowing of airway, rigidness,
loss of elastic recoil and reversible obstruction [1]. C. sympodialis and
warifteine reduced collagen fiber deposition and mucus in lung tis-
sue. These data correlated to decrease of eosinophil numbers in the
tissue. Previous studies related that different stimuli can initiate air-
way remodeling before the appearance of asthma symptoms suggest-
ing remodeling as contributive phenomena to lung inflammation and
AHR development, and there is compelling evidence that tissue eosin-
ophil accumulation contributes to lung remodeling in OVA-induced
airway allergic disease since animals genetically ablated in eosino-
phils were significantly protected from peribronchiolar collagen de-
position and increases in airway smooth muscle [25].

In this work we demonstrated for the first time that C. sympodialis
and its isolated alkaloid warifteine inhibits airway hyperreactivity
and lung remodeling known as the main asthma features and we pro-
vide evidence that the protective effect occurs partially by an IL-13
dependent mechanism. These findings, together with previous re-
ports of this plant and warifteine inhibiting anaphylactic shock reac-
tion in OVA sensitized mice, allergic pleurisy and pulmonary
inflammation; suggest their therapeutic potential as anti-allergic
and anti-asthmatic [9,26,10]. This alkaloid also reduced mast cell
degranulation and hyperalgesia response in rats [12]. Of interest for
potential therapeutic applications, both C. sympodialis extract and pu-
rified warifteine showed unique post-treatment properties via oral
administration maintaining the anti-allergic inhibition of AHR, IL-13
production and lung eosinophil infiltration even when administered
after the installed allergic process.

5. Conclusion

Indigenous and other people living in non-developed countries
use C. sympodialis as a preventive method to asthma condition. Our
data corroborate the folk anti-allergic medicine use of C. sympodialis.
In addition, our findings indicate that the anti-allergic and immuno-
regulatory properties of C. sympodialis occur mostly through the ac-
tive compound warifteine, to inhibit the airway hyperreactivity and
lung remodeling through a mechanism at least partially dependent
of IL-13 and eosinophil inhibition. Therefore, warifteine is suggested
as an interesting therapeutic candidate in allergic inflammation.
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Glossary

CS: Cissampelos sympodialis
DEX: Dexamethasone

WAR: Warifteine

OVA: Ovalbumin

AHR: Airway hyperreactivity
IL-13: Interleukin-13

Penh: Enhanced pause

BAL: Bronchoalveolar lavage
PAS: Periodic acid-Schiff

PBS: Phosphate buffered saline
Pre/Post: Pre-treatment/Post-treatment
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