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RESUMO

Dissertacao de Mestrado
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Universidade Federal de Santa Maria, RS, Brasil

CARACTERIZACAO DO ESTEROIDE a-ESPINASTEROL COMO UM NOVO
ANTAGONISTA DO RECEPTOR TRPV1 COM EFEITO ANTINOCICEPTIVO

Autor: Gabriela Trevisan dos Santos
Orientador: Juliano Ferreira
Data e Local da defesa: Santa Maria, 1 de Setembro de 2011.

O receptor de potencial transitorio vanildide 1 (TRPV1) é relevante para a
percepcao de estimulos nocivos e tem sido estudado como um alvo terapéutico para
o desenvolvimento de novos analgésicos. O objetivo deste estudo foi desenvolver
uma triagem in vivo e in vitro para caracterizar novos antagonistas do receptor
TRPV1 isolados das folhas de Vernonia Tweedieana Baker, uma planta medicinal,
com atividade antinociceptiva em camundongos. Todas as fragbes e o extrato
hidroalcolico apresentaram efeito antinociceptivo no teste da capsaicina, sendo que
a fragédo diclorometano (Dcm) também mostrou efeito antiedematogénico. Entre os
compostos isolados da fragdo Dcm, apenas o a-espinasterol reduziu a nocicepgéo e
o edema induzidos pela injecdo intraplantar de capsaicina. Além disso, 0 a-
espinasterol foi capaz de deslocar o radioligante [*H]-resiniferatoxina, e também de
diminuir o influxo de calcio estimulado pela capsaicina. A fracdo Dcm e o composto
a-espinasterol apresentaram efeito anti-hiperalgésico na nocicepg¢éo induzida por
estimulo térmico, mas n&o induzida por estimulo mecénico em animais sem injuria.
Porém, o composto a-espinasterol ndo apresentou atividade antinociceptiva em
animais pré-tratados sistemicamente com resiniferatoxina. Este composto e a fragéo
Dcm foram capazes de reduzir a hiperalgesia mecanica e térmica, e também o
edema induzidos por adjuvante completo de Freund. A fragdo Dcm e o a-
espinasterol ndo foram capazes de induzir alteragdo na temperatura corporal ou
atividade locomotora. Também, o a-espinasterol mostrou boa absor¢ao por via oral,
e alta penetragdo no cérebro e na medula espinhal de camundongos. Assim, o a-
espinasterol, isolado da fracdo Dcm, age como um antagonista do receptor TRPV1
com eficaz efeito antinociceptivo, sem inducéo de efeitos adversos.

Palavras-chave: Esteréide; TRPV1; capsaicina; vaniléide; antinocicepcao; Vernonia.
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CHARACTERIZATION OF THE PLANT STEROID a-SPINASTEROL AS A NOVEL
TRANSIENT RECEPTOR POTENTIAL VANILLOID 1 ANTAGONIST WITH
ANTINOCICEPTIVE EFFECT

Author: Gabriela Trevisan dos Santos
Advisor: Juliano Ferreira
Place and date: Santa Maria, September 1%, 2011.

The transient receptor potential vanilloid 1 (TRPV1) is relevant to the
perception of noxious information and has been studied as a therapeutic target for
the development of new analgesics. The goal of this study was to perform in vivo and
in vitro screens to identify novel, efficacious, and safe TRPV1 antagonists isolated
from leaves of the medicinal plant Vernonia tweedieana Baker. All of the fractions
and the hydroalcoholic extract produced antinociception in mice during the capsaicin
test, but the dichloromethane fraction (Dcm) also had antioedematogenic effect.
Among the compounds isolated from the Dcm fraction, only a-spinasterol reduced
the nociception and oedema induced by capsaicin injection. Moreover, a-spinasterol
demonstrated good oral absorption and high penetration into the brain and spinal
cord of mice. Besides, a-spinasterol was able to displace [*H]-resiniferatoxin (RTX)
binding and diminish calcium (Ca®") influx mediated by capsaicin. Orally
administration of the Dcm fraction and a-spinasterol also produced antinociceptive
effect in the noxious heat-induced nociception test; however, they did not change the
mechanical threshold of naive mice. The treatment with a-spinasterol did not produce
antinociceptive effect in mice systemically pre-treated with RTX. In addition, a-
spinasterol and the Dcm fraction also reduced the oedema, mechanical and heat
hyperalgesia elicited by complete Freund’s adjuvant (CFA) paw injection. The Dcm
fraction and a-spinasterol did not affect body temperature or locomotor activity. In
conclusion, a-spinasterol is an efficacious and safe antagonist of the TRPV1 receptor
with antinociceptive effect.

Key words: Steroid; TRPV1; capsaicin; vanilloid; antinociception; Vernonia.
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Apresentagcao 2

Os resultados que fazem parte desta dissertacao estdo apresentados sob a
forma de artigo, o qual se encontra no item Artigo. As se¢cdes Materiais e métodos e
Resultados, encontram-se no proprio artigo.

Os itens Discussao, Conclusoes e Referéncias bibliograficas encontram-se no
final desta dissertacao.

As Referéncias bibliograficas referem-se somente as citagdes que aparecem
nos itens Introducdo, Revisdo de literatura e Discussao desta dissertagéo.

O artigo esta estruturado de acordo com as normas da revista cientifica
Biochemical Pharmacology a qual sera submetido.

O artigo que foi anexado a esta dissertagcao e ja foi publicado encontra-se no
apéndice no final desta dissertacao.
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O receptor de potencial transitério vaniléide do tipo 1 (TRPV1) € um membro
da superfamilia de canais ibnicos denominada de receptores de potencial transitério
(TRP) (Caterina et al., 1997). Este receptor é constituido por seis dominios
transmembrana, formando, entdo, um canal catibnico nado seletivo expresso
principalmente no sistema nervoso; no entanto, também €& encontrado em tecidos
ndao neuronais (Jara-Oseguera et al., 2008). O receptor TRPV1 é geralmente
expresso em fibras sensoriais C e Ad, sendo assim importante para a detecgédo de
estimulos nocivos (Szalassi et al., 2007). Este canal pode ser ativado por
substancias exdgenas como a capsaicina (composto pungente da pimenta
vermelha) e resiniferatoxina (isolada da Euphorbia resinifera), por agentes
inflamatorios enddgenos, e também por calor nocivo (>43°C) (Jara-Oseguera et al.,
2008; Schumacher, 2010).

Sendo o receptor TRPV1 um relevante sensor de estimulos nocivos, que
pode ser sensibilizado por diversos mecanismos, incluindo por mediadores
inflamatorios, este canal é relacionado a diferentes patologias dolorosas (dor
inflamatoria, visceral, neuropatica e relacionada ao cancer) (Jara-Oseguera et al.,
2008; Adcok, 2009; Patapoutian et al., 2009). Dessa maneira, este receptor tem sido
estudado como um alvo potencial para o desenvolvimento de novos analgésicos,
sendo que ja existem diversos antagonistas em fase clinica de estudo (Levine e
Alessandri-Haber, 2007; Wong e Gavva, 2009).

Os antagonistas seletivos do receptor TRPV1 induzem efeitos anti-
hiperalgésicos em modelos de nocicep¢cao em animais e em humanos (Rami et al.,
2006; Chizh et al.,, 2007; Lehto et al., 2008). Entretanto, um importante efeito
adverso relacionado aos antagonistas do receptor TRPV1 é o desenvolvimento de
hipertermia severa, como descrito para o composto AMG-517 (Gavva et al., 2008).
Assim, a identificacdo de novos antagonistas do receptor TRPV1 que ndo promovam
o desenvolvimento de hipertermia seria interessante, sendo estes alvos promissores

como novos agentes analgésicos (Wong e Gavva, 2009).

Uma das fontes que poderia ser explorada para a descoberta de novos
antagonistas do receptor TRPV1 seriam os produtos naturais. E descrito que os
compostos isolados de plantas sao considerados como um alvo relevante para a

descoberta de novas drogas, incluindo compostos analgésicos (Calixto et al., 2000;



Introducéo 9

Calixto et al.,, 2005; Koehn e Carter, 2005). Além disso, diversos compostos
derivados de produtos naturais que sdo capazes de modular o receptor TRPV1,
como a capsaicina, podem ser usados no tratamento da dor e de sintomas
relacionados as doencas respiratérias (Corson e Crews, 2007; Adcock, 2009;
Schumacher, 2010). E também, compostos isolados de plantas ja foram
caracterizados como potentes antagonistas do receptor TRPV1 com atividade
antinociceptiva (Neacsu et al., 2010; Rossato et al., 2011). Dessa forma, o
desenvolvimento de novos antagonistas do receptor TRPV1, a partir de produtos
naturais, pode ser uma fonte Util para a descoberta de analgésicos mais eficazes e

seguros.

A espécie Vernonia tweedieana Baker, popularmente conhecida no Brasil
como “assa-peixe”, é uma planta herbacea distribuida nas planicies do Paraguai,
Argentina e sul do Brasil (Zanon et al., 2008) e suas folhas s&o usadas na medicina
tradicional para o tratamento de doencas respiratorias (Zanon et al., 2008). Sabe-se
que diversas espécies do género Vernonia ja foram identificadas como tendo
atividade antinociceptiva e antiinflamatéria (Frutuoso et al., 1994; Gupta et al., 2003;
Iwalewa, 2003; Mazumder et al., 2003; Njan et al., 2008; Risso et al., 2010).

A anadlise quimica prévia da fracdo diclorometano extraida do extrato bruto
hidroalcdlico das folhas de Vernonia tweedieana levou ao isolamento de a-amirina,
B-amirina, lupeol, estigmasterol e a-espinasterol (Figura 1) (Zanon et al., 2008).
Como parte do objetivo do grupo que desenvolve a presente pesquisa € encontrar
novos compostos isolados de produtos naturais que possam agir como antagonistas
do receptor TRPV1 sem indugao de hipertermia, foi realizada um triagem in vivo e in
vitro para identificar novos ligantes do receptor TRPV1 isolados a partir da planta V.

tweedieana com atividade antinociceptiva.



Introducéo 6
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Figura 1. Imagem ilustrando a planta Vernonia Tweediana Baker e os compostos isolados da fragéo
diclorometano proveniente das folhas.
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3.1. Objetivo geral

Desenvolver uma triagem in vivo e in vitro para caracterizar novos antagonistas
do receptor TRPV1 isolados das folhas de Vernonia Tweedieana Baker com

atividade antinociceptiva.
3.2. Objetivos especificos

- Averiguar, a partir de triagem in vivo, se o extrato bruto, fracées e compostos
isolados das folhas de Vernonia Tweedieana Baker previniriam a nocicepgéo e o
edema induzidos pela administracao intraplantar de capsaicina em camundongos;

- Investigar, a partir de triagem in vitro, se a fracdo diclorometano e
compostos isolados desta fragdo seriam capazes de deslocar a unidao especifica da
[®H]-resiniferatoxina em fragées de membrana de medula espinhal de camundongos;

- Avaliar se o composto a-espinasterol inibiria o influxo de célcio estimulado

por capsaicina em frac¢do rica de sinaptossomas in vitro;

- Averiguar se o a-espinasterol e a fragdo diclorometano apresentariam efeito

antinociceptivo apds a aplicagdo de estimulo nocivo térmico e mecanico;

- Avaliar se o pré-tratamento sistémico com resiniferatoxina previniria o efeito
antinociceptivo do composto a-espinasterol apds a aplicacdo de estimulo nocivo

térmico;

- Verificar se o composto a-espinasterol e a fracdo diclorometano
apresentariam efeito anti-hiperalgésico e antiedematogénico em um modelo de dor

inflamatéria;

- Determinar a concentracao plasmatica, cerebral e espinhal do composto a-
espinasterol em camundongos através de dosagem por cromatografia liquida de alta

eficiéncia;

- Avaliar se 0 composto a-espinasterol e a fracao diclorometano promoveriam

alteracdes na atividade locomotora e na temperatura corporal em camundongos.
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4.1. Dor e nocicepcao

A dor € um importante problema de saude, sendo uma razdo muito comum
para a procura por cuidados médicos e uso de farmacos. Além disso, é estimado
que 80% da populagdo mundial tem acesso limitado a medicamentos para
tratamento da dor moderada a severa (Bassols et al., 2002; Fishman, 2007; Lohman
et al.,, 2010). Assim, tratamento correto da dor ainda é considerado um desafio
terapéutico, tanto em paises desenvolvidos como em desenvolvimento, e a falha
deste tratamento poderia ser interpretada como uma revogagcdo de um direito
humano (Brennan et al., 2006; Lohman et al., 2010).

A dor gera um profundo impacto na qualidade de vida dos pacientes, levando
a consequéncias tanto em nivel fisiologico (aumento de complicagcbes pos-
operatorias, desenvolvimento de dor crbnica), psicolégico (aparecimento de
transtornos psiquiatricos como depressado e ansiedade), social (menor capacidade
de trabalho levando ao desemprego e menor renda familiar e interagao social) e
econdmico (diminuicdo da capacidade de trabalho, gastos com cuidados médicos e
medicamentos) (Brennan et al.,, 2006). Assim, o tratamento adequado da dor
principalmente crénica, levaria a uma melhora na qualidade de vida dos pacientes.

De acordo com a Associacao Internacional para o Estudo da Dor (IASP), a
dor pode ser definida como “uma experiéncia sensorial e emocional desagradavel
associada a lesdo tecidual real ou potencial, ou ainda descrita em termos que
sugerem tal lesdo”. Sendo assim, a sua percepgdo é complexa e nao envolve
apenas a transmissao de um estimulo nocivo, mas também processos emocionais e
cognitivos, a dor entdo pode ser dita como um fenémeno subjetivo. O termo
nocicepcao deve ser entendido como o0s processos neurais de codificacdo e
processamento de estimulos nocivos, os quais podem se estabelecer sem que
ocorra dor ou vice-versa, mas geralmente aparecem associados a patologias

dolorosas (Loeser e Treede, 2008).

Para que um determinado estimulo nociceptivo desencadeie uma resposta
dolorosa € necessério que nociceptores localizados na periferia sejam ativados por
estimulos mecanicos, térmicos ou quimicos. Os nociceptores sdo terminagdes livres
periféricas de axdnios provenientes de neurbnios nociceptivos, que apresentam seu

corpo celular nos ganglios da raiz dorsal (GRD) para o corpo, no ganglio nodoso e
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vagal para as visceras e no ganglio do trigémio (GT) para a face. Estes neurdnios
possuem terminacdes tanto periféricas (6rgao inervado) como centrais (medula
espinhal e tronco cerebral). Existem dois tipos principais de neurbnios nociceptivos:
fibras do tipo Ad, que sao neurdnios mielinizados de médio didmetro, e fibras C, que
sdo de pequeno didmetro e nao mielinizadas; estas diferem tanto no perfil de
receptores expressos na membrana, na velocidade de condugdo e também na

classe de estimulo doloroso conduzido.

Quando um determinado estimulo é capaz de ativar um nociceptor, gerando
um potencial de agéo, este é transmitido ao corno dorsal da medula (principalmente
laminas I, Il e V) onde ocorre a liberagdo de neurotransmissores excitatorios
(principalmente glutamato e substancia P). Uma vez realizado este processo, é
possivel que ocorra a geragdo de uma resposta reflexa a esta estimulagéo nociva,
com o intuito de afastar o membro afetado da fonte de estimulo, ativando, entdo, um
neurdnio motor reflexo. Além disso, ocorrera ativacdo de um neurdnio de segunda
ordem sensorial e este sinal é, entdo, enviado a centros supra-espinhais, como
talamo, amigdala e cértex frontal, onde estes estimulos serdo devidamente
reconhecidos e discriminados como dolorosos (Meyer et al., 2008; Basbaum e Nilius,
2009).

A sensacado de dor alerta para uma real ou provavel lesdo, e desencadeia
respostas apropriadas para proteger o organismo. Dessa forma, a dor
eminentemente aguda (nociceptiva) possui grande valor adaptativo relacionado a
sobrevivéncia do organismo lesado (Basbaum e Nilius, 2009; Woolf, 2010).
Normalmente, apds a resolugdo da lesédo, a dor deixa de existir, entretanto, se a
lesao persistir ou caso ocorra modificacao de vias de modulacédo da dor, a dor que
antes funcionaria apenas como um sinal de alerta ao organismo se torna um sintoma

debilitante e crénico, como na dor patoldgica (Scholz e Woolf, 2002; Woolf, 2010).

Dessa maneira, as alteracbes na conducdo dolorosa podem levar a
hipersensibilidade, o que pode ser visto como uma extensado do processo natural de
cura onde a area sensivel € assim resguardada, como ocorre na dor inflamatéria, ou
ainda pode ser observado em patologias crénicas dolorosas onde a dor persiste
mesmo apos a cura da injuria tecidual. Assim, pode ser observado nos pacientes o

aparecimento de dor a estimulos antes inbécuos, como um leve toque, (dor a
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estimulos ndo nociceptivos denominada alodinia), ou ainda, ocorre a percepcao
exarcebada da dor a estimulos dolorosos (hiperalgesia) e também aparecimento de

dor espontanea.

Estes sintomas clinicos podem ser mantidos a nivel molecular tanto por
mecanismos periféricos como centrais e estdo associados ao processo de
sensibilizacdo. Este fenbmeno pode causar um aumento na resposta de neurdnios
nociceptivos a estimulos supra-limiares, ou ainda, resposta a estimulos abaixo do
limiar de ativacdo destes. E podem, também, ocorrer descargas espontaneas e
aumento do campo receptivo dos nociceptores (Loeser e Treede, 2008; Basbaum e
Nilius, 2009; Woolf, 2010).

Existem diferentes alvos moleculares que estao envolvidos na transdugao de
estimulos dolorosos de acordo com patologia dolorosa estudada, e podem assim ser
explorados como elementos importantes para a descoberta de novos analgésicos.
Dentre estes, um relevante alvo para a descoberta de novos analgésicos é o
receptor de potencial transitério do tipo 1 (TRPV1) (Scholz e Woolf, 2002; Burguess
e Williams, 2010).

4.2. Receptores de potencial transitério — TRP

Os canais ibnicos sao de importancia primordial para a sobrevivéncia e
funcdo adequada das células (Minke, 2010). A superfamilia de receptores de
potencial transitério (TRP) é uma das maiores subfamilias de canais i6nicos
conhecida, possuindo uma grande variedade de func¢des biolégicas € mecanismos
de ativacao descritos. Estes receptores representam uma nova familia de canais
ibnicos permeaveis a cations, sendo que mais de 50 membros ja foram
caracterizados apresentando uma ampla distribuicéo filogenética (Vriens et al., 2009;
Minke, 2010).

A primeira descoberta relativa a superfamilia TRP ocorreu em 1969 quando
Cosens e Manning identificaram uma variedade mutante espontanea de Drosophila
melanogaster. Devido a seu fendtipo comportamental, estas ficavam cegas quando
colocadas sobre intensa iluminagcdo. Analisando seu sistema visual, foi observado

que a mosca com fendtipo mutante apresentava respostas no eletroretinograma
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transitorias a estimulagao luminosa intensa e prolongada, enquanto que o fenétipo
normal apresentava uma resposta continua. Assim, a denominacao de receptor de
potencial transitério (TRP) foi designada ao fotoceptor desta variante mutante devido
a resposta transitoria a partir de estimulo com luz intensa (Minke et al., 1975).
Posteriormente, TRP foi a nomenclatura adotada para designar a superfamilia de
canais ibnicos de potencial transitério (Montell et al., 2002).

Em 1985, Montell e colaboradores isolaram pela primeira vez a por¢do de
DNA que continha o gene trp, e apos, este gene foi clonado e sequénciado, assim a
proteina relacionada ao gene trp foi descrita como contendo 1275 aminodacidos e
oito segmentos transmembrana (Montell e Rubin, 1989; Wong et al., 1989). Em
seguida, foi observado que o receptor TRP era um canal permeavel a calcio e que a
inibicdo destes canais usando La®*" criava um fenétipo igual a mutacdo observada
em Drosophila melanogaster, € que 0 mesmo nao era expresso no tipo mutante
(Suss Toby et al., 1991, Hardie e Minke, 1992).

E descrito que além do receptor TRP outra proteina designada como TRP-like
(TRPL) também € importante para a detec¢do do estimulo luminoso e é encontrada
no sistema visual da espécie Drosophila. Este receptor TRPL possui homologia com
o canal TRP, e apresenta dois locais de ligacdo para a calmodulina na regiao
carboxi terminal, e, além disso, também possui repeticbes do tipo anquirina na
regidao amino terminal (Phillips et al., 1992). Foi, ainda, observado que esta proteina
(TRPL) apresentava homologia com a regiao do sensor de voltagem de alguns
canais de caélcio, indicando que este gene codificaria subunidades de um canal
permeavel a célcio (Phillips et al., 1992, para revisao Minke, 2010).

A primeira descricdo de que proteinas relacionadas a familia TRP poderiam
ser encontradas em sistemas biolégicos diferentes dos encontrados em
fotoreceptores da espécie Drosophila foi no estudo de Petersen e colaboradores
(1995), no qual foram identificadas sequéncias parciais homoélogas a proteina TRP
em oocitos de Xenopus e também em cérebro camundongos. Posteriormente, a
sequéncia completa de uma proteina homéloga ao TRP foi identificada em
humanos, e este foi denominado TRPC1 (canbnico) (Wes et al., 1995; Zhu et al.,
1995). Subsequentemente, diversos grupos de pesquisa clonaram e sequenciaram
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diversas outras subfamilias dos canais TRP, independente do receptor TRP e TRPL

observado na Drosophila.

Os receptores da superfamilia TRP sdo essencialmente classificados de
acordo com a sequéncia primaria de aminodacidos, pois a classificagdo a partir de
seletividade ou afinidade por ligantes seria complicada devido as propriedades
heterogéneas de ativacdo e aos diversos mecanismos de regulagdo. J& foram
identificados 28 canais do da classe TRP em mamiferos, e estes podem ser
classificados em 6 subfamilias denominadas: TRPV (vaniléide), TRPC (canénico),
TRPM (melastatina), TRPP (policistina), TRPML (mucolipina) e TRPA (anquirina). A
familia TRPN (n&o sensivel a estimulo mecéanico) ndao pode ser encontrada em
mamiferos (Figura 2) (Vriens et al., 2009, Minke, 2010; Wu et al., 2010).

Mamiferos
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Figura 2. Diviséo filogenética das subfamilias dos canais TRP. Adaptado de Minke et al., (2010).
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A estrutura molecular destes canais compreende seis dominios
transmembrana (S1-S6), sendo que a regido formadora do poro estd localizada
entre os segmentos S5 e S6, ainda as regides amino e carboxi terminais estao
localizadas intracelularmente possuindo comprimentos variaveis (Figura 3). Sao
necessdarias quatro subunidades para formar um canal funcional heterélogo ou
homologo. Estes canais, mesmo tendo relagdes estruturais com os canais sensiveis
a voltagem e mesmo que alguns subtipos ainda possuam ativacdo voltagem
dependentes, ndo possuem um sensor de voltagem na sua estrutura (Montell, 2005;
Minke, 2010).

TRPC TRPV TRPM TRPA TRPN
TRPC1 TRPV1 TRPA1 TRPN1

4+ +++ +++ +++ s +++ R

Citoplasma N

A e N c
A 4+ Y] Baad +4++ Dominio 4 +4++ 44+ +44

A uinase
A N # N

A

Figura 3. Representagao espacial da estrutura das diferentes familias de receptores TRP. Adaptado
de Montell (2005).

A regido carboxi-terminal apresenta variacdo dentre os diferentes tipos de
canais TRP, sendo que nas subfamilias TRPC, TRPN e TRPM existe uma regido
conservada de 23 a 25 aminoacidos, denominada dominio TRP, sendo utilizada
como marcador para o rastreamento destes canais. Além disso, alguns canais ainda
apresentam sitio de ligacdo para calmodulina, como no receptor TRPV1, ou
dominios enzimdticos, como nos receptores TRPMs na regido carboxi-terminal (Zhu,
2005, Venkatachalam e Montell, 2007). A regido amino-terminal apresenta-se
formada por uma série de repeticbes de anquirina na maioria dos canais TRPs,
sendo que os canais TRPMs nao apresentam este tipo de repeticdo. Estas
repeticdes formam uma superficie estavel e rigida para o acoplamento de diversas

proteinas ao receptor, e ainda servem como ancoras para o transito do receptor de
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vesiculas até a membrana plasmatica, e também para a sua estabilizacdo com a
mesma e o citoesqueleto celular (Montell, 2005; Venkatachalam e Montell, 2007). Os
canais TRP sao nao seletivos ao influxo de cations, com excecao dos canais TRPM4
e TRPM5 que sao seletivos a permeacao de cations monovalentes e os canais
TRPV4 e TRPV5 que séo seletivos ao influxo de calcio (Clapham, 2003).

A maioria dos receptores TRPs sdo polimodais, ativados ou regulados por
diversos mecanismos, sendo entdo descritos como sensores fisioldgicos a estimulos
externos e internos, sejam estimulos térmicos, quimicos (variagcbes de pH e
osmolaridade), sonoros, mecanicos, luminosos ou ainda ativagdo por ligantes
(Clapham, 2003; Nilius et al., 2007; Venkatachalam e Montell, 2007; Minke, 2010).
Além disso, € descrito o envolvimento dos canais TRPs em varios outros processos
fisiologicos e também em fungdes celulares como adesdo, crescimento e

diferenciagao celular (Minke, 2010).

Devido ao envolvimento dos canais TRP em diversos processos fisioldgicos,
séo descritas inumeras doengas em humanos relacionadas a deficiéncia e disfuncéo

destes canais (Levine e Alessandrini-Haber, 2007; Nilius et al., 2007).

4.3. Receptor de potencial transitério vaniléide 1 — TRPV1

4.3.1. Caracterizacao historica

Os produtos naturais contendo compostos capazes de ativar o receptor
TRPV1 sdo utilizados hd milhares de anos por diversas civilizagbes (Calixto et al.,
2005; Schumacher, 2010). Hoje, ja é descrito que a capsaicina (presente em
espécies de Capsicum) e a resiniferatoxina (presente na Euphorbia resinifera),
substancias pungentes isoladas de plantas, sdo capazes de ativar este receptor
expresso em fibras sensoriais e promover o influxo de cations (principalmente célcio)
(Calixto et al., 2005). A capsaicina € o principio pungente da pimenta vermelha
(Capsicum sp.), e esta planta ja era utilizada desde 7.000 a.c., porém teve seu uso
disseminado na Europa para a culinaria e também para uso medicinal a partir de
1400 d.c. (Calixto et al., 2005; Schumacher, 2010).

Existem aproximadamente 20 espécies de Capsicum (Solanaceae), sendo

que apenas cinco espécies sao cultivaveis: Capsicum annuum, Capsicum
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frutescens, Capsicum chinese, Capsicum pendulum e Capsicum pubescens (Szallasi
e Blumberg, 1999). O uso popular deste género € principalmente para o tratamento
de dor, o reumatismo e 0 aumento do apetite, sendo que é também descrito o0 uso
da mesma para tosse e bonquite (Szallasi e Blumberg, 1999; Corson e Crews,
2007).

Classicamente, sabe-se que o extrato da pimenta vermelha, quando aplicado
topicamente na pele, provoca vermelhiddao, edema e dor, muitas vezes descrita
como queimacgao. Além desses aspectos negativos, aplicacdes repetidas desse
extrato levavam a perda de sensibilidade dolorosa, o que muitas vezes culminou na
aplicacao do extrato como tratamento para diferentes tipos de dores, principalmente
de origem neuropatica (Calixto et al., 2005; Schumacher, 2010). O principio
pungente deste extrato foi apenas isolado em 1846 por Thresh e denominado
capsaicina apés a elucidacado da estrutura quimica deste composto, descrita como
trans-8-metil-N-vanilil-6-noneamida (Nelson, 1919, Para revisdo do histérico de uso
da capsaicina ver Calixto et al., 2005) (Figura 4).

Porém, mesmo com a descricdo de que a capsaicina e os extratos da pimenta
vermelha poderiam ser utilizados para o alivio da dor (Turnbull, 1850), apenas em
1949 os estudos relativos a esta substédncia e seu provavel receptor foram
retomados (Jancsé e Jancsé-Gabor, 1949). Assim, pesquisas demostraram as
respostas fisiolégicas causadas pela administracdo de capsaicina na pele de
humanos, como o desenvolvimento de dor em queimacdo e vasodilatacdo. Esse
fendbmeno foi seguido pelo desenvolvimento rapido de um estado refratério,
denominado dessensibilizacdo, onde a pele tratada apresentava-se relativamente
resistente, ndo somente a capsaicina, mas também a outros agentes quimicos
irritantes e ao calor nocivo (Jancso6 e Jancsé-Gabor, 1949; Jancso, 1955). Também,
foi descrito que a administracdo de capsaicina era capaz de causar a degeneragao
de fibras sensoriais especificas (fibras de pequeno didmetro) quando administrada a
animais adultos e em neonatos, e isso levava a um efeito analgésico (Jancso et al.,
1977; Holzer, 1991). Entdo a dor, a desensibilizacdo e a degeneragcéo causada pela
capsaicina foram atribuidas a estimulacdo de uma classe especifica de fibras
sensoriais que também eram ativadas por calor nocivo e irritantes quimicos (Jancsoé
et al., 1977; Holzer, 1991).

Ja que a capsaicina apresentava seletividade por determinadas classes de

neurdnios sensoriais, estes deveriam expressar um receptor especifico sensivel a
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esta substancia (Szolcsanyi e Jancsé-Gabor, 1975). A partir dessa proposta, varios
experimentos foram realizados para a descoberta do receptor sensivel a capsaicina,
usando diferentes radioligantes, entre eles dihidrocapsaicina, um analogo estrutural
hidrossoluvel da capsaicina (Szebeni et al., 1978; James et al., 1988). Apesar disso,
estes estudos ndo obtiveram sucesso devido a baixa poténcia da capsaicina e seus
anélogos, e também devido a sua hidrofobicidade (Szallasi e Blumberg, 1999).

Os estudos relacionados ao sitio de ligacdo para a capsaicina foram
impulsionados pela descoberta da resiniferatoxina (RTX), um diterpeno
extremanente irritante isolado do latex seco da planta Euphorbia resinifera, um cacto
nativo do Marrocos (Euphorbiaceae) (Hergenhahn et al., 1975). Até entédo, esperava-
se que a RTX agisse como outros ésteres de forbol através da ativagdo da proteina
quinase C, entretanto este composto ndo apresentava as mesmas caracteristicas
quimicas e efeitos biolégicos, pois causava irritacdo da pele, nao era, no entanto,
promotor de tumor (Driedger e Blumberg, 1980a, 1980b).

Szallasi e Blumberg (1989) caracterizaram os efeitos descritos a partir da
aplicacao de resiniferatoxina (RTX) como sendo devido a ativacdo de um
mecanismo de acdo semelhante ao da capsaicina, pois este composto também
apresentava um grupo homovanilinico, presente também na molécula da capsaicina
(Figura 4). Devido a presenga do grupo homovanilinico, estes compostos foram
denominados como substancias vanildides. Concomitantemente, a RTX era capaz
de induzir alteracdes fisioldgicas semelhancas as observadas apds a aplicacao de
capsaicina, mas com maior poténcia (hipotermia, dor, inflamagdo neurogénica e
desenvolvimento de desensibilizacao) (Szallasi e Blumberg, 1989).

Assim, foram realizados experimentos de ligagdo especifica utilizando a
molécula de RTX radioativa, mostrando, entdo, pela primeira vez, sitios de ligacao
de alta afinidade, saturaveis e especificos para [H*]-RTX em ganglios da raiz dorsal
(Szallasi e Blumberg, 1990b). Esse dado permitiu mapear a distribuicdo dos sitios de
ligacdo para [H%-RTX em diferentes tecidos, como medula espinhal, GRD, epitélio
urogenital, mucosa nasal e do colon de diferentes espécies, como ratos,
camundongos € humanos (Szallasi e Blumberg, 1991; Szallasi e Blumberg, 1993).
Essas evidéncias levaram a propor que a capsaicina e a RTX estariam agindo sobre
o mesmo tipo de receptor designado como receptor vanildide (VR) (Calixto et al.,
2005).
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Figura 4. Estruturas quimicas da capsaicina e resiniferatoxina ilustrando o grupamento
homovanilinico essencial para a atividade biolégica. Adaptado de Schumacher (2010).

Estudos eletrofisiolégicos e bioquimicos ja haviam caracterizado que a
capsaicina era capaz de promover a ativagdo de nociceptores causando um
aumento de calcio intracelular, mas o mecanismo molecular responsavel por este
fendbmeno ainda era desconhecido (Caterina et al., 1997). Com o isolamento do
clone de DNA complementar (DNAc) que era relacionado com o canal iénico ativado
pela capsaicina em 1997, a base molecular do receptor vaniléide VR1 (TRPV1) foi
entdo solucionada (Caterina et al., 1997). Para isso, células ndao neuronais
eucaridticas (HEK293) foram transfectadas com diferentes grupos de DNAc
provenientes de uma biblioteca de DNAc de neurdnios sensoriais de ratos, e,
utilizando ensaios de imagem para Ca?* intracelular, foram selecionadas os grupos
transfectados que eram responsivos a capsaicina. Apos, 0s grupos que respondiam
ao estimulo da capsaicina eram subdivididos em grupos menores e novamente
transfectados em células eucaridticas, até o isolamento de um unico DNAc
responsavel pela proteina com afinidade pela capsaicina (VR1). Este gene
codificava uma proteina composta por 838 aminoacidos em ratos com uma estrutura
semelhante ao dos receptores TRP (Caterina et al., 1997).

Assim, o receptor TRPV1 foi caracterizado como sendo um canal ibnico nao
seletivo para cations, com preferéncia a célcio e ndo discriminagdo entre cations
monovalentes, expresso principalmente no GRD e GT (Caterina et al., 1997;
Tominaga et al., 1998). Este canal é ativado por calor nocivo (>43°C), relacionando
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este tipo de ativacdo com a sensacao de queimacao elucidada pela administracao
de capsaicina, e, além disso, este receptor também é ativado por pH abaixo do
fisiolégico (Caterina et al., 1997; Tominaga et al., 1998). Dessa forma, o receptor
TRPV1 parece ser um integrador molecular de estimulos quimicos e fisicos que
causam dor (Szallasi et al., 2007).

A partir desse ponto, o até entdo chamado receptor vanildide (VR) passou a
integrar a familia dos TRPs, formando um novo subtipo — vanildide, sendo assim
denominado TRPV1. A subfamilia TRPV (vaniléide) foi entdo nomeada apdés a
descricao do receptor vaniléide 1 (Caterina et al., 1997), sendo entdo composta por
seis tipos de proteinas em mamiferos (TRPV1-6) (Wu et al., 2010).

4.3.2. Aspectos gerais do receptor TRPV1

Como descrito anteriormente, o receptor TRPV1 € um canal ibnico permeavel
a cations, principalmente calcio. Apos a ativagéo deste receptor o aumento de célcio
e sodio intracelular pode contribuir para a geragao de potenciais de agdo e também
para mecanismos relacionados a liberacao de neurotransmissores (Basbaum e
Nilius, 2009). A expressao deste canal € descrita como sendo preferencialmente em
neurdnios sensoriais, € nos ganglios da raiz dorsal, do trigémio, nodoso e vagal, e
também no sistema nervoso central (SNC). Além disso, o receptor TRPV1 também
pode ser encontrado em tecidos ndo neuronais como em queratindcitos, mastocitos,
musculo liso, bexiga, rim, pulméo e figado (Szallasi et al., 2007; Jara-Oseguera et
al., 2008; Schumacher, 2010).

Outro aspecto importante oriundo dos estudos com a capsaicina foi a
descoberta de que a estimulagdo de subtipos de fibras aferentes primarias pode
causar a liberagdo de substancias vasoativas, especialmente neuropeptideos
(Holzer, 1988). As fibras C e Ad periféricas que expressam TRPV1 sdo normalmente
peptidérgicas, assim, contém diferentes peptidios, como substancia P e o peptideo
relacionado ao gene da calcitonina (CGRP) (Szallasi et al., 2007; Basbaum e Nilius,
2009). A acao destes mediadores em células alvos através da interacdo com seus
receptores especificos esta envolvida com varios processos fisiopatoldgicos, como a
regulacao da producao de muco pelo estdmago e a inducao de sinais classicos da
inflamacao (um fendmeno conhecido como inflamagcao neurogénica) (Holzer, 1988;
Richardson e Vasko, 2002).
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O canal TRPV1 é formado por uma proteina de membrana que possui seis
dominios transmembrana e um prolongamento hidrofébico formador do poro,
localizado entre as regides cinco e seis, com as caudas carboxi e amino-terminais
localizadas intracelularmente, esta Ultima contendo seis repeticbes de anquirina.
Similarmente aos demais receptores TRP, os receptores TRPV1 provavelmente
formam homotetrameros ou heterotetrameros funcionais, onde todos os monémeros
contribuem para a formacgéo do poro e seletividade do canal. A permeacgao de ions
pelo canal é controlada alostericamente através de interacdes entre as diferentes
subunidades e por ativagdo do canal (Szallasi et al., 2007; Jara-Oseguera et al.,
2008; Schumacher, 2010).

Ja foram descritos varios mecanismos de ativagdo do receptor TRPV1, tanto
por substancias enddgenas como exogenas. Dentre as substancias exogenas
isoladas de produtos naturais, pode-se citar a capsaicina e a resiferatoxina, além de
varios outros compostos, como a alicina (presente no alho) e a canfora (presente na
Cinnamomum camphora). Além destes ligantes, outros ja foram descritos, e sé@o
responsaveis pelas caracteristicas sensoriais apresentadas por diferentes tipos de
alimentos e resinas (Calixto et al., 2005; Jara-Oseguera et al., 2008).

Fisiologicamente, este receptor é responsavel pelo reconhecimento de varias
modalidades de estimulos nocivos, como aumento de temperatura (>43°C) e
diminuicao do pH (< 5.2) (Caterina et al., 1997; Jordt et al., 2000; Welch et al., 2000).
Porém, nao era claro como as alteracbes de temperatura eram capazes de
promover a ativagdo do receptor TRPV1, assim foi proposto que a regido distal da
cauda carboxi terminal é responsavel pelo reconhecimento deste tipo de estimulo
(Vlachova et al., 2003; Brauchi et al., 2006). A ativacdo do receptor TRPV1 a
temperaturas relacionadas ao calor nocivo em humanos (>43°C) indica que esse
poderia ser o transdutor enddgeno deste tipo de estimulo. As evidéncias que
suportam esta hipétese sdo: o receptor TRPV1 é expresso na maioria das fibras
sensoriais sensiveis ao calor, as correntes evocadas pelo calor e pela capsaicina
séo idénticas. Além disso, as respostas de nocicepcao moduladas pelo receptor
TRPV1 sdo exarcebadas na presenca de agentes pré-nociceptivos e inflamatérios,
sendo que estes causam hiperalgesia em modelos animais. E também animais que
nao possuem o receptor TRPV1 nao apresentam resposta nociceptiva a capsaicina,
e demostram respostas nociceptivas diminuidas ao calor nocivo (Basbaum e Nilius,

2009). Sao descritas outras varientes do receptor TRPV1 que apresentam ativacao
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por temperaturas de menor intensidade, como por exemplo, em morcegos
hematéfagos e no peixe-zebra (Gracheva et al., 2011).

Este receptor também pode ser ativado por diferentes substancias
enddégenas, além de ser também sensibilizado por estas através de vias de
segundos mensageiros e também por modificagdo da atividade do receptor
(fosforilacdo) (Jara-Oseguera et al., 2008), contribuindo assim para o
desenvolvimento do fendmeno descrito como sensibilizagdo periférica, ou seja,
aumento da resposta e uma diminuigao do limiar de ativacao das fibras nociceptivas
periféricas (Szallasi et al., 2007; Loeser e Treede, 2008). Dessa maneira, o canal
TRPV1 pode ser ativado e sensibilizado por lipidios como a anandamida, acido 12-
hidroperoxi-eicosatetraendico (12-HPETE), N-araquidonoil dopamina (NADA),
oleiletanolamida (OEA), leucotrieno B4 (LTB4) e também por 6xido nitrico (Jara-
Oseguera et al., 2008). Além disso, é descrito que outras substancias enddgenas
como trifosfato de adenosina (ATP), bradicinina e prostaglandinas sdo capazes de
sensibilizar o receptor TRPV1 e também ativar através de vias intracelulares (Jara-
Oseguera et al., 2008; Schumacher, 2010). E também descrito que o fator de
crescimento do nervo (NGF) é capaz de ativar e sensibilizar o receptor TRPV1, e
também aumentar a expressdo do mesmo nos terminais sinapticos (Szallasi et al.,
2007; Schumacher, 2010) (Figura 5). Desse modo, este receptor apds ser
sensibilizado em situagdes inflamatérias podendo entdo ser ativado em
temperaturas corporais normais (Szallasi et al., 2007; Jara-Oseguera et al., 2008).

O receptor TRPV1 apresenta 18 residuos de cisteina em sua seqiéncia
primaria, o que levou diferentes grupos a pesquisar possiveis modulacdes redox de
sua atividade (Caterina et al., 1997). Neste ambito, ja foi descrito que agentes
redutores como a glutationa e o ditiotreitol (DTT) sdo capazes de promover uma
diminuicdo do limiar de ativagdo do receptor a temperatura (Vyklicky et al., 2002;
Susankova et al., 2006). Também, mutagdes sitio-dirigido para a Cys621
identificaram um sitio de modulacao redox extracelular, principalmente para agentes
redutores. Apesar disso, ja foi demonstrado que alguns agentes oxidantes, como a
cloramina-T, e agentes alquilantes sdao também capazes de promover uma
diminuicdo no limiar de ativacdo térmico do receptor TRPV1 (Susankova et al.,
2006). A partir desses dados, € possivel supor que o receptor TRPV1 também se
apresente como um sensor do estado redox da célula, explicando a sua participacao

em diferentes patologias, como a isquemia e a inflamagcdo, nas quais ja foi
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evidenciado o desenvolvimento de estresse oxidativo (Mirshafiey et al., 2008;
Lakhan et al., 2009).
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Figura 5. Terminal nociceptivo expressando o receptor TRPV1. E ilustrando as diversas formas de
ativagdo deste receptor (capsaicina, calor nocivo e prétons), além de mediadores inflamatorios
capazes de ativar ou sensibilizar o receptor, como bradicinina, ATP, tripstase e NGF. Adaptado de
Schumacher (2010).

4.3.3. Envolvimento do receptor TRPV1 em patologias dolorosas

O envolvimento do receptor TRPV1 em diversas doengas ja foi descrito,
sendo que o seu principal foco de estudo atualmente é em patologias dolorosas
(Schumacher 2010). O receptor TRPV1 é um dos principais receptores expressos
em neurbnios sensoriais nociceptivos, dessa forma tem importancia na transdugao
de estimulos nociceptivos (Szallasi et al., 2007). Assim, diversas evidéncias levam a
crer que o desenvolvimento de farmacos que possam agir como antagonistas ou
agonistas do receptor TRPV1 em humanos possam ser utilizados em diversos tipos
de sindromes dolorosas (Levine e Alessandrini-Haser et al., 2007; Patapoutian et al.,
2009; Wong e Gavva, 2010).
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Os agonistas do receptor TRPV1 causam analgesia por uma série de
mecanismos propostos como desensibilizacdo, pela disfuncdo do nociceptor,
deplecao de neuropeptideos, e destruicdo dos terminais sinapticos que expressam o
TRPV1 (Schumacher et al., 2010). Assim, a aplicagdo de capsaicina causa
desensibilizacdo dos canais TRPV1, ocasionando diminuicdo da nocicep¢cao em
modelos animais (Szallasi e Blumberg, 1999) e em humanos (Knotkova et al., 2008).

Ainda hoje, varios estudos mostram o uso de cremes contendo capsaicina
para o alivio da dor em patologias como neuralgia pds herpética, também em
pacientes com neuropatia associada a sindrome do complexo regional e ao cancer
(Schumacher, 2010). Porém, alguns fatores limitam o tratamento como a
necessidade de varias aplica¢des de capsaicina e também a dor inicial, dessa forma,
alternativas como o0 uso de anestésicos locais e formulagées de liberagcédo
prolongada de capsaicina tem sido usadas para aumentar a aderéncia ao tratamento
pelos pacientes (Schumacher, 2010).

O receptor TRPV1 pode ser sensibilizado por substancias inflamatérias e
participa no desenvolvimento e na manutengcdo do fenbmeno de inflamacao
neurogénica através da liberacdo de CGRP e SP na periferia (Szallasi et al., 2007).
Diversas condicoes patolégicas ja foram descritas como tendo um significante
componente inflamatério, como enxaqueca, asma, sindrome do intestino irritavel,
cistite e osteoartrite (Szalassi et al., 2007; Schumacher, 2010). E também descrito
que a expressdo do receptor TRPV1 pode ser aumentada durante condigdes
inflamatérias com o desenvolvimento de hiperalgesia, tanto em modelos animais
como em diversas doengas, como na sindrome do intestino irritavel, na vulvodinia,
no refluxo gastroesofagico e na mastalgia (Szallasi et al., 2007; Schumacher, 2010).

Os antagonistas do receptor TRPV1 sado eficientes na diminuicdo da
nocicep¢cdo em modelos animais relacionados a diversos tipos de estimulos
dolorosos como a inflamagéo, a osteoartrite e a neuropatia (Gavva et al., 2005b;
Honore et al., 2005; Rami et al., 2006; Walker et al., 2003). Também, o receptor
TRPV1 parece estar envolvido com a dor relacionada ao cancer, sendo que ocorre
aumento da expressao deste canal nesta patologia em modelos animais (Ghilardi et
al., 2005; Menendez et al., 2006; Niiyama et al.,, 2007). Os antagonistas com
capacidade de atravesar a barreira hematoencefalica mostraram melhor perfil anti-

hiperalgésico que um analogo que age apenas perifericamente, assim a expressao
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do receptor TRPV1 em estruturas supra-espinhais parece ser importante para o
efeito antinociceptivo (Cui et al., 2006).

Desta forma, tanto agonistas como antagonistas do receptor TRPV1 tem sido
investigados para o tratamento de diversas patologias dolorosas, sendo que muitos
ja estdo em fase clinica de estudo (Wong e Gavva, 2009). Entretanto, testes em
humanos e animais mostraram que os antagonistas do receptor TRPV1 sdo capazes
de aumentar a temperatura corporal, sendo que este é o principal efeito adverso
observado apds testes clinicos com estes compostos (Gavva et al., 2008;
Romanovsky et al., 2009). Entdo, compostos que possam agir como antagonistas do
receptor TRPV1 e diminuir a nocicepgdo em modelos animais, bem como nao
levarem ao desenvolvimento de hipertermia, parecem ser bons protétipos de novas

drogas analgésicas.

4.4. Importancia dos produtos naturais para a descoberta de novos
analgésicos

Os produtos naturais, especialmente aqueles derivados de plantas e
microorganismos, possuem relevancia histérica como fonte de descoberta de novas
substancias ativas com atividade farmacolégica. Assim, as plantas sdo ainda
consideradas fonte de investigagdo de novos farmacos em potencial. As substancias
ativas obtidas das plantas sdao usadas como protétipos para o desenvolvimento de
novos medicamentos, além de proporcionar a identificagdo de uma nova
possibilidade de tratamento terapéutico. Entdo, os produtos naturais sao
considerados como sendo importantes alvos para a descoberta de novos
analgésicos, além de terem sido importantes para a descoberta de vias de
modulacao da dor e de receptores envolvidos nestas vias e analgésicos ainda hoje
usados na clinica (Calixto et al., 2000; Yunes et al., 2005; Newman e Cragg, 2007).

O opio extraido da capsula da planta Papaver Somniferum (Papaveraceae)
tem sido utilizado como analgésico desde 3000 a.c., e 0 seu cultivo é descrito antes
de 3400 a.c. na Mesopotamia (Calixto et al., 2000; Trescot et al., 2008). O termo
opio se refere a mistura de alcaldides do latex extraido da capsula da papoula; deste
é isolado o alcaléide morfina além de varias outras substancias como a codeina e a
tebaina (Calixto et al., 2000). A morfina é ainda hoje um dos analgésicos mais

usados na clinica para o tratamento de uma enorme quantidade de patologias como
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a dor relacionada ao céancer (Plante e Vanltallie, 2010). Além disso, este composto
auxiliou no estudo das vias relacionadas a dor (Yunes et al., 2005; Trescot et al.,
2008). A morfina age como agonista de receptores opidides, principalmente
opidide e possui diversos efeitos adversos, sendo os principais descritos como
constipacdo, hipotermia, retengdo urinaria e, além disso, desenvolvimento de
tolerancia, o que limita seu uso clinico (Trescot et al., 2008).

Diversos outros agentes analgésicos, como o acido acetilsalicilico, protoétipo
da classe descrita como analgésicos nao esteoridais (AINES), foi desenvolvido a
partir de produtos naturais. Este composto foi sintetizado a partir do acido salicilico
extraido de diversas espécies de Salix (Salicaceae), como Salix alba e Salix fragilis.
O acido acetilsalicilico possui efeito analgésico, antipirético e antiinflamatério e age
inibindo a enzima ciclooxigenase (COX) e entdo a producdo de prostaglandinas
(Calixto et al., 2000; Yunes et al., 2005). A analgesia produzida pelos AINES é
limitada por efeitos adversos como irritacdo gastrointestinal, alteragcées na fungao
renal e também por problemas cardiovasculares (Fernandez et al., 1995;

Lichtenberger et al., 1995; Suleyman et al., 2007).

Alem disso, é observado que as opcgdes de intervencdes terapéuticas seriam
escassas se nao fosse a descoberta dessas substancias ativas provenientes de
plantas medicinais, na qual 80% dos principios ativos de medicamentos até 1996
foram diretamente ou derivados de compostos naturais (Harvey, 2007). E uma
revisdo de novas drogas introduzidas no mercado entre 1981 e 2002, 28% de 868
novos medicamentos ou eram produtos naturais ou diretamente derivados, e 24%
foram criados a partir de mudangas quimicas de estruturas derivadas de produtos
naturais (Newman et al., 2003). Estes dados enfatizam a importancia dos compostos
isolados de produtos naturais como alternativas para a busca por novos compostos
bioativos (McChesney et al., 2007).

Os estudos com compostos derivados de produtos naturais levaram também
ao isolamento e a descoberta de novos antagonistas do receptor TRPV1, como o
composto eriodiciol, que foi eficaz em diminuir a hiperalgesia térmica induzida em
um modelo de dor inflamatéria (Rossato et al., 2011). Outro composto o MCS-18 foi

delineado em estudos in vitro como sendo um potente antagonista do receptor
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TRPV1 (Neacsu et al., 2010). Assim, compostos isolados de plantas parecem ser

relevantes como fontes de novos antagonistas do receptor TRPV1.

O género Vernonia (Asteraceae) contém mais de 500 espécies de plantas
distribuidas em areas subtropicais e tropicais do mundo, especialmente na Africa e
na América do Sul. As espécies deste género sdo usadas na medicina tradicional
para o tratamento de diversas patologias como malaria, febre, doengas gastricas e
respiratérias e processos inflamatorios (Awe et al., 1998; Abosi e Raseroka, 2003;
lwalewa et al., 2003; Tona et al., 2004; Barbastefano et al., 2007; Bardon et al.,
2007; Zanon et al., 2008). Os principais constituintes quimicos relacionados com o
género Vernonia sao triterpenos, esterdides, ligninas, lactonas sesquiterpénicas,
flavondides, alcal6ides e taninos (Zanon et al., 2008). Recentemente, foi demostrado
que os extratos de Vernonia cinerea possuem atividade analgésica, antipirética e
antiinflamatéria (Gupta et al., 2003; Ilwalewa, 2003; Mazumder et al., 2003). Além
disso, foram também descritas atividades antinociceptiva e antiulcerogénica para a
Vernonia condensata Baker (Frutuoso et al., 1994; Risso et al., 2010). Estudos
também mostram atividade antinociceptiva apés a administragcdo do extrato aquoso

das folhas de Vernonia amygdalina (Njan et al., 2008).

A espécie Vernonia tweedieana Baker, popularmente conhecida no Brasil
como “assa-peixe” € uma planta herbacea distribuida nas planicies do Paraguai,
Argentina e sul do Brasil (Zanon et al., 2008). As folhas desta planta s&o usadas na
medicina tradicional para o tratamento de doengas respiratérias, principalmente
como expectorante (Zanon et al., 2008). Diversos compostos ja foram isolados da
fracdo diclorometano das folhas de Vernonia tweedieana como a mistura de a-
amirina e B-amirina, lupeol, estigmasterol and a-espinasterol (Zanon et al., 2008).
Existem estudos mostrando que o a-espinasterol possui propriedades
farmacologicas como atividade antiinflamatoria, antioxidante, anti-carcinogénica,
antiproliferativa, antimutagénica e antiulcerogénica (Boller et al., 2010; Coballase-
Urrutia et al., 2010; Jeong et al., 2010; Klein et al., 2010; Ravikumar et al., 2010;
Villasenér and Domingo, 2000). Além disso, estudos demostraram o efeito
antinociceptivo deste composto (Meotti et al. 2006; Ribas et al., 2008; Freitas et al.,
2009). Entretanto, o mecanismo de acao pelo qual este composto apresenta

atividade antinociceptiva ainda nao foi descrito.
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Dessa maneira a planta Vernonia tweedieana foi utlizada para o
desenvolvimento de uma triagem in vivo e in vitro para caracterizar novos

antagonistas do receptor TRPV1 com atividade antinociceptiva.
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ABSTRACT

The transient receptor potential vanilloid 1 (TRPV1) is relevant to the
perception of noxious information and has been studied as a therapeutic target for
the development of new analgesics. The goal of this study was to perform in vivo and
in vitro screens to identify novel, efficacious, and safe TRPV1 antagonists isolated
from leaves of the medicinal plant Vernonia tweedieana Baker. All of the fractions
and the hydroalcoholic extract produced antinociception in mice during the capsaicin
test, but the dichloromethane fraction (Dcm) also had antioedematogenic effect.
Among the compounds isolated from the Dcm fraction, only a-spinasterol reduced
the nociception and oedema induced by capsaicin injection. Moreover, a-spinasterol
demonstrated good oral absorption and high penetration into the brain and spinal
cord of mice. Besides, a-spinasterol was able to displace [*H]-resiniferatoxin (RTX)
binding and diminish calcium (Ca®") influx mediated by capsaicin. Orally
administration of the Dcm fraction and a-spinasterol also produced antinociceptive
effect in the noxious heat-induced nociception test; however, they did not change the
mechanical threshold of naive mice. The treatment with a-spinasterol did not produce
antinociceptive effect in mice systemically pre-treated with RTX. In addition, a-
spinasterol and the Dcm fraction also reduced the oedema, mechanical and heat
hyperalgesia elicited by complete Freund’s adjuvant (CFA) paw injection. The Dcm
fraction and a-spinasterol did not affect body temperature or locomotor activity. In
conclusion, a-spinasterol is an efficacious and safe antagonist of the TRPV1 receptor

with antinociceptive effect.

Key words: Steroid; TRPV1; capsaicin; vanilloid; antinociception; Vernonia.
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1. INTRODUCTION

The transient receptor potential vanilloid type 1 (TRPV1 receptor) is a member
of the TRP family [1]. TRPV1 is expressed mainly in the nervous system and is
composed of six transmembrane domains that form a nonselective cation channel
(principally for calcium) [2]. Expression is particularly abundant in C and Ad
nociceptive fibres, where it plays a key role in the detection of noxious painful stimuli
[3]. It is activated by exogenous substances, such as capsaicin (the active
component of chili peppers), resiniferatoxin (RTX, isolated from Euphorbia resinifera),
endogenous inflammatory agents, extracellular protons, bioactive lipids, and noxious

heat (>43°C) [4,2].

Because the TRPV1 receptor plays an important role in the detection and
integration of noxious stimuli and is sensitised by a number of different stimuli and
mechanisms, including various inflammatory mediators, it is involved in inflammatory,
visceral, and cancer pain [5,6,2]. For these reasons, TRPV1 has been studied as a
relevant therapeutic target for the development of novel analgesics [7,8]. Antagonists
of TRPV1 have been reported to produce an antihyperalgesic effect in animal pain
models and in human diseases [9,10,11]. However, some of these antagonists are
implicated in the development of severe hyperthermia [12]. Thus, novel TRPV1
antagonists without a hyperthermic effect should be explored as new therapeutic

agents for the treatment of pain [7].

Natural products have been an important source for new drugs, including
analgesic molecules [13,14]. Products isolated from plants that are able to modulate
the TRPV1 receptor, as capsaicin, could be used to treat pain, and symptoms of

respiratory illness [4,15,16]. The Vernonia species are herbaceous plants found all
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over the world and used as analgesics [18,19,20]. Moreover, some studies have
shown the antinociceptive and anti-inflammatory effects of Vernonia species
[18,19,20]. The species Vernonia tweedieana Baker is widely distributed on the
plains of Paraguay, Argentina, and southern Brazil, its leaves are used in Brazilian

folk medicine to treat respiratory diseases [17].

As a part of our on-going research to identify phytochemicals isolated from
natural sources that can act as novel TRPV1 antagonists, we performed in vivo and
in vitro screens to identify novel, efficacious, and safe TRPV1 antagonists contained

in V. tweedieana.
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2. METHODS

2.1. Plant material, extraction and isolation procedures

Vernonia tweedieana Baker leaves were collected in March 2004 in ljui, Rio
Grande do Sul, southern Brazil. A voucher herbarium specimen was deposited at the
herbarium of the Federal University of Santa Maria, Brazil under number SMDB
9536. The leaves were dried in a stove with circulating air at 40°C and pulverised in a
mill. Dried and powdered leaves (1.900 g) were extracted by maceration with 65%
ethanol in water at room temperature for 7 days. The extract was filtered, and the
ethanol was removed under reduced pressure. The hydroalcoholic extract was
successively fractionated using solvents with increasing polarity: dichloromethane,
ethyl acetate and n-butanol (4 x 200 ml for each solvent). The extract and fractions
were concentrated with a rotary evaporator at a temperature not exceeding 40°C to
yield the dichloromethane (Dcm, 30.0 g, 1.58%), ethyl acetate (Act, 25.62 g, 1.35%),
and n-butanol-soluble (But, 55.85 g, 2.94%) fractions. A mixture of a- and B-amyrin,
lupeol, stigmasterol, and a-spinasterol were isolated from the Dcm fraction at a

concentration of 0.001% (w/w) each as previously described [17].

2.2. Animals

Male albino Swiss mice (25-35 g) bred in-house were used. Animals were
housed in a controlled environment (22+2°C) with a 12 hour light/12 hour dark cycle
(lights on 6:00 am) and fed standard lab chow and tap water ad libitum. The animals

were acclimated to the experimental room for at least 1 hour before the experiments.
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Each animal was used only once. The experiments reported in this study were
carried out in accordance with current ethical guidelines for the investigation of

experimental pain in conscious animals [21].

2.3. In vivo screening of TRPV1 antagonists

2.3.1. Capsaicin-induced spontaneous nociception and oedema test

The capsaicin test was used to screen new TRPV1 compounds because it is
capable of inducing nociception in experimental animals and humans. It has the
advantage of being a simple and short method to measure nociception, and
nociception intensity (and animal discomfort) can be reduced by using sub-maximal
doses of capsaicin [22,23,24]. The intraplantar (i.pl.) capsaicin test was carried out as
previously described [22]. After the acclimation period, 20 ul of capsaicin (1
nmol/paw) was subcutaneously injected i.pl. under the dorsal surface of the right hind
paw (intraplantar, i.pl.). The animals were individually observed for 5 minutes after
capsaicin injection. The amount of time spent licking or biting the injected paw was
timed with a chronometer and was used as a measure of nociception. Vehicle (0.15%
ethanol in saline, 0.9% NaCl) was prepared and used as a control for the capsaicin
experiments. Treatment with vehicle did not evoke nociception behaviour (data not

show).

We also evaluated oedema that developed 15 minutes after capsaicin injection

(1 nmol/paw, i.pl.), as previously described [25]. Oedema formation was described as
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A= basal paw thickness-test paw thickness. Capsaicin-induced oedema and

nociception were observed in the same group of animals.

2.3.2. In vivo treatment

To verify the possible antinociceptive and antioedematogenic effects of V.
tweedieana hydroalcoholic extract and fractions, mice received oral (p.o.)
administration of the hydroalcoholic extract (HE, 100 mg/kg), the dichloromethane
(Dcm, 100 mg/kg), ethyl acetate (Act, 100 mg/kg), and butanolic (But, 100 mg/kg)
fractions or vehicle (10 ml/kg) 1 hour before capsaicin injection. The extract and
fractions were dissolved in a solution of 5% Tween 80, 20% polyethylene glycol, and

75% saline (0.9% NaCl).

We evaluated the possible antinociceptive and antioedematogenic effect of
isolated compounds from the Dcm fraction (mixture of a- and B-amyrin, lupeol,
stigmasterol, and a-spinasterol) in a separate experiment. Compounds (0.3 pmol/kg,
p.0.) were administered 1 hour before capsaicin injection. The doses were chosen
based on their concentration (0.001%) in the Dcm fraction. The animals were treated
with a-spinasterol (0.03-1 pmol/kg, p.o.) or vehicle 1 hour before capsaicin injection.
Afterwards, we generated a dose-response curve for a-spinasterol. Control animals
received a similar volume of vehicle solution (10 ml/kg, p.o.). To determine the time-
course curve, a-spinasterol (0.3 umol/kg, p.o.) was administered in a separate group
of animals, and its antinociceptive effect was assessed at different times after
administration (0.5, 1, 2, and 4 hours). The selective TRPV1 receptor antagonist
SB-366791 (3 umol/kg, p.o.) was used as a positive control, and its antinociceptive

and antioedematogenic effects were evaluated 0.5, 1, 2, and 4 hours after the
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capsaicin test. The isolated compounds and SB-366791 were dissolved in a solution
of 5% Tween 80, 20% polyethylene glycol and 75% saline (0.9% NaCl). The SB-

366791 dosage was based on previous reports of its antinociceptive effect [26].

2.5. In vitro screening of TRPV1 antagonists

2.5.1. [*H]-RTX binding assay

To determine if the Dcm fraction or its individual components were capable of
binding the TRPV1 receptor, we performed the [°H]-RTX binding assay as previously
described [27,28]. Briefly, mouse spinal cords were homogenised in buffer A (5 mM
KClI, 5.8 mM NaCl, 2 mM MgCl,, 0.75 mM CaCl,, and 137 mM sucrose, pH 7.4) with
10 mM HEPES (4-(2-hydroxyethyl)-1-piperazine ethanosulfonic acid) and centrifuged
for 10 minutes at 1 000 x g at 4°C, and the supernatant was further centrifuged for 30
minutes at 35 000 x g at 4°C. The resulting pellets were resuspended in buffer A and
frozen until analysis. The binding mixture containing buffer A (plus 0.25 mg/ml of
bovine serum albumin), membranes (0.5 mg/ml of protein), and [°*H]-RTX (2 nM) in
the presence or absence of the isolated compounds (10 pM), Dcm fraction (0.1
mg/ml) or vehicle (0.1% dimethyl sulfoxide, DMSO) had a final volume of 500 pl. The
a-spinasterol was also tested in different concentrations (3-100 pM). For the
measurement of nonspecific binding, 100 uM of nonradioactive RTX was included in
different tubes. The reaction was initiated by incubating the tubes at 37°C for 60
minutes and stopped by transferring the tubes to an ice bath and adding 100 ug of
bovine as-acid glycoprotein to allow the detection of specific binding. Finally, [*H]-

RTX in the bound and free membranes were separated by centrifugation for 30
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minutes at 35 000 x g at 4°C. Radioactivity in the pellet was quantified by scintillation.
The pellets were suspended in 1 ml scintillation fluid, and the radioactivity was
counted in a scintillator apparatus. Specific binding was calculated as the difference
of the total and nonspecific binding, and the results are reported as % of specific
binding. Total protein was measured with Coomassie Blue dye, and bovine serum

albumin (BSA) was used as a standard [29].

2.5.2. Calcium (Ca?") Influx Assay

After evaluating the ability of selected compounds to bind the TRPV1 receptor,
we estimated their capacity to affect capsaicin-induced calcium influx in
synaptosomes [27]. Mouse spinal cords were homogenised in assay buffer (50 mM
phosphate buffer and 320 mM sucrose, pH 7.4) and centrifuged for 5 minutes at 1
000 x g at 4°C. Then the supernatant was centrifuged for 20 minutes at 10 000 x g at
4°C. The final pellet was resuspended in Krebs-Ringer buffer (Ca®*-free) at a final
protein concentration of 1 mg/ml and incubated with Fura 2-AM (10 pM) for 30
minutes at 37°C. After, the samples were centrifugated for 30 seconds at 12 000 x g,
and the final pellet was resuspended in 1.5 ml Krebs-Ringer medium (Ca®*-free). To
start the reaction, 15 ul of 0.1 M CaCl, was added to each sample, and after 10
minutes, different concentrations of a-spinasterol (10, 30, 100, and 300 uM) or
vehicle (0.1% DMSO) were added, followed by the addition of 15 pl capsaicin (20
UM). Ca?* influx was measured by monitoring the fluorescence at 382 nm (excitation)
and 505 nm (emission) in a spectrofluorimeter (RF-5301 PC, Schimadtzu).
Background fluorescence was determined using an equivalent sample of

synaptosomes that were not loaded with Fura 2-AM. Calibration was performed by
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recording the maximum and minimum fluorescence values after adding 15 ul of 10%
(w/s) Triton-X 100 at the end of each experiment. The results are expressed as the
percentage of the maximum response obtained with Triton-X 100 and then were

compared with the influx of capsaicin [27].

2.6. Assessment of the antinociceptive action of a-spinasterol and the Dcm

fraction in different pain models

2.6.1. Heat stimulus-induced nociception

We evaluated the possible antinociceptive effect of Dcm fraction and a-
spinasterol in the paw reaction test to a heat stimulus [27,30]. The selective TRPV1
receptor antagonist SB-366791 was used as a positive control. A radiant light beam
from a 60 W light bulb was directed onto the right hind paw (99% of the total intensity
was used). The time between the onset of the stimulus and paw withdrawal was
measured and used as an index of the thermal nociceptive threshold. The baseline
latency was determined before the test, and a maximum latency of 30 seconds was
imposed to prevent tissue damage. After the administration of vehicle (10 ml/kg,
p.o.), Dcm fraction (100 mg/kg, p.0), a-spinasterol (0.3 pumol/kg, p.o.) or SB-366791

(8 umol/kg, p.o.), the paw reaction latency was measured at 0.5, 1, 2, and 4 hours.

2.6.2. Mechanical stimulus-induced nociception

The mechanical threshold was measured using von Frey filaments in the up-

down paradigm as described previously [27,31]. First, mice were acclimated (1 hour)
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in individual clear Plexiglas boxes (9 x 7 x 11 cm) on an elevated wire mesh platform
to allow access to the plantar surface of the hind paws. Then, the paw was touched
with a series of 7 von Frey hairs in logarithmic increments of force (0.02, 0.07, 0.16,
0.4, 1.4, 4.0, and 10.0 g). The von Frey hairs were applied perpendicular to the
plantar surface with sufficient force to cause slight buckling against the paw, and held
for approximately 2-4 seconds. Absence of paw lifting after 5 seconds led to the use
of the next filament with increased weight, whereas paw lifting indicated a positive
response and led to the use of the next weaker filament. Stimuli were presented at
intervals of several seconds, allowing the mice for to recover from the behavioural
response to the previous stimulus. This paradigm continued until six measurements
were collected or until four consecutive positive or negative responses occurred. The
50% mechanical paw withdraw threshold (PWT) response was then calculated from
these scores as described previously [24, 28]. The PWT was measured before and
0.5, 1, 2, and 4 hours after the administration of vehicle (10 ml/kg, p.o.), Dcm fraction

(100 mg/kg, p.o), a-spinasterol (0.3 umol/kg, p.o.) or SB-366791 (3 umol/kg, p.o.).

2.6.3. Complete Freund’s adjuvant (CFA)-induced inflammatory nociception

To induce the development of inflammatory heat and mechanical hyperalgesia,
and oedema, mice were lightly anaesthetised with halothane, and CFA (20 ul, 1
mg/ml of the heat killed Mycobacterium tuberculosis) was injected i.pl.) [27]. The
assessment of the mechanical threshold, PWT to a heat stimulus and oedema were
performed as described above. Basal values were observed before the injection of
CFA, and the development of heat hyperalgesia, mechanical hyperalgesia, and
oedema was observed 48 hours after CFA injection. The same measures were

assessed again at 0.5, 1, 2, and 4 hours after the administration of vehicle (10 ml/kg,
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p.o.), the Dcm fraction (100 mg/kg, p.o), a-spinasterol (0.3 pmol/kg, p.o.) or SB-

366791 (3 umol/kg, p.o.).

2.7. Desensitisation of TRPV1 positive fibres

To further explore the role of TRPV1 positive fibres in the antinociceptive
effect of a-spinasterol (0.3 umol/kg, p.o.), animals were submitted to a systemic
desensitisation protocol with RTX as previously described [32]. Animals were
anaesthetised using a mixture of ketamine (90 mg/kg) and xylazine (3 mg/kg), before
systemic administration of RTX (50 ug/kg, s.c.) or vehicle (0.5% ethanol, 0.5%
Tween-80 in saline). The baseline latency was determined before RTX injection and
seven days after the test; a maximum latency of 30 seconds was imposed to prevent
tissue damage. Then, the animals were treated with vehicle (10 ml/kg, p.o.), a-
spinasterol (0.3 umol/kg, p.o.), and SB-366791 (3 umol/kg, p.o.), and the latency was
assessed at 0.5, 1, 2, and 4 hours after treatment. The time between the onset of the
heat stimulus and the PWT was automatically measured and taken as an index of the

thermal nociceptive threshold as described above.

To determine the effect of systemic RTX treatment with RTX on the TRPVA1
receptor expression in sensory nerves, we performed a Western blot analysis on
RTX-and vehicle-treated animals [33]. The sciatic nerves were quickly isolated and
homogenised in lysis buffer containing 10 mM HEPES, pH 7.9, 10 mM KCI, 2 mM
MgCl,, 0.1 mM ethylenediaminetetraacetic acid (EDTA), 1 mM NaF, 10 pg/ml
aprotinin, 10 mM B-glycerophosphate, 1 mM phenylmethanesulphonyl fluoride, 1 mM
DL-dithiothreitol (DTT) and 2 mM sodium orthovanadate. After centrifugation (3 000 x

g for 30 minutes at 4°C), the supernatant was collected. The protein content was



Artigo 42

determined using BSA as a standard [29]. Sciatic nerve protein (30 pug) was mixed
with loading buffer (200 mM Tris, 10% glycerol, 2% sodium dodecyl sulfate (SDS),
2.75 mM B-mercaptoethanol and 0.04% bromophenol blue) and boiled for 10
minutes. The proteins were separated by electrophoresis on 10% SDS-
polyacrylamide gels (SDS-PAGE) and transferred to polyvinylidene difluoride (PVDF)
membranes, according to the manufacturer’s instructions (Perkin Elmer, USA). The
proteins were on the PVDF membrane were stained with a solution of 0.5% actin and
1% glacial acetic acid in water, and this served as the loading control [34]. After
staining, the membranes were dried, scanned and quantified. Membranes were
processed using the SNAP i.d. system (Millipore, USA), blocked with 1% BSA and
0.05% Tween 20 in Tris-borate saline (TBS-T) and then incubated for 10 minutes
with an anti-TRPV1 antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
diluted 1:150 in TBS-T. Blots were washed three times with TBS-T, followed by
incubation with an alkaline phosphatase-coupled secondary antibody (1:3000, anti-
rabbit 1gG; Santa Cruz Biotechnology, Inc.) for 10 minutes. Protein bands were
visualised with a 5-bromo-4-chloro-3-indolyl phosphate/p-nitro blue tetrazolium
system (BCIP/NBT; Millipore). The membranes were dried, scanned and quantified

with the Scion Image PC version of NIH Image.

2.8. Side Effect Evaluation

In order to evaluate possible non-specific muscle-relaxant or sedative effects
of the extract, mice were evaluated for motor impairment. First, we examined
spontaneous motor coordination at the open-field test [27]. The apparatus consisted
of a wooden box measuring 40 x 60 x 50 cm. The floor of the arena was divided into

12 equal squares, and the number of squares crossed with all paws was counted in a
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5 minute session. Mice were treated with Dcm fraction (100 mg/kg, p.o.), a-
spinasterol (0.3 pmol/kg, p.o.) or vehicle (10 ml/kg, p.o.) 1 hour before the test.

Forced motor activity was also evaluated using the rotarod test [27]. Briefly, 24
hours before the experiments, all animals were trained on the rotarod (3.7 cm in
diameter, 8 rpm) until they could remain in the apparatus for 60 seconds without
falling. On the day of the experiment, animals were injected with Dcm fraction
(100 mg/kg, p.o.), a-spinasterol (0.3 pmol/kg, p.o.) or vehicle (10 ml/kg, p.o.) and
subjected to the test 1 hour after administration. The number of falls and latency to
first fall from the apparatus was recorded up to 240 seconds.

Severe hyperthermia is a previously reported side effect of TRPV1 receptor
antagonists. To further evaluate whether Dcm fraction (100 mg/kg, p.o.) or a-
spinasterol (0.3 umol/kg, p.o.) administration increased body temperature, the rectal
temperature was determined before and 1 hour after drug administration as
previously described [27]. The difference between the pre-injection and post-injection
values was calculated (A°C). The TRPV1 antagonist AMG-9810 (30 pumol /kg, p.o.)

was used as a positive control [27].

2.9. Determination of the a-spinasterol pharmacokinetic profile

High performance liquid chromatography (HPLC-diode array detection) was
performed with the Prominence Autosampler (SIL-20A) HPLC system (Shimadzu,
Kyoto, Japan), equipped with Shimadzu LC-20AT reciprocating pumps connected to
the DGU 20A5 degasser with the CBM 20A integrator, DAD (photodiode) SPD-M20A

UV-VIS detector and the LC solution 1.22 SP1 software.
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Reverse phase chromatographic analyses were carried out under isocratic
conditions using a Cyg column (4.6 mm x 250 mm) packed with 5 ym diameter
particles. The mobile phase was methanol: 0.5% aqueous H3;PO4 (88:12, v/v),
following the method described by Zou and Chen (2008) with slight modifications
[35]. To the study of pharmacokinetic profile of a-spinasterol (0.3 umol/kg, p.o.),
mouse plasma, brain, and spinal cord samples were collected 0.5, 1, 2, and 4 hours
after drug administration in mice [36,37]. The samples of brain and spinal cord were
homogenised in 100 mM Na-K phosphate buffer (pH 7.4), and the protein samples
were precipitated with acetone. After centrifugation (10 000 x g, 10 minutes, 4°C), the
supernatant was separated and used for analysis. The mean plasma-to-brain and
plasma-to-spinal cord ratios were calculated from drug concentrations in each tissue
1 hour after drug administration. The chromatography peak was confirmed by
comparing its retention time with that of a reference standard and by DAD spectra
(190 to 400 nm). The flow rate was 0.8 ml/minute, the injection volume was 40 pl and
the wavelength was 210 nm. All of the samples and the mobile phase were filtered
through a 0.45 ym membrane filter (Millipore) and then degassed in an ultrasonic
bath prior to use. A stock solution of spinasterol standard was prepared in the HPLC
mobile phase at a concentration range of 0.018-0.606 nmol/ml. The calibration curve
for spinasterol was Y = 461482x + 4284.1 (r = 0.9994). All chromatography

operations were carried out in triplicate at ambient temperature.

2.10. Drugs and Reagents

Capsaicin was purchased from Sigma, dissolved in 90% ethanol and 10%

Tween 80, and diluted to the appropriate concentration in PBS (137 mmol/l NaCl, 2.7
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mmol/l KCI, and 10 mmol/l phosphate buffer). Methanol and phosphoric acid were
purchased from Merck (Darmstadt, Germany). BSA, bovine ai-acid glycoprotein,
CFA, Fura 2-AM, HEPES, Triton-X 100, resiniferatoxin, SB-366791, and AMG-9810
were purchased from Sigma Chemical Co. (St. Louis, USA). [*H]-RTX was purchased

from Perkin Elmer (Boston, USA) and diluted in assay buffer immediately before use.

2.11, Statistical Analysis

The results are presented as the mean + S.E.M., except for the IDsy (the dose
of compound that inhibits the nociceptive effect by 50% relative to the control value)
and ICs (the concentration of compound that inhibited Ca®* influx or specific binding
by 50% relative to the control value) values, which are reported as geometric means
accompanied by respective 95% confidence limits. The IDsy and ICso values were
determined by non-linear regression analyses with a sigmoid dose-response
equation using the GraphPad Software 5.0 (GraphPad, USA). The percentages of
maximal inhibition (Imax) are reported as the mean + S.E.M. of inhibition obtained in
each individual experiment in relation to the control values (vehicle for the in vivo
results, 100% specific binding for the [°H]-RTX binding assay, 100% response
obtained with Triton-X 100 for the Ca®* influx assay). The significance level was set
at p<0.05. Data were analysed using Student’s t-test, one-way analysis of variance
(ANOVA) followed by Student-Newman-Keuls (SNK) post-hoc test or two-way

ANOVA followed by Bonferroni post-hoc test.



Artigo 46

3. RESULTS

3.1. In vivo screening: evaluation of antinociceptive and antioedematogenic
effects of the hydroalcoholic extract, fractions and isolated compounds from V.

tweedieana

The hydroalcoholic extract, fractions and isolated compounds from V.
tweedieana had antinociceptive and antioedematogenic effects in the capsaicin test.
Treatment with the HE extract (100 mg/kg) and the Dcm (100 mg/kg), Act (100
mg/kg), and But (100 mg/kg) fractions produced an antinociceptive response in the
capsaicin test (administered 1 hour before the test) of 51+4, 6715, 44+4, and 33+9%
inhibition, respectively, compared with the vehicle-treated group (Figure 1A).
Statistical analysis of the time to nociception after capsaicin injection (one-way
ANOVA, followed by SNK test) revealed that the Dcm fraction produced a greater
antinociceptive effect compared to the other fractions or the HE extract. In addition,
only the Dcm fraction showed an antioedematogenic effect, with 66+9% inhibition

(Figure 1B).

Among the compounds isolated from the Dcm fraction, a-spinasterol had the
greatest effect on capsaicin-induced nociception 1 hour after treatment (58+4%
inhibition; Figure 2A). Stigmasterol also decreased capsaicin-induced nociception
(40+7% inhibition). However, it did not reduce the associated oedema, whereas a-
spinasterol produced an antioedematogenic effect (inhibition of 66+10%; Figure 2B).
The mixture of a- and B-amyrin and lupeol had no effect on nociception or oedema at

the dose tested.
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Because a-spinasterol produced antinociceptive and antioedematogenic
effects in the capsaicin test, this compound was used in further experiments. The
dose-response curve showed that a-spinasterol had maximal antinociceptive and
antioedematogenic effects of 64+6% and 70+4%, respectively, at 1 umol/kg (p.o.), 1
hour after treatment. The IDso values for the antinociceptive and antioedematogenic
effects were 0.055 pmol/kg (with a range of 0.039-0.077 umol/kg) and 0.11 umol/kg
(with a range of 0.074-0.16 umol/kg), respectively (Figure 3A and 3B). The results
presented in Figure 3C show that a-spinasterol (0.3 umol/kg, p.o.) markedly inhibited
the capsaicin-induced nociceptive response from 0.5 to 4 hours after administration,
with 60£6% inhibition (1 hour after treatment). The antioedematogenic effect of a-
spinasterol occurred from 0.5 to 2 hours after treatment, with 62+11% inhibition 1

hour after treatment (Figure 3D).

SB-366791 (3 umol/kg, p.o., used as a positive control) produced an
antinociceptive effect from 0.5 to 2 hours after treatment, with 68+5% inhibition 1
hour after treatment (Figure 4A). It also had an antioedematogenic effect during the
capsaicin test (74+6% inhibition 1 hour after treatment) from 0.5 to 1 hours after

treatment (Figure 4B).

3.2. In vitro screening: characterisation of a-spinasterol as a TRPV1 antagonist

First, we assessed the possible binding of the isolated compounds and the
Dcm fraction to the TRPV1 receptor in a binding assay using [°H]-RTX, an ultrapotent
TRPV1 receptor agonist. We observed that the Dcm fraction (1 mg/ml) and a-
spinasterol (10 pM) displaced the specific binding of [°*H]-RTX from spinal cord

membranes by 49+2% and 67+11%, respectively (Figure 5A). On the other hand,
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stigmasterol, the mixture of a- and B-amyrin and lupeol (10 uM) isolated from the
Dcm fraction did not alter the specific binding of [°H]-RTX (Figure 5A). The ICs value
for a-spinasterol was 1.4 uM (with a range of 0.7-2.6 uM), and the maximal inhibition
was 64+3% for 10 uM (Figure 5B). Because a-spinasterol was able to bind to TRPV1
receptor, we investigated whether this molecule could alter capsaicin-mediated Ca**
influx. In the presence of a-spinasterol, there was a substantial reduction in the
response to capsaicin, with a maximal inhibition of 62+10% and an ICsy of 40 uM

(with a range of 23-68 uM) (Figure 5C).

3.3. Antinociceptive effects of a-spinasterol and Dcm fraction assessed with

different pain models

3.3.1. Evaluation of the Dcm fraction and a-spinasterol antinociceptive effects

on noxious heat stimulus-induced nociception

Administration of a-spinasterol (0.3 ymol/kg, p.o.) produced antinociception in
the noxious heat induced-nociception test from 0.5 to 2 hours after administration of
2616% inhibition (1 hour after administration). Treatment with the Dcm fraction (100
mg/kg, p.o) showed an antinociceptive effect from 1 to 2 hours of 19£2% inhibition (1
hour after administration), and SB-366791 (3 umol/kg, p.o., used as a positive
control) produced an antinociceptive effect from 0.5 to 1 hours of 20+6% inhibition (1

hour after administration) (Figure 6A).
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3.3.2. Evaluation of the Dcm fraction and a-spinasterol antinociceptive effects

on mechanical stimulus-induced nociception

Administration of the Dcm fraction (100 mg/kg, p.o), a-spinasterol (0.3
umol/kg, p.o.), and SB-366791 (3 umol/kg, p.o., used as a positive control) did not
affect the mechanical threshold of uninjured animals in any of the observed time

points (Figure 6B).

3.3.3. Participation of TRPV1 positive fibres in the antinociceptive effect of a-

spinasterol on noxious heat stimulus-induced nociception

Mice were pre-treated with RTX to evaluate the role of positive TRPV1 fibres
in the antinociceptive effect of a-spinasterol. Systemic pre-treatment with RTX
significantly reduced the immunoreactivity of the TRPV1 protein in the sciatic nerve 7
days after injection (72+10% compared to the control group), confirming a reduction
in TRPV1-positive sensory fibres (Fig. 7A). As expected, RTX pre-treatment
increased the latency to paw withdrawal after noxious heat stimuli (Figure 7B). The
antinociceptive effects of a-spinasterol (0.3 pmol/kg, p.o.), and SB-366791 (3
umol/kg, p.o.) were abolished by RTX pre-treatment, confirming the participation of

TRPV1-positive fibres in the antinociceptive effect (Figure 7B).

3.3.4. Antihyperalgesic and antioedematogenic effects of the Dcm fraction and

a-spinasterol in the CFA model

Mice injected with CFA developed mechanical hyperalgesia characterised by a

significant reduction in PWT when von Frey filaments were applied to the injected
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paw (PWT diminished from 2.60+0.44 g at baseline to 0.15+0.04 g 48 hours after
CFA administration; p<0.001, Student’s t-test). CFA injection also caused heat
hyperalgesia (latency diminished from 12.33+1.02 seconds at baseline to 8.72+0.90
seconds 48 hours after CFA administration; p<0.05, Student’s t-test) and oedema
(paw thickness increased from 2.91+0.07 mm at baseline to 4.01£0.17 mm 48 hours

after CFA administration; p<0.001, Student’s t-test).

Treatment with the Dcm fraction (100 mg/kg, p.o) and a-spinasterol (0.3
pumol/kg, p.o.) produced large reductions in CFA-induced mechanical hyperalgesia
from 0.5 to 2 h after treatment, with 82+14% and 96+15% inhibition, respectively (1
hour after treatment; Figure 8A). The antihyperalgesic effect of a-spinasterol was
also observed for CFA-induced heat hyperalgesia from 0.5 to 2 hours after treatment
(100% inhibition observed at 1 hour after treatment); the Dcm fraction also had an
antinociceptive effect from 0.5 to 1 hours in the same test (100% inhibition at 1 hour
after treatment; Figure 8B). The Dcm fraction and a-spinasterol also reduced CFA-
induced oedema; this effect was observed from 0.5 to 2 hours after Dcm fraction
treatment and from 0.5 to 4 hours after a-spinasterol treatment, with 38+10% and
35+6% inhibition observed 2 hours after treatment, respectively (Figure 8C).
However, SB-366791 (3 pymol/kg, p.o.) only reduced CFA-induced heat hyperalgesia
from 0.5 to 1 hour (100% inhibition at 1 hour after treatment), without affecting

mechanical hyperalgesia or oedema (Figure 8A and 8C).

3.4. Side effect evaluation

We also evaluated the possible actions of Dcm fraction (100 mg/kg, p.o) and

a-spinasterol (0.3 pmol/kg, p.o.) on motor performance and body temperature.
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Neither treatment altered forced or spontaneous locomotion assessed by rotarod and
open-field tests (Table 1). Moreover, the Dcm fraction (100 mg/kg, p.o) and a-
spinasterol (0.3 ymol/kg, p.o.) did not change body temperature 1 hour after drug
administration (A°C of 0.24+0.21, 0.34+0.16, -0.18+0.25 for vehicle, the Dcm fraction
and a-spinasterol treatment groups; p>0.05, one-way ANOVA followed by SNK test).
Conversely, AMG-9810 (30 umol /kg, p.o.) induced a significant increase in rectal

temperature (A°C of 1.03+0.05; p<0.05, Student’s t-test).

3.5. Pharmacokinetic characterisation

The plasma concentration of a-spinasterol reached a maximal concentration
(Cmax) of 0.25+£0.003 nmol/ml 1 hour after oral administration of 0.3 pumol/kg (Figure
11). We were able to detect a-spinasterol in plasma from 0.5 up to 4 hours after
administration. We also detected a-spinasterol in the brain and spinal cord with Cpax
of 1.63+0.12 and 5.8%+0.88 nmol/g, respectively, 1 hour after oral administration
(Figure 9). The temporal profiles of drug levels in the brain and spinal cord were
almost identical to that in plasma. The plasma-to-brain and plasma-to-spinal cord

ratios were 6.5 and 23.4 for the Cnax at 1 hour after treatment, respectively.
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4. DISCUSSION

The TRPV1 receptor is a relevant target for the development of novel
analgesic drugs and has been studied in a wide range of diseases, including
inflammatory pain, migraine, cancer and osteoarthritic-related pain [2,4,6,7]. In this
study, we performed in vivo and in vitro screens to identify novel TRPV1 antagonists
derived from a medicinal plant. We observed that the hydroalcoholic extract and
fractions of V. tweedieana have antinociceptive effects in the capsaicin test.
Moreover, the Dcm fraction had an antioedematogenic effect in the same model.
Among the compounds isolated from the Dcm fraction, a-spinasterol and stigmasterol
showed antinociceptive effects during the capsaicin test. However, only a-spinasterol
had an antioedematogenic effect in the dose tested. a-spinasterol also diminished
capsaicin-induced Ca®* influx in synaptosomes and displaced [*H]-RTX binding in
spinal cord membranes. Also, a-spinasterol had antinociceptive effects in heat and

inflammatory pain models without causing motor alteration or hypothermia.

The in vivo capsaicin test was used to screen for antinociceptive and
antioedematogenic effects. This is a particularly relevant model to screen new
TRPV1 compounds because capsaicin is a selective TRPV1 agonist capable of
inducing a acute nociception in experimental animals and pain in humans [19,20,21].
As expected for SB-366791, TRPV1 receptor antagonism reduced both nociception
and oedema produced by i.pl. capsaicin injection. On the other hand, we previously
demonstrated that non-steroidal anti-inflammatory drugs inhibited nociception but not
oedema induced by capsaicin [38]. Thus, we selected a fraction of V. tweedieana
and its isolated compounds that could reduce both capsaicin-induced effects. Only
the Dcm fraction and a-spinasterol reduced oedema formation and spontaneous

nociception in vivo. Our results are in accordance with previous findings that
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demonstrated that a-spinasterol exerted antinociceptive effects in some pain models
[39,40,41]. However, the mechanisms underlying the antinociceptive effect of a-

spinasterol remain to be elucidated.

Next, we confirmed our in vivo findings with in vitro experiments to assess the
ability of the Dcm fraction and a-spinasterol to bind and antagonise the TRPV1
receptor. Of the compounds tested, only these two displaced the specific binding of
[®H]-RTX from spinal cord membranes. Our results clearly indicate that a-spinasterol
is a TRPV1 ligand from V. tweedieana. We then used a capsaicin-mediated Ca**
influx assay to determine whether a-spinasterol binding led to functional modulation
of the TRPV1 receptor. This compound inhibited Ca®* influx in the same potency
range as observed in the binding assay. This demonstrates that a-spinasterol acts as
a TRPV1 receptor antagonist. The fact that the steroid a-spinasterol binds the
TRPV1 receptor is not unexpected because other steroid compounds, such as
pregnenolone sulfate and dehydroepiandrosterone, also act as TRPV1 antagonists
[42,43]. Moreover, the low micromolar concentration of a-spinasterol necessary to
bind and inhibit TRPV1 receptors can be reached with oral administration because it

is well distributed in the nervous system, where TRPV1 is expressed.

TRPV1 is a polymodal receptor expressed mainly in sensory neurons, and it is
important for the perception of acute noxious information [8]. Several reports
indicated that mice lacking TRPV1 have diminished responses to acute thermal but
not mechanical stimuli [1,44]. Accordingly, we observed that a-spinasterol inhibited
nociceptive behaviour induced by acute noxious heat, but it did not change the
mechanical pain threshold of naive animals. In fact, a recent study showed that
TRPV1 receptors are mainly expressed in sensory fibres that transduce heat pain

and express p-opioid receptor [45]. However, a-spinasterol action in heat-evoked



Artigo 54

nociception is not opioid receptor-dependent because its antinociceptive action was
not reversed by naloxone (data not shown). To confirm that the effect of a-spinasterol
is dependent on TRPV1 in vivo, we depleted TRPV1 positive fibres using a systemic
RTX treatment [32]. As expected, RTX-injected animals have reduced TRPV1
receptor expression and an increase in response latency to nociceptive heat stimuli.
Moreover, the antinociceptive effect of both a-spinasterol and the selective TRPV1
antagonist SB-366791 was abolished in mice pre-treated with RTX. Collectively,
these results suggest that the TRPV1 receptor is essential for the antinociceptive

action of a-spinasterol in vivo.

The importance of the TRPV1 receptor in the pain related to inflammatory
process is recognised [5]. In preclinical trials, TRPV1 antagonists reduced
inflammatory related mechanical and thermal hyperalgesia, while animals lacking the
TRPV1 protein are deficient in pain inflammatory signals and are unable to develop
thermal hyperalgesia and pain inflammatory signals [46,47,48,49]. In addition, pain
related to inflammatory conditions is associated with increased TRPV1 receptor
expression [50,51,52]. Our study demonstrates that a-spinasterol may actively inhibit
the oedema, mechanical, and heat hyperalgesia observed in the CFA-induced model
of inflammatory pain. The fact that a-spinasterol did not alter mechanical nociception
in naive animals but reduced mechanical hyperalgesia in inflamed mice may be
explained by the increase of TRPV1 receptor expression in mechanically activated
myelinated A-fibres after CFA injection [53,54]. The antinociceptive effect of a-
spinasterol in CFA-induced mechanical hyperalgesia could also be related to the
capacity of this molecule to access the central nervous system (CNS). This is
supported by evidence showing that TRPV1 receptor antagonists that acess the CNS

have better antihyperalgesic effects than peripheral antagonists, mainly against
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mechanical hyperalgesia [55]. Indeed, a-spinasterol is well distributed in the CNS
with plasma-to-brain and plasma-to-spinal cord ratios of 6.5 and 23.4, respectively.
Many drugs elicit false-positive responses in nociception tests because they
cause sedation, motor activity impairment, or body temperature alteration [56]. The
induction of severe hyperthermia by some TRPV1 antagonists, such as AMG-517 (or
its analogue of AMG-9810), has hampered the development of these drugs as
analgesics [12]. Neither the Dcm fraction nor a-spinasterol induced locomotor
alteration or hyperthermia in mice. This indicates that a-spinasterol might have better
features than other known TRPV1 antagonists. Finally, we found that orally
administered a-spinasterol had good absorption with the peak concentrations in the
plasma, brain and spinal cord comparable to the time of maximal antinociception.
These findings are relevant because oral administration is more clinically viable; it is

low-cost, safe, and easy to administer [57].

In conclusion, a-spinasterol showed antinociceptive and antioedematogenic
effects in distinct pain models, particularly hyperalgesia, a common complaint of
chronic pain patients [58]. The plant steroid a-spinasterol has been characterised as
a novel, safe, and orally effective TRPV1 receptor antagonist, and it may be an

attractive future target for pain therapy.
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Figure 1. Evaluation of (A) antinociceptive and (B) antioedematogenic effects of the hydroalcoholic
(HE), dichloromethane (Dcm), ethyl acetate (Act), or butanolic (But) fractions during the capsaicin test
in mice, 1 hour after administration of drugs. Nociception was observed for 5 minutes after i.pl.
capsaicin injection (1 nmol/paw), and oedema was observed 15 minutes after capsaicin injection. Data
are reported as the meantS.E.M. (n=7-9). **p<0.01, ***p<0.001, when compared with vehicle group.

#p<0.05, when compared with Dem fraction group (one-way ANOVA followed by SNK post-hoc test).
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Figure 2. Evaluation of (A) antinociceptive and (B) antioedematogenic effects of a-spinasterol (1),

stigmasterol (2), mixture of a- and B-amyrin (3), and lupeol (4) (0.3 umol/kg; p.o.) during the capsaicin

test in mice (n=6-7), 1 hour after administration of drugs. Nociception was observed for 5 minutes after

i.pl. capsaicin injection (1 nmol/paw), and oedema was observed 15 minutes after capsaicin injection.

Data are reported as the meantS.E.M. ***

ANOVA followed by SNK post-hoc test).

p<0.001, when compared with vehicle group (one-way
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Figure 3. (A) Dose-response curve of the antinociceptive effect of a-spinasterol administered 1 hour

before the capsaicin test (n=7-8). (B) Evaluation of the antioedematogenic effect of different doses of

a-spinasterol administered 1 hour before the capsaicin test (n=7-8). (C) Time-course of the

antinociceptive effect of a-spinasterol (0.3 pmol/kg; p.o.) during the capsaicin test in mice (n=6). (D)

Time-course of evaluation of the antioedematogenic effect of a-spinasterol (0.3 umol/kg; p.o.) in the

capsaicin test (n=6). Nociception was observed for 5 minutes after i.pl. capsaicin injection (1

nmol/paw), and oedema was observed 15 minutes after capsaicin injection. Data are expressed as the

meanzS.E.M. *p<0.05, ***p<0.001, when compared with vehicle group (one-way ANOVA followed by

SNK post-hoc test or two-way ANOVA followed by Bonferroni post-hoc test).
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Figure 4. (A) Time-course of the antinociceptive effect of SB-366791 (3 umol/kg; p.o.) during the
capsaicin test in mice (n=6-7). (B) Evaluation of the antioedematogenic effect of SB-366791 (3
pumol/kg; p.o.) at different time points during the capsaicin test (n=6-7). Nociception was observed for 5
minutes after i.pl. capsaicin injection (1 nmol/paw), and oedema was observed 15 minutes after
capsaicin injection. Data are expressed as the mean+S.E.M. ***p<0.001, compared with vehicle (two-

way ANOVA followed by Bonferroni post-hoc test).
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Figure 5. (A) Evaluation of the abilities of the Dcm fraction (Dcm), a-spinasterol (1), stigmasterol (2),
mixture of a- and B-amyrin (3), and lupeol (4) isolated from the Dcm fraction to displace [*H]-RTX
binding (n=3-5). (B) Affinity of different concentrations of a-spinasterol to displace [*H]-RTX binding,
the ICs, value of a-spinasterol was 1.4 uM (with a range of 0.7-2.6 uM) (n=3). (C) Inhibitory effect of a-
spinasterol of Ca®* influx elicited by capsaicin (20 uM) in mouse spinal cord synaptosomes; the 1Cs
value of a-spinasterol was 40 uM (with a range of 23-68 uM) (n=3-5). Data are expressed as the
mean+S.E.M, *p<0.05, **p<0.01, compared with vehicle (one-way ANOVA followed by SNK post-hoc

test). The ICs, value was calculated using non-linear regression.
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Figure 6. (A) Assessment of the antinociceptive effect of the Dcm fraction (100 mg/kg, p.o.), a-
spinasterol (0.3 pmol/kg; p.o.), and SB-366791 (3 umol/kg; p.o.) during the noxious heat stimulus-
induced nociception test in mice (n=7-8) several time points after administration of the drugs.
Nociception time was observed as the paw withdrawal latency to a noxious heat stimulus. Data are
reported as the meantS.E.M. (B) Effect of the Dcm fraction (100 mg/kg, p.o.), a-spinasterol (0.3
pmol/kg; p.o.), and SB-366791 (3 umol/kg; p.o.) on nociception induced by mechanical stimulus (n=6).
Data are expressed as the meantS.E.M. of painful hypersensitivity (determined with von Frey
filaments, expressed as PWT in g). *p<0.05, **P<0.01, ***P<0.001, compared with basal values (two-

way ANOVA followed by Bonferroni post-hoc test).
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Figure 7. Effect of systemic RTX treatment (50 pg/kg, s.c.) on the antinociceptive effect of a-
spinasterol. (A) Western blot (inset) showing TRPV1 immunoreactivity in sciatic nerves after treatment
with RTX or vehicle (n=3). Western blot results are expressed as arbitrary density units. Asterisks
denote the significance levels. (B) Effect of RTX desensitisation (50 pg/kg, s.c.) on a-spinasterol (0.3
pumol/kg; p.o.) and SB-366791 (3 pmol/kg; p.o.) antinociceptive effects in noxious heat-induced
nociception in mice (n=6-7). The basal latency was assessed before and 7 days after RTX treatment.
Data are expressed as the meantS.E.M. **p<0.001, compared with vehicle (A, Student's t-test) or

compared with basal values before RTX treatment (two-way ANOVA followed by Bonferroni post-hoc

test).
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Figure 8. Effect of the Dcm fraction, a-spinasterol, and SB-366791 on CFA-induced inflammatory
nociception. The (A) mechanical hyperalgesia, (B) heat hyperalgesia, and (C) oedema were observed
48 hours after the injection of CFA (Basal”). The antinociceptive and antioedematogenic effects were
evaluated at different time points (0.5, 1, 2, 4, and 6 hours) after treatment with the Dcm fraction (100
mg/kg, p-0.), a-spinasterol (0.3 umol/kg; p.o.) and SB-366791 (3 umol/kg; p.o.). Basal’ values were
observed 48 hours before Data are expressed as the meantS.E.M. of mechanical painful
hypersensitivity (determined with von Frey filaments, expressed as PWT in g), nociception time
expressed as PWT to a noxious heat stimulus, or variation in paw thickness. *p<0.05, **p<0.01,
***p<0.001, compared with basal’ or basal”’ values (two-way ANOVA followed by Bonferroni post-hoc

test).
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Figure 9. Pharmacokinetic profile of a-spinasterol in mice. The concentrations of a-spinasterol in the

plasma (nmol/ml), brain (nmol/g), and spinal cord (nmol/g) were measured 0.5, 1, 2, and 4 hours after

administration of a-spinasterol (0.3 umol/kg; p.o.). Data are presented as the meanzS.E.M. (n=3-4).
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Table 1. Effect of Dcm fraction (100 mg/kg, p.o) and a-spinasterol (0.3 pmol/kg; p.o.) or vehicle on

spontaneous and forced locomotor activity in mice 1 hour after treatment.

Treatment Open Field Rotarod
(p-0.) - - -

Crossing Rearing First Fall Ne° Fall
Vehicle 49+7 22+4 6315 3.0+0.6
Dcm fraction 4145 1614 55+16 4.1+0.5
(100 mg/kg)
a-Spinasterol 5614 1612 54115 1.8+1.2
(0.3 umol/kg)

No significant differences were observed between groups (Student “t” test). Results are expressed as

the meantS.E.M (n = 5-7).
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O receptor TRPV1 tem sido considerado como um alvo promissor para a
busca de novas drogas analgésicas devido a relevancia deste canal em vias de
modulagéo da dor e a eficacia dos novos antagonistas do receptor TRPV1 (Wong e
Gavva, 2009). Assim, este canal tem sido estudado para o tratamento da dor
relacionada a um grande numero de doengas, como dor inflamatéria, enxaqueca,
dor relacionada ao cancer e também dor relacionada a osteoartrite (Jara-Oseguera
et al., 2008; Adcock, 2009; Wong e Gavva, 2009; Schumacher, 2010).

Neste estudo, foi realizada uma triagem in vivo e em in vitro para identificar
novos antagonistas do receptor TRPV1 derivados das folhas da planta V.
tweedieana. Dessa maneira, observa-se que o extrato hidroalcdélico e fragcoes de V.
tweedieana apresentaram efeito antinociceptivo no teste da capsaicina. Além disso,
a fracdo Dcm possui agdo antiedematogénica no mesmo modelo. Entre os
compostos isolados testados da fracdo Dcm, o a-espinasterol e o estigmasterol
apresentaram efeito antinociceptivo no teste da capsaicina, porém apenas o
composto a-espinasterol apresentou efeito antiedematogénico na mesma dose
testada. O a-espinasterol também foi capaz de diminuir o influxo de calcio induzido
pela capsaicina em sinaptossomas de medula espinhal de camundongos, e este
composto e a fragdo Dcm também deslocaram a [°H]-RTX dos sitios de ligagao
especifica para o receptor TRPV1. Ambos também mostraram efeito anti-
hiperalgésico no modelo de nocicepcao por calor nocivo, e também no modelo de
dor inflamatéria induzida por adjuvante (CFA). Além disso, o composto o-
espinasterol ndo foi capaz de alterar a atividade locomotora, e de induzir hipertermia
um efeito adverso observado comumente para os compostos antagonistas do
receptor TRPV1. Todas estas evidéncias suportam a idéia que o composto a-

espinasterol age como um antagonista do receptor TRPV1.

Para a identificacdo de novos antagonistas do receptor TRPV1, o teste da
capsaicina em animais foi utilizado como modelo de triagem in vivo. Assim,
primeiramente foram identificados se o extrato hidroalcdlico e as fragbes de V.
tweedieana possuiam atividade antinociceptiva e antiedematogénica no teste da
capsaicina. Esse teste foi usado para a triagem de novos compostos antagonistas
do receptor TRPV1, porque a capsaicina € um agonista seletivo do TRPV1 e é
capaz de induzir nocicepcao em animais de experimentacdo e também dor em

humanos (0 que permite uma transposicdo do ensaio pré-clinico para o clinico).
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Além disso, este é um método simples e de curta duragdo para a medida da
nocicepcao, cuja intensidade da nocicepcdo pode ser reduzida usando doses
submaximas de capsaicina (Simone et al., 1989; Sakurada et al., 1992; Walker et al.,
1995), o que é importante para reduzir o desconforto dos animais de
experimentagdo. Como observado para o composto SB-366791, usado como
controle positivo, os antagonistas do receptor TRPV1 sao capazes de reduzir a dor e
a formacdo de edema induzidos pela administragdo intraplantar de capsaicina.
Todas as fracOes testadas foram capazes de reduzir a nocicepgdao no teste da
capsaicina, porém apenas a fracdo Dcm reduziu a formagdo de edema no mesmo
teste. Assim, compostos isolados desta fragdo foram testados no teste da capsaicina
e apenas o a-espinasterol apresentou efeito antinociceptivo e antiedematogénico.

O composto a-espinasterol isolado da fragdo Dcm foi entdo utilizado em uma
triagem in vitro para observar a capacidade deste composto de agir como um
antagonista do receptor TRPV1. Existem evidéncias mostrando que a-espinasterol
possui diversas atividades bioldgicas como agdo antioxidante, anti-carcinogénica,
antiproliferativa, antimutagénica e antiulcerogénica (Coballase-Urrutia et al., 2010;
Jeong et al., 2010; Klein et al., 2010; Ravikumar et al., 2010; Villasendr e Domingo,
et al., 2000). Além de atividade antiinflamatéria inibindo o edema de orelha induzido
por TPA, e induzindo a expressdo da enzima heme oxygenase-1 em cultura de
células (Boller et al., 2010; Jeong et al., 2010). Além disso, ja foi demonstrado que o
composto a-espinasterol apresenta atividade antinociceptiva no modelo de dor
induzida pela administracdo de acido acético em camundongos (Meotti et al. 2006;
Freitas et al., 2009), e também inibiu a resposta nociceptiva induzida por glutamato
em camundongos (Ribas et al., 2008). Porém, o mecanismo pelo qual este

composto possui atividade antinociceptiva ainda nao foi relatado.

Assim, para investigar se os compostos isolados da fracdo diclorometano
apresentavam capacidade de interagir com receptor TRPV1, foi realizado o ensaio
de unido especifica utilizando [°*H]-RTX. Nesse, apenas o a-espinasterol e a fragdo
Dcm foram capazes de deslocar o radioativo com um valor de Clsy de
aproximadamente 1.4 uM, assim com maior poténcia quando comparado a outros
compostos como o ligante classico do receptor, a capsaicina (aproximadamente 3.2
uM) (Szallassi et al., 1999).
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Uma vez observado esse fato, o proximo passo foi averiguar se esta ligacao
ao receptor promoveria alguma alteracao funcional sobre o TRPV1. Para isso
realizou-se o ensaio de influxo de célcio estimulado por capsaicina. Nesse
experimento, observou-se que o a-espinasterol foi capaz de promover uma
diminuicdo no influxo estimulado por capsaicina, com menor poténcia que interage
com o receptor. Essa menor poténcia pode ser explicada pela amplificagcdo de sinal
que ocorre no ensaio funcional. E esse resultado indicou que o a-espinasterol é

capaz de se ligar ao receptor TRPV1 e atuar como um antagonista sobre o mesmo.

O receptor TRPV1 é um receptor polimodal expresso principalmente em
neurdnios sensoriais, que € importante para a percepgao de estimulos nocivos,
(Levine e Alessandri-Haber, 2007). Véarios estudos indicam que camundongos que
nao expressam o receptor TRPV1 ndo séo capazes de evocar resposta nociceptiva
apds a injecdo de capsaicina e possuem resposta diminuida ao calor nocivo
(Caterina et al., 1997; Davis et al., 2000). Nesse estudo, foi observado que o a-
espinasterol foi capaz de inibir a resposta nociceptiva induzida por calor nocivo, mas
nao modificou o limiar mecanico de animais sem injuria. Esses resultados estao de
acordo com o fato que os receptores TRPV1 sao principalmente envolvidos com a
transducao da dor por calor nocivo do que por estimulos mecéanicos como descrito
anteriormente (Scherrer et al., 2009). Esses resultados mostram como este
composto age de maneira similar aos antagonistas do receptor TRPV1.

Muitas substancias podem agir como agonistas do receptor TRPV1, como
protons, calor nocivo (>43°C), substancias inflamatérias e vanildides como a
capsaicina e resiniferatoxina (Jara-Oseguera et al., 2008; Schumacher, 2010). A
administracdo de capsaicina e resiniferatoxina provoca dor em queimacao, como
descrito em humanos e em animais de experimentacao (Schumacher, 2010). Além
disso, a capsaicina e a resiniferatoxina possuem atividade analgésica, como relatado
em pacientes com dor de origem neuropatica, e formulagdes contendo estas
substancias ainda sado usadas para o estudo de novos farmacos para a dor
(Schumacher, 2010). O efeito dessas substancias pode ser explicado por uma
combinacdo de mecanismos, principalmente pela destruicdo dos terminais de fibras
que expressam o receptor TRPV1 que estdo envolvidas com a conducdo de

estimulos nocivos (Schumacher, 2010).
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Neste estudo, foi realizado um protocolo onde a resiniferatoxina foi utilizada
para a deplecdo das fibras que expressam o receptor TRPV1, para observar se o
efeito antinociceptivo do composto a-espinasterol no teste de nocicepgao induzido
por calor nocivo poderia ser diminuido. O composto a-espinasterol e 0 SB-366791
nao apresentaram efeito antinociceptivo neste teste em animais pré-tratados
sistemicamente com resiniferatoxina, o que esta de acordo com o fato que as fibras
que expressam o receptor TRPV1 s&o necessarias para este efeito neste teste de

nocicepcao.

O receptor TRPV1 foi descrito como um importante alvo para a pesquisa de
novos analgésicos (Jara-Oseguera et al., 2008; Adcok, 2009; Wong e Gavva, 2009;
Schumacher, 2010). Em modelos pré-clinicos de dor inflamatéria tem sido relatado
que antagonistas do receptor TRPV1 sdo capazes de reduzir tanto a hiperalgesia
mecanica como térmica, enquanto que animais que nao expressam o receptor
TRPV1 néo séo capazes de desenvolver hiperalgesia térmica e sinais inflamatérios
em diferentes tipos de modelos de dor inflamatéria (Davis et al., 2000; Walker et al.,
2003; Gavva et al., 2005; Honore et al., 2005; Barton et al., 2006). Uma vez que o
composto a-espinasterol, como confirmado neste estudo, pode inibir a hiperalgesia
mecanica e térmica, além de reduzir a formacao de edema induzida no modelo de
dor inflamatéria por adjuvante (CFA), estes resultados estdo de acordo com o
observado para os antagonistas do receptor TRPV1.

Além disso, € observado que a dor relacionada a condigdes inflamatérias €
associada a um aumento da expressao do receptor TRPV1 (Ji et al., 2000; Amaya et
al.,, 2004; Zhang et al., 2005). Apés a inje¢cdo de CFA é relatado um aumento da
expressao do receptor TRPV1 em fibras mielinizadas do tipo A, estes dados podem
estar associados com o efeito anti-hiperalgésico mecéanico pés a injegédo de CFA em
animais (Amaya et al., 2003; McGaraughty et al., 2008). O efeito antinociceptivo do
a-espinasterol na hiperalgesia mecanica induzida por CFA pode estar também
relacionado com a capacidade deste composto de agir sobre 0 SNC. Como descrito
anteriormente, antagonistas do receptor TRPV1 com capacidade de agir
centralmente apresentaram melhor efeito anti-hiperalgésico, principalmente em
relacdo a hiperalgesia mecanica (Cui et al., 2006). De fato, isso parece ocorrer, pois
a-espinasterol possui um bom coeficiente de penetracdo no SNC. Assim, o

composto a-espinasterol mostrou um melhor perfil quando comparado com o SB-
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366791, pois esta molécula ndo foi capaz de reduzir a hiperalgesia mecanica e o

edema induzidos por CFA.

A fracdo Dcm e o composto a-espinasterol ndo foram capazes de provocar
alteracéo na atividade locomotora dos animais. Como descrito anteriormente, muitas
drogas que induzem alteracdo da atividade locomotora podem induzir resultados
falso positivos em testes de nocicepcao por induzir sedacgdo, alteracdo da
temperatura corporal ou redugdo na atividade locomotora (Negus et al., 2006). A
inducdo de severa hipertermia pelo antagonista do receptor TRPV1 em humanos, o
composto AMG517 (analogo do AMG9810) impediu o desenvolvimento desta nova
molécula como uma droga analgésica promissora (Gavva et al., 2008). A
administragdo do composto AMGS517 em humanos foi relatada como causando
hipertermia severa e persistente (39-40 °C), em doses baixas, e também
concentracbes plasmaticas, sem analgesia relacionada aos mesmos niveis
plasmaticos da droga, e esse efeito parece ser exclusivamente mediado pelo
receptor TRPV1 (Gavva et al.,, 2008). Foi observado, ainda, que o composto
AMG9810 causou efeito hipertérmico nos animais, o que nao foi observado para o
composto a-espinasterol, indicando que esta molécula parece ter melhores
caracteristicas do que outros antagonistas do receptor TRPV1 ja estudados. Ja
foram descritos distintos perfis de antagonistas do receptor TRPV1, e o bloqueio da
corrente por proténs parece ser um mecanismo que pode contribuir para o
desenvolvimento de hipertermia (Wong and Gavva, 2009; Garami et al., 2010).
Entdo, o composto a-espinasterol pode nao bloquear este tipo de corrente, porém

novos experimentos devem ser realizados para verificar este efeito.

Concluindo, o composto a-espinasterol apresentou potente efeito
antinociceptivo e antiedematogénico em diversos modelos de dor, sendo também
eficaz no tratamento da hiperalgesia, um sintoma frequente de pacientes com dor
cronica (Schaible et al., 2009). Dessa maneira, o composto esterdide a-espinasterol
derivado da planta Vernonia tweedieana foi caracterizado como um novo, eficaz, e
disponivel por via oral antagonista do receptor TRPV1 e pode entao representar uma

nova molécula para a terapia da dor.
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Tendo em vista os resultados obtidos no presente estudo, pode-se

concluir que:

7.1.

7.2.

7.3.

7.4.

7.5.

7.6.

O extrato hidroalcdlico, as fragbes e os compostos isolados das folhas de
Vernonia tweedieana Baker apresentaram efeito antinociceptivo no teste da
capsaicina, sendo que apenas a fragdo diclorometano e o a-espinasterol
apresentaram efeito antiedematogénico. Desse modo, a frag&do diclorometano
e o a-espinasterol mostraram um perfil semelhante ao de antagonistas do
receptor TRPV1 nesse teste, reduzindo a nocicepcado e o edema induzidos
pela administracdo intraplantar de capsaicina;

Apenas o composto a-espinasterol e a fracdo diclorometano foram capazes
de deslocar a ligacdo especifica da [*H]-resiniferatoxina em fragcdo de
membrana de medula espinhal de camundongos. O a-espinasterol também
diminui o influxo de calcio induzido pela capsacina em fracdo rica de
sinaptossomas de medula espinhal de camundongos, comportando-se desta
forma como um antagonista do receptor TRPV1;

A fracdo diclorometano e o composto a-espinasterol apresentaram efeito
antinociceptivo na nocicepcdo induzida por estimulo térmico, mas nao
induzida por estimulo mecénico, comportando dessa forma semelhante aos
antagonistas do receptor TRPV1;

O composto a-espinasterol ndo apresentou atividade antinociceptiva em
animais depletados de fibras sensoriais TRPV1 positivas, mostrando que
estas fibras seriam importantes para o efeito antinociceptivo desse composto
nesse modelo de nocicepgao;

A fracao diclorometano e o composto a-espinasterol apresentaram efeito anti-
hiperalgésico e antiedematogénico no modelo de dor inflamatéria induzida
pela administracdo de adjuvante completo de Freund, sendo este efeito
relevante, pois o desenvolvimento de hiperalgesia € um dos principais
sintomas clinicos obervados em patologias dolorosas croénicas;

O composto a-espinasterol mostrou boa absor¢cdo por via oral, e alta
penetracdo no cérebro e medula espinhal de camundongos, sugerindo que
este composto assim como outros antagonistas do receptor TRPV1 que séao

capazes de agir no SNC central mostram melhor perfil anti-hiperalgésico;
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7.7. Tanto a fracao diclorometano como o composto a-espinasterol ndo causaram
alteracdes na atividade locomotora e na temperatura corporal dos animais,
assim este composto apresenta eficaz efeito antinociceptivo sem o
desenvolvimento de hipertermia que é o principal efeito adverso observado

para antagonistas do receptor TRPV1.

Todas estas evidéncias suportam a idéia que o composto a-espinasterol age como
um antagonista do receptor TRPV1 possuindo efeito antinociceptivo.
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The analgesic potential of six 14-membered-ring cyclopeptide alkaloids, namely, franganine (1), discarine B (2), scutianines
B (3), C (4), and D (5), and adouvetine X (6). have been investigated. Among the compounds tested. only franganine (1)
and adouetine X (6) produced antinociceptive effects in a mouse model of acute pain, without inducing undesirable side
effects. Furthermore, compound 6 also exhibited a pronounced analgesic effect in a chronic neuropathic pain model in
mice. It has been found that adouetine X (6) can decrease the activities of Ca*'-ATPase and Na'/K'-ATPase in vitro.
Thus, the present findings have demonstrated that adouetine X (6) is a promising analgesic agent.

Cyclopeptide alkaloids are defined as polyamidic basic com-
pounds of plant origin embodying a p- or m-ansa structure.” These
compounds are found mainly in the Rhamnaceae and have been
classified by different methods. However, the most common
classification method is according to the size of the macrocycle, as
either 13- 14-, or 15-membered cyclic ether rings.” Some studies
have showed that these compounds may function as ionophores in
plants and may be involved in the process of nutrient and metal
absorption, but the real physiological role of cyclopeptide alkaloids
in plants is still unknown.'-* Studies of their biological properties
have been hampered due to the low amounts present in the plants
of origin of these compounds and a lack of practical synthetic
methods. Thus, few biological activities have been reported for
this group of substances, including antibacterial, antifungal, anti-
plasmodial, sedative, and immunostimulant activities."

The 14-membered ring class has the most representative com-
pounds and is the largest subgroup of cyclopeptide alkaloids.” This
class includes almost all the scutianine-, discarine-, and sanjoine-
related compounds. Scutianines B (3) and D (5) and discarine B
(2), but not scutianine C (4) and franganine (1), showed modest
antibacterial activity.™* Sanjoinine A exhibited sedative, hypnotic,
and analgesic properties, and it is reported to be an effective
inhibitor of calmodulin-induced activation of Ca*"-ATPase and a
modulator of the y-amino butyric acid (GABA) system.” *

The search for new analgesic compounds with few undesirable
effects and good efficacy in chronic painful conditions is potentially
very important. Neuropathy-associated pain has become a major
clinical problem, so the search for new drug molecules to alleviate
this intractable pain is now an interesting strategy.” Therefore, in
the present study, we have investigated the potential antinociceptive
effect of six 14-membered cyclopeptide alkaloids in mice as well
as their possible mechanism of action and ability to develop
undesirable effects.

Results and Discussion

The tail-flick test is a simple pain model that uses an acute
noxious stimulus to screen new analgesic drugs, usually substances
that act on the central nervous system, such as opioid agonists.'”

* Corresponding author. Tel: + 55 55 3220 8033. Fax: +55 55 3220
&031. E-mail: ferreiraj?9@ gmail .com.

10.1021/np800377y CCC: $40.75
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Since only small amounts of cyclopeptide alkaloids are available
for in vivo studies, restricting the possibility of systemic administra-
tion, we injected cyclopeptide alkaloids by the intrathecal (i.t.) route
because it requires less compound than systemic routes. In addition,
i.t. administration is used clinically to deliver analgesic drugs, and
the spinal cord is an important modulator in pain pathways."' The
i.L. injection of adouetine X (6), franganine (1), scutianine B (3),
and discarine B (2) (10 nmol/site) produced antinociception in the
mice tail-flick test, 15 and 60 min after administration (Figure 1).
Scutianine D (5) or vehicle did not change tail-flick latency at any
time tested. On the other hand, i.t. administration of scutianine C
(4) (10 nmol/site) produced hyperalgesia in the tail-flick test, 15
and 60 min after injection (Figure 1). Among the cyclopeptide
alkaloids tested, adouetine X (6) was more effective in producing
antinociception and increased latencies in the tail-flick test by about
T0%. The opposite action of some cyclopeptide alkaloids in the
tail-flick test (i.e., induction of analgesia or hyperalgesia) is in
accordance with Lee and co-workers, who demonstrated that the
13-membered cyclopeptide alkaloids paliurines A and F acted as
sedatives in mice and the closely related alkaloid nummularine H
acted as a stimulant under identical conditions, indicating the
significant effect of minor structural modifications on the pharma-
cological actions of cyclopeptide alkaloids.'* In addition, cyclo-
peptide alkaloids could interact with some putative neurotransmitter

© 2009 American Chemical Society and American Society of Pharmacognosy
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Figure 1. Effects of cyclopeptide alkaloid administration (10 nmol/
site; i.L.) in the tail-flick test. The tail-flick response (% MPE) was
measured 15 min (A) and 60 min (B) after the injection in mice
(n = 7—8). Data are expressed as means = SEM: *p < (.05, **p
< 0.01, ***p < 0.001; one way ANOVA followed by SNK post
hoc test.

systems of the central nervous system (CNS) that modulate
nociception in an opposite manner.

As the interaction with glutamate receptors seems to contribute
to mechanisms underlying antinociceptive or hyperalgesic actions
of some compounds,'” and glutamate is the major excitatory
transmitter in the CNS, we investigated the role of glutamate
receptors in the antinociceptive action of cyclopeptide alkaloids.
In the spinal cord, agonists of glutamate receptors produce
nociception, while antagonists might produce analgesia.'* However,
the cyclopeptide alkaloids tested cannot change the specific binding
of ["H]-L-glutamate to cerebral plasma membranes in mice, showing
that the interaction with glutamate receptors is not necessary for
the actions of these compounds in nociception (Table 1). Further-
more, another important neurotransmitter system in the CNS is the
GABAergic system, which has opposite actions compared to the
glutamatergic system. The action of y-aminobutyric acid (GABA)
is an important factor for modulation of pain. In this way, GABA
receptor agonists and antagonists usually function as analgesic or
hyperalgesic drugs, respectively.'* It is known that the 14-membered
cyclopeptide alkaloid sanjoinine A stimulates the GABAergic
system.” However, the involvement of GABA receptors in the
antinociceptive or hyperalgesic actions of the cyclopeptide alkaloids
tested must be further determined.

Certain drugs can provide false-posilive responses in the tail-
flick test because they may induce sedation, motor activity
impairment, or body temperature alteration." Knowing that some
cyclopeptide alkaloids can induce a sedative effect,'* we assessed
the undesirable effects of discarine B (2), scutianines B (3), C (4),
and D (), franganine (1), and adouetine X (6) in mice. The open-
field test is sensitive to compounds that cause sedation or motor
impairment.'* Discarine B (2) and scutianine C (4) (10 nmol/site)
decreased the number of crossings, while scutianine B (3) (10 nmol/
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site) was able to decrease the number of rearings and crossings in
the open-field test. However, franganine (1), scutianine D (5), and
adouetine X (6) did not change the motor activity in mice 15 min
after injection (Table 2). Moreover, adoueting X (6) did not alter
motor activity 60 or 120 min after its intrathecal administration
(Table 3). Intrathecal administration of discarine B (2) (10 nmol/
site) produced a hypothermic effect in mice 15 and 60 min after
its administration. No other cyclopeptide alkaloid tested was able
to alter mice body temperature (Table 2). Taken together, these
data suggest that for some cyclopeptide alkaloids [namely, discarine
B (2) and scutianines B (3) and C (4)], the analgesic effects observed
in the tail-flick test might be false positives since they also alter
mice motor activity in the open-field test or body temperature. On
the other hand, franganine (1) and adouetine X (6) seem to produce
a pure analgesic effect, as they did not change the spontaneous
locomotion or body temperature.

Thus, since adouetine X (6) showed no undesirable effects and
shows good efficacy at producing antinociception, the antinocice-
ptive action of this compound was further evaluated. The [Ds; value
assessed for adouetine X (6) was 2.47 (2.25—2.69) nmol/site at 15
min in the tail-flick test in mice. The time—response curve of the
antinociceptive effect of adouetine X (6) (10 nmol/site) showed
that the antinociceptive effect of this compound started at 0.25 h
and lasted up to 1 h after treatment (Figure 2). Next, we investigated
the effect of adouetine X (6) in neuropathic pain. Injury to a
peripheral nerve often results in a chronic neuropathic pain condition
that is characterized by abnormal painful hypersensitivity, such as
allodynia (pain responses to non-noxious stimuli).” This type of
chronic pain differs substantially from acute pain not only in terms
of the persistence of pain but also with regard to the maladaptive
changes at various levels of the nervous system.'® Thus, the
available analgesic drugs often have limited therapeutic value in
the management of neuropathic pain, and they may even represent
a risk to the patient due to their common side effects.” Therefore,
the development of safe and efficacious drugs to treat chronic pain
is a priority. We observed that partial ligation of the sciatic nerve
in mice induced a significant allodynia (characterized as a decrease
in mechanical threshold in response to von Frey hair filaments) 7
days afier the nerve injury compared to the sham-operated group.
Adouetine X (6) (10 nmol/site; i.t.) was markedly effective in
reducing this mechanical allodynia induced by nerve injury in the
operated group from 0.5 to 1 h after treatment (Figure 3). Moreover,
adouetine X (6) did not alter the detection of normal mechanical
stimuli assessed in sham-operated mice (Figure 3). These findings
are certainly relevant, considering that chronic pain is difficult to
treat since it is quite resistant to most of the analgesic drugs
currently available on the market.”

Finally, we attempted to find a target responsible for the
antinociceptive action of adouetine X (6). Previous findings have
demonstrated that the 14-membered cyclopeptide alkaloids sanjoi-
nine-A and sanjoinine-G2, along with the synthetic derivatives,
sanjoinine AH-1 and sanjoinine-A dialdehyde, effectively inhibit
calmodulin-induced activation of Ca**-ATPase.>* Thus we inves-
tigated the possible effect of adouetine X (6) in distinct Mg*-
dependent ATPase activities (Ca®'-ATPase or Na'/K™-ATPase).
Adouetine X (6) was able to decrease the Ca®'-ATPase activity,
with inhibition values of 68.5 + 9.9% and 91.8 + 6.5% for
concentrations of 3 and 10 uM, respectively. Adouetine X (6), at
a concentration of 10 gM, but not 3 uM, also reduced the activity
of Na'/K*-ATPase, with 92.5 £+ 5.6% inhibition (Figure 4). Thus,
adouetine X (6) seems to be a potent inhibitor, since the classical
Na®/K*-ATPase inhibitor ouabain reduces about 30% of the enzyme

Table 1. Effects of Cyclopeptide Alkaloids Tested (1—6) in the Displacement of [*H]-.-Glutamate Binding to Mice Brain Membranes”

vehicle 1 2

4 5 [

107.1£0.1 1227+ 83 102.2 + 1.8

101.1+32

048 +£32 944+ 14.6 1.8+ 162

“The results are presented as means + SEM of at least two separate displacements.
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Table 2. Effect of Treatments with Cyclopeptide Alkaloids (10 nmol/site; i.t.) after 5 min on Spontancous Activity (number of
crossings and rearings) in the Open-Field Test and after 20 or 60 min on Rectal Temperature (°C) in Mice”

rectal temperature rectal temperature

compound Crossings rearings (20 min} (60 min}
vehicle 1200 £ 8.0 197+ 1.9 016 +£0.1 —0.31 + 0.09
scutianing C (4) T4+49 176+ 2.7 —0.23 £ 0.11 —0.40 £ 015
scutianing D (8) 1208 + 144 3l6+73 —0.08 + 0.22 —0.26 + 0.12
scutianing B (3) 780 +£947 10+ 1.9 0.16 + 044 —0.45 £ 0,49
discarine B (2) 700 + 10.1° 13.5+3.2 —0.37 £ 0.09 —0.94 £ 0.19°
franganine (1) 1133+ 10.8 19.2+3.0 —0.2+0.12 —0.11£013
adouetine X (6) 106.7 + 10.1 1817+ 21 —0.08 + 0.12 —0.20+0.11
“W¥alues represent means + SEM for 7 or § animals in each group. * p < 0.05; Student’s 1 test.
Table 3. Effect of Treatment with Adouetine X (6) (10 nmol/ A 50
site; 1.t.) after 60 and 120 min on Spontaneous Activity (number
of crossings and rearings) in the Open-Field Test in Mice® o E 0
=)
Crossings rearings E ; 304
= *
time (min)  vehicle  adovetine X (6)  wvehicle  adouetine X (6) : Z 204 T
60 51.8+53 39.8+3.1 7007 60+18 0"% w
120 oo B it 313+42 38+1.0 45+121 104
“ Values represent means + SEM for 6 animals in each group. od i r
Cantrol 3 10
100 m— Ve hicle ]
= Adoustine X (6] 10 nmelisite, i.t. Adouetine X (6) (M)
80+ B 507
w 60+ e e g 404
g
= 404 e
= 2 <x ™
] & Z 201 T
04 wZ T
<8 10
-2
15 80 120 ol : :
Time {min) Control a 10

Figure 2. Time course of the antinociceptive effect of adouetine
X (6) after intrathecal administration (10 nmol/site) in the tail-flick
test in mice (n = 7 or 8). Data are expressed as means = SEM (%
MPE). ***p < 0.001, two-way ANOVA followed by Bonferroni
post hoc test.

LB —avenick - Operat
g TVeRile - Sham

3 Adouetine X (5} - Oparate
B Adowetine X (G} - Sham

pa
T

204

Threshold S0%
& =
r ¥

=
T

g

Time after trastmant (min}

Figure 3. Mechanical sensitivity to von Frey hair filament stimula-
tion of the right hindpaw in sham-operated and operated animals
in partial ligation of the sciatic nerve (PLSN). Mice were treated
with adouetine X (6) (10 nmol/site, i..) or vehicle at different
intervals of time after drug treatment. Data are expressed as means
+ SEM (% MPE). Significantly different from control values: ***p
< 0.001 (two-way analysis of variance followed by Bonferroni post
hoc test).

activity at 10 #M in synaptosomes.'” It has been demonstrated that
pro-nociceptive mediators can stimulate plasma membrane Ca*'-
ATPase, keeping the intracellular Ca®" concentration low and
increasing the excitability of sensory neurons that conduct the
nociceptive stimulus to the CNS.'® Thus, the inhibition of plasma
membrane Ca*'-ATPase in sensory neurons could produce anal-
gesia. Additionally, i.t. injection of Na'/K* ATPase inhibitors. such

Adouetine X (6] (M)

Figure 4. Ca®"-ATPase (A) and Na'/K"-ATPase (B) activity in
the presence of 3 or 10 uM adouetine X (6). Values represent means
+ SEM (% total activity) of determinations made in six separate
experiments. Significantly different from control values: ¥*p < 0.01,
*p < 0.05 (one-way ANOVA followed by SNK post hoc test).

as ouabain, can produce an antinociceptive effect in the tail-flick
test in rodents.'® Moreover, adouetine X (6) could act indirectly
on ATPases through the inhibition of Ca**/calmodulin-dependent
protein kinase. In fact, plasma membrane Ca**-ATPase and Na'/
K* ATPase are modulated by Ca**/calmodulin-dependent protein
kinase,”™*" and some cyclopeptide alkaloids can cause inhibition
of Ca’*/calmodulin-dependent protein kinase I1° A putative action
of adouvetine X (6) on Ca**/calmodulin-dependent protein kinase
could also explain its antinociceptive effect on neuropathic pain.
In fact an increased activity of Ca?*/calmodulin-dependent protein
kinase 11 was observed in the spinal cord after peripheral nerve
injury. Moreover the intrathecal administration of an inhibitor of
calcium calmodulin-dependent kinase I attenuated the development
of mechanical allodynia in rats.**** Further studies must be carried
out to assess the effect of adouetine X (6) on Ca*/calmodulin-
dependent protein kinase activity.

In summary, we have found that adouetine X (6) showed an
analgesic effect in acute and chronic neuropathic pain models,
without inducing detectable undesirable side effects. The effect of
adouetine X (6) seems to be related to the inhibition of Ca?*-ATPase
and Na®/K* ATPase. These findings suggest that the cyclopeptide
alkaloid adouetine X (6) is an interesting prototype analgesic drug.

Experimental Section

General Experimental Procedures, Melting points were determined
in an MQAPF-301 melting point apparatus and are uncorrected. Optical
rotations were taken on a Perkin-Elmer 341 digital polarimeter. NMR
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spectra were acquired on a Bruker DPX-400 operating at 400 and 100
MHz, for 'H and “C. respectively. Chemical shifts are given in ppm
using TMS as an internal standard. Mass spectra MS: 70 eV. FAB-
MS were obtained on a VG analytical 70£150-8 mass spectrometer
equipped with a FAB ion source from a 3-nitrobenzyl alcohol matrix.

Plant Materials. The root bark of Discaria americana Gill. & Hook.
(Rhamnaceae) and Scutia buxifolia Reissek (Rhamnaceae) was collected
in Sao Sepé, Brazil (20°45°30” §, 54°20°33” W) in December 2000
and Janvary 2003 and authenticated by Prof. Renato Zachia and Prof.
Adelino Alvarez Filho, Department of Botany, Universidade Federal
de Santa Maria, RS Brazil. where the specimen samples (SMDB 2688,
SMD-B146) were deposited, respectively. The roots of Melochia
chamaedrys A. St-Hil. (Sterculiaceae) were collected in February—
May 2001 in the state of Rio Grande do Sul, Brazil, and authenticated
by Prof. Thais S. C. Dorow, Department of Botany, Universidade
Federal de Santa Maria, RS, Brazil, where a specimen sample
(SMDBY9262) was deposited at the herbarium of the Federal University
of Santa Maria.

Extraction and Isolation. The alkaloids franganine (1) and discarine
B (2) were izolated from the roots of D. americana (Rhamnaceae),
whereas scutianines B (3). C (4), and D (5) were isolated from the
roots of 8. buxifolia (Rhamnaceae). and adoutine X (6) was isolated
from the roots of M. chamaedrys (Sterculiaceac), as described previ-
ously by Morel et al.** " respectively.

Animals. Adult male Swiss mice (25—35 g1 n =6 or 7) were used
in all experiments. The animals were housed in groups of 20 to a cage
at controlled temperature (22 £ 1 °C) with a 12 h light/dark cycle and
with standard laboratory chow and tap water ad libium. Each animal
was used only once. The experiments reported in this study were carried
out in accordance with current ethical guidelines for the investigation
of experimental pain in conscious animals.>” The number of animals
and intensity of noxious stimuli used were the minimum necessary to
demonstrate the consistent effects of treatment using the tested
compounds.

Treatment. Test compounds were injected intrathecally (i.t) into
the spinal column between L5 and L6 of unanesthetized mice, as
reported previousl_v.zg The dose vsed for the animal treatment was 10
nmolfsite (5 gL) for all compounds, and the vehicle used was 1%
DMSO (dimethylsulfoxide) plus 1% Tween 80 in PBS. The dose of
10 nmolfsite was used because it was the largest amount of compound
that could be diluted. The rectal temperature. tail-flick reaction time,
and locomotor activity were measured in each group of animals. as
described carlier.*®

Locomotor Activity. To evaluate possible nonspecific muscle
relaxant or sedative effects of the test compounds, the spontaneous
locomotor performance was measured in the open-field test.'® The
apparatus was a rectangular arena (28 x 18 x 12 cm) with the floor
divided into 18 equal squares. The number of areas crossed with all
paws and the number of rearing responses were recorded. Mice were
placed in an open-field 5 min after injection of the test compounds (10
nmol/fsite), and the spontanecus activity was measured during the next
10 min period.

Rectal Temperature, Since many drugs can change body temper-
ature, the rectal temperature was measured to evalvate if the test
compounds were capable of causing any variation in this pammeter.m
Baseline temperatures were recorded before test drug administration,
measuring approximately 37—38 °C for each mouse. The body
temperature was measured again 15 and 60 min after the administration
of each test compound (10 nmol/site) was tested and A°C was used to
calculate the change in body temperature (A°C = test temperature —
baseline temperature).

Tail-Flick Test. In order to evaluate the possible antinociceptive
{analgesic) effect of the compounds tested, the tail-flick reaction time
to a heat stimulus was used. The warm-water tail immersion test was
performed according to a method described previously.*" using a water
bath with the temperature maintained at 48 °C. Before vehicle or test
compound administration (10 nmol/site; i.t.), the baseline latency period
(6—7 s) was determined. At 15 and 60 min after treatment with control
or test compounds, tail-flick latency was reassessed, and differences
in relation to the baseline values were calculated. An 18 s maximum
latency was used to avoid tissue damage. Antinociception was expressed
as percentage of maximum possible effect (MPE), which was calculated
as %MPE = [(test latency control latency)(10 — control latency)] =
100. Percent MPE was calculated for each mouse using at least six
mice per test compound.
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Determination of Time Course and Potency for Antinociception
Caused by Adouetine X (6). To evalvate the time course of the
antinociceptive effect of adouetine X (6), a dose of 10 nmol/site (i.L)
was used. The baseline latency (6—7 s) was measured before the
injection of the compound. At 0.25, 1, and 2 h after the administration
of adouvetine X (6). the latency was reassessed and the MPE (%) was
calculated for each time. In addition, the rectal temperature and
locomotor activity were observed at 0.25. 1, and 2 h after the
administration of adouvetine X (6) in the same animals.

The IDs, value for adovetine X (6) was measured by the up-and-
down method in the tail-flick test.™® The up-and-down method is a
procedure that has been confirmed to reduce the number of animals
needed to determine LDsp; values without compromising reliability.
Subjects were evaluated sequentially such that the results of each animal
determined the dose that the subsequent animal received. The first
animal was given a dose of drug that was close to the expected EDg
and then evaluated in the tail-flick test. If the %MPE value exceeded
50%, then the dose for the next animal was incrementally decreased
(e.g.. decreased by log dose of 0.301). Alternatively, if the tail-flick
latency did not exceed the 50% MPE criterion, then the dose was
incrementally increased (e.g.. increased by log dose of 0.301). The first
dose tested was 10 nmolfsite. If the animal showed a MPE higher than
50%, the dose was decreased logarithmically. However, when the MPE
was lower than 50%, the dose was increased. Six animals were used
to determine the IDso value for this compound. The IDso value was
calculated from appropriate tables given by Dixon. ¥ A confidence limit
(C.L.) of 95% was determined by the following equation: 95% C.L. =
dose increment x (+/2n) x 1.96. In addition, tree vehicle-treated
subjects were evaluated to control for handling and stress factors.

Partial Sciatic Nerve Ligation. A partial nerve ligation of the sciatic
nerve (PLSN) was produced by tightly ligating a common sciatic nerve
of the left hindpaw under deep anesthesia.** Mice were anaesthetized
intraperitoneally (i.p.) using a mixture of ketamine (90 mg/kg) and
xylazine (3 mg/kg). The same surgical procedure was used for sham
mice except for nerve ligation. The experiments were conducted 1 week
after the surgery. The operated and sham animals were treated with
adouetine X (6) (10 nmol/site) or vehicle. The mechanical allodynia
was evaluated at different time intervals (0.25, 0.5, 1, and 2 h) as a
reduction in mechanical threshold to withdrawal using von Frey hair
filaments, as described before.™®

[*H]-Glutamate Binding Assay. Cerebral cortices obtained from
mice were used for membrane preparation, carried out as described
before. ™ Sodium-independent [*H]-L-glutamate binding to cerebral
plasma membranes was investigated as described previously.’” Briefly.
membranes were incubated in a 0.5 mL reaction mixture containing
50 mM Tris-acetate buffer (pH 7.4), 40 nM [H]-L-glutamate. and 10
uM of each test compound (dissolved in water and 1% DMSO).
Incubation was carried out at 30 *C for 30 min, and the reaction was
stopped by filtration using GF/B glass microfiber filters. Dried filters
were transferred o Eppendorf tubes containing scintillation fluid, and
the radicactivity was determined with a Packard scintillation spectrom-
eter at 40—45% efficiency. Specific binding was calculated as the
difference between total binding and nonspecific binding, which was
measured in the presence of a 10 000-fold excess (4 mM) of unlabeled
L-glutamate. The assays were performed in triplicate. and the results
represent the combined data from three individual experiments. [*H]-
L-Glutamate was purchased from Amersham (SGo Paulo, Brazil). Protein
concentration was measured using bovine serum albumin as standard.™®

ATPase Activity Assay. The ATPase activity was estimated by a
method adapted from Mark et al * and Fighera et al.*" The enzyme
activity was determined by measuring the amount of inorganic
phosphate (Pi) liberated from ATP during the incubation of the
synaptosomal fraction. Synaptosomes were isolated from mice brains
by a method adapted from Rodrigues et al*' Protein concentration was
assayed by the method described previously“ using bovine serum
albumin as a standard. The method allows the quantification of distinct
Mg™*-dependent ATPase activities (Na*/K*-ATPase or Ca’*-ATPase
activity) in the same sample. Activities were measured in triplicate in
covered 96-well microtiter plates at 37 °C. Fifty microliters of assay
buffer (5 mM HEPES. 80 mM NaCl, 15 mM KCI, 3 mM MgCl,, and
0.1 mM EGTA, pH 7.1) was placed in each plate after 50 uL of another
assay buffer (5 mM Hepes and 320 mM sacarose) containing 1 ug of
membrane protein was added to each well. The Na*/K*-ATPase activity
was determined by subtracting the ouabain (0.2 mM)-sensitive activity
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from the overall Mg?*-ATPase activity level, and the percentage of
activity in relation to the total was calculated from that observed for
the control and adouetine X (6) (3 and 10 uM). The Ca’'-ATPase
activity was determined by subtracting the activity measured in the
presence of Ca®* and ouabain from that determined in the absence of
Ca™" (no added Ca®" plus 0.1 mM EGTA) and the presence of ouabain
from that observed for the control and adouetine X (6) (3 and 10 M),
The plate was preincubated at 37 °C for 10 min, and the assay was
started with the addition of 50 uL. of adenosine triophosphate (ATP)
to a final concentration of 3 mM. making the final reaction volume
160 L. After 60 min, the reaction was terminated by the addition of
50 uL of 5.7% ammonium molybdate in 6 N H,80y plus 10 L of 8%
acid ascorbic. The level of inorganic phosphate present. quantified by
the colorimetric method of Fiske and Subbarow.*? was used as a
measure of ATPase activity. Plates were read on a Fisher Biotech
Microkinetics Reader BT 2000 at 630 nm. The absorbance values
obtained were converted to activity values by linear regression using a
standard curve of sodium monobasic phosphate that was included in
the assay procedure. Ouabain, adenosine triophosphate, and ammonium
molybdate ascorbic acid were purchased from Sigma (St. Louis, MO).
Values reported represent the mean and SD of at least six separate
experiments.

Statistical Analysis. The results of antinociceptive activity and the
side effects were expressed as means = SEM, which are reported as
geometric means accompanied by their respective 95% confidence
limits. Data were analyzed by Student’s ¢ test and one-way or two-
way analysis of variance (ANOVA). Post hoc tests (Student—Newman—
Keuls, SNK)} were carried out when appropriate. The level of
significance was set at p < (.05,
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