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RESUMO

O resveratrol (RSV) é um polifenol natural com efeitos anti-inflamatorios e
antioxidantes bem descritos. Efeitos significantes sobre a hiperalgesia inflamatdria
induzida por carragenina em ratos ja foram demonstrados. Neste estudo, foram
avaliados os efeitos da administracio de RSV em dois modelos de nocicepgédo
espontanea, induzida por capsaicina e glutamato em camundongos, com abordagens
para definicdo dos possiveis mecanismos de acdo deste composto. A administracdo oral
de RSV (100 mg/kg) reduziu significativamente o efeito comportamental provocado
pela injecdo intraplantar de capsaicina (1,6 pg/pata) ou glutamato (10 pmol/pata). A co-
administracdo de RSV intraplantar (25 pg/sitio) preveniu a nocicep¢do aguda induzida
por glutamato, sem afetar o comportamento induzido pela capsaicina. Em contraste, a
injecdo intratecal de RSV (300 e 600 pg/sitio) reduziu a nocicepcdo causada pela
capsaicina, mas ndo pelo glutamato. A administracdo intracerebroventricular de RSV
(300 pg/sitio) inibiu parcialmente a nocicepcdo induzida pela capsaicina, enquanto que
a resposta induzida pelo glutamato permaneceu inalterada. A co-administracdo de RSV
(300 pg/sitio) foi capaz de inibir a nocicepcdo induzida pela injecdo intratecal de
glutamato (30 pg/site), ndo alterando o comportamento induzido pela capsaicina (6,4
pg/sitio). O tratamento oral com RSV (100 mg/kg) resultou em uma inibicdo
significativa da imunopositividade de c-Fos e de COX-2 na medula espinhal, causada
pela capsaicina, bem como, a expressao da COX-2 no cortex . Em relagdo ao modelo de
glutamato, a administracdo oral de RSV ndo afetou a expressdo c-Fos ou COX-2 na
medula espinhal ou cortex. Nossos dados fornecem novas evidéncias demostrando que
os efeitos analgésicos do RSV sdo provavelmente mediados por diferentes mecanismos

de acdo e sitios anatdmicos, dependendo do estimulo algogénico.



Abstract
Resveratrol (RSV) is a polyphenol with well-characterized anti-inflammatory

and antioxidant actions, with some evidence for antinociceptive effects. Herein, we have
evaluated the effects of RSV in two acute mouse models of spontaneous nociception,
induced by capsaicin and glutamate, with some attempts to define the possible
mechanisms of action of this compound. The oral administration of RSV (100 mg/kQg)
significantly reduced the licking behavior elicited by the intraplantar injection of
capsaicin (1.6 pg/paw) or glutamate (10 pmol/paw). The co-administration of RSV, into
the mouse paw (25 ug/site), markedly prevented glutamate-induced licking, without
affecting capsaicin-elicited responses. Otherwise, the i.t. injection of RSV (300 and 600
pg/site) widely reduced the licking behavior caused by capsaicin, but not by glutamate.
Lastly, the i.c.v. injection of RSV (300 pg/site) caused only a mild inhibition of
capsaicin-induced nociception, whereas glutamate responses remained unaffected.
Unexpectedly, the co-administration of RSV (300 pg/site) was able to inhibit the biting
behavior induced by i.t. injection of glutamate (30 pg/site), leaving capsaicin (6.4
pg/site)-induced biting unaltered. Of note, the oral treatment with RSV (100 mg/kg)
resulted in a significant inhibition of capsaicin-induced increase of both c-Fos and
COX-2 immunolabeling in the lumbar spinal cord, as well as the COX-2 expression in
cortex. In glutamate model, the oral administration of RSV failed to affect either c-Fos
or COX-2 activation in spinal or brain tissues. Data provides new evidence showing that
analgesic effects of RSV are mediated by different mechanisms of action and

anatomical sites, depending on the algogenic stimulus.



ABREVIACOES

RSV - Resveratrol

CAP - Capsaicina

GLU - Glutamato

I.c.v. — Intracerebroventrical

I.t. — intrathecal

I.pl. — intraplantar

p.o. — via oral

NMDA — N-metil D-Aspartato

TRPV — Receptor Vanilbide

TRPV1 — Receptor Vanildide do tipo 1
NO- Oxido nitrico

ATP- Adenosina trifosfato
GMP-PKG- Guanina monofosfato - protein quinase G
CNS - Central Nervous Sistem

COX-2 — Ciclooxigenase 2

NOS — Oxido nitrico sintase
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1. INTRODUCAO

Dor e Nocicepcéo

A dor pode ser definida como “uma experiéncia sensorial e emocional
desagradavel associada com dano tecidual real ou potencial, ou descrita em termos de
tais danos" (Cheng et al., 2003). A nocicep¢cdo compreende toda a transmissdo e
processamento da informacdo dolorosa. A dor € um sistema complexo que esta
vinculado ao aspecto comportamental, pois 0 processamento da informacdo nédo ocorre
apenas no sistema somatossensorial, mas também no sistema limbico (Millan, 1999).

O inicio da transmissdo dolorosa se da em neurdnios sensoriais primarios de alto
limiar, que também exercem a funcdo de receptores e sdo chamados nociceptores. Estao
subdivididos em mielinizados do tipo A e, ndo mielinizados do tipo C, ambos altamente
especializados em transmitir informacdes dolorosas, apresentando corpos celulares
localizados no ganglio da raiz dorsal. As fibras mielinicas com maior espessura Af
estdo envolvidas na percepgdo tatil. As fibras mielinicas finas Ad e nao-mielinizadas do
tipo C transmitem a nocicep¢do e estimulos térmicos, mecanicos e quimicos. A
nocicepgdo normal envolve a deteccdo de temperaturas altas e baixas, assim como
estimulos mecénicos intensos. Ambos nociceptores originam-se da pele e oOrgédos e
terminam na camada superficial do corno dorsal na medula espinhal. Os axonios das
células do corno dorsal transmitem impulsos nociceptivos para o tdlamo e atraves deste
ao cortex cerebral, que processa a consciéncia dolorosa (Baron, 2006; Gilron et al.,
2006).

A estimulacdo nociva a algum tecido intacto causa uma dor de carater protetor.

Por outro lado, a dor patologica ocorre quando ha inflamacdo ou lesdo tecidual. Neste
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caso, ocorre sensibilizacao periférica e central, com a liberacdo de mediadores quimicos
no local da lesdo e em determinadas regides do sistema nervoso central (SNC), o que
intensifica a transmissdo nociceptiva. A partir destas alteracGes, ha possibilidade de
ocorrer modificacbes sensoriais peculiares da dor patologica, que sdo observadas
através da existéncia de hiperalgesia, que traduz um aumento da sensibilidade local a
estimulos potencialmente nocivos, além de alodinia, que representa uma resposta
dolorosa a estimulos considerados indcuos (Millan, 1999).

Neste contexto, a dor pode ser classificada como: aguda, que é sinal de alerta
para a presenca de lesdo tecidual, real ou potencial e, cronica, que é resultante da
persisténcia de estimulos nociceptivos, sendo que esta Gltima ndo pode ser considerada

uma dor aguda de longa duracéo (Ribeiro et al., 2002).

Nocicepc¢do Aguda

Os principais mediadores liberados na presenca de lesdo ou inflamacédo tecidual
sdo a substancia P e o glutamato (Zhuo, 2007). Quando ocorre dano, esta informacdo é
transmitida para o sistema SNC sem ocasionar nenhuma alteracdo. Porém, a inflamacéo
instalada ativa receptores silenciosos, tornando os mesmos sensiveis aos estimulos
mecanicos. Assim, ocorre persisténcia da neurotransmissao nociceptiva e, finalmente, a
hipersensibilidade desenvolvida no local da lesdo gera alodinia .

A neurotransmissdo glutamatérgica representa um grande passo iniciador das
alteracdes ocasionadas pela dor, pois o glutamato se liga a seus receptores NMDA,
AMPA e cainato, provocando a despolarizagcdo pds-sinaptica e propagacdo da
informacdo nociceptiva (Baron, 2006). Outro evento que corrobora com aparecimento
de hiperalgesia e alodinia é a ativacdo das enzimas oxido nitrico sintases (NOS), que

sdo responsaveis pela formacdo de Oxido nitrico. Este, por sua vez, interfere na
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nocicepc¢do atuando como mensageiro retrogrado, pois se difunde para os neurdnios pre-
sinapticos do corno dorsal, estimulando a liberacdo de neurotransmissores nos terminais
aferentes primarios (Aimar et al., 1998; Meller and Gebhart, 1993; Vetter et al., 2001;
Xu et al., 2007).

A glia também apresenta importancia na modulacdo da nocicepc¢éo. Esta contém
receptores de neurotransmissores, como glutamato e substancia P, que ao se ligarem aos
receptores correspondentes na glia, induzem a liberacdo de diversos mediadores como
citocinas, fatores de crescimento, espécies reativas de oxigénio, prostaglandinas, 6xido
nitrico e outros (Costigan et al., 2009; Watkins et al., 2001).

Os receptores glutamatérgicos participam na transmissdo nociceptiva,
principalmente na informacdo dolorosa neurogénica e nos aspectos relacionados a
hiperalgesia. A ativacdo prolongada e repetitiva das fibras aferentes C produzem um
aumento progressivo da magnitude da resposta, ocasionando um aumento na
excitabilidade, um fendmeno conhecido como wind up . O glutamato liberado pelas
fibras C estimula seus receptores ionotropicos, NMDA e AMPA, causando uma
resposta pos-sinaptica rapida. As fibras C também liberam substancia P, que é um
neuropeptideo capaz de estimular a liberacdo de glutamato. Esse conjunto de eventos
desencadeia diversas despolarizacdes pos-sinapticas e, assim, ativacdo das 6xido nitrico
sintases, que também tém acdo estimulatoria sobre a secre¢cdo de glutamato. Portanto,
diversos feedbacks positivos elevam a concentracdo de glutamato na fenda sinaptica
(Zhuo, 2007).

Atualmente, existem diversos modelos animais de dor aguda que reproduzem o0s
efeitos centrais e comportamentais ocorridos em humanos, dentre estes, destaca-se o
modelo de nocicep¢do aguda induzida pela injecdo intraplantar de capsaicina, o

principal agente pungente contido nas pimentas vermelhas (Komatsu et al., 2009).
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Receptores TRPV1

Os receptores TRP foram originalmente observados em moscas do género
Drosophila, onde funcionam como fotorreceptores. A resposta a luz mediada por estes
receptores € reduzida ap0s uma exposicdo prolongada; desta forma, esta familia de
receptores foi chamada de transient receptor potencial, TRP (Fein, 2009).

A familia TRP é dividida em seis subtipos: TRPC, TRPM, TRPP, TRPML,
TRPA e TRPV1, ou receptor vanildide. O TRPV1 é um canal seletivo para Ca*™, que
pode ser ativado pela capsaicina, aléem de ser estimulado por altas temperaturas e por
faixas de pH menores que 6,5. Este receptor foi caracterizado através de testes de
influxo de Ca™ em células ndo-neuronais transfectadas com cDNA de um RNA de
neurdnios do ganglio da raiz dorsal (Caterina et al., 1997). O receptor TRPV1 ¢
produzido nos neurdnios do ganglio da raiz dorsal e transportado até a periferia (Cho
and Valtschanoff, 2008).

A ativacdo dos receptores TRPV1 esta relacionada a eventos periféricos e
centrais (Chen et al., 2009). Durante o processo de hipersensibilidade central, uma
variedade de alteracdes celulares e moleculares, tanto ao nivel transcricional, quanto de
traducdo, pode ser desencadeada pela injecdo intraplantar de capsaicina em pequenos
roedores, através de mecanismos que envolvem a estimulacao destes receptores .

Foi demonstrado que a administracdo intradérmica aguda de capsaicina modula
a fosforilagdo do receptor NMDA de glutamato, especialmente das subunidades NR1 e
NR2B. A NR1 é uma subunidade essencial para a formagdo do receptor NDMA,
enquanto a subunidade NR2B é a mais expressa na espinha dorsal de ratos, sendo

também muito importante em alteracfes dolorosas. Ademais, sabe-se que a ativacao do
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TRPV1 leva ao aumento de glutamato, tanto em niveis periféricos, quanto centrais,
através de mecanismos gque envolvem a producéo de 6xido nitrico (Zhang et al., 2005).

Outro neuromodulador que age nas sinapses glutamatérgicas é o BDNF (fator
neurotrofico derivado do cérebro), uma neurotrofina bastante relevante nos processos
dolorosos, que atua como mediador no corno dorsal da medula espinhal. O BDNF
exerce a maior parte dos seus efeitos atraves da interacdo com os receptores TrkB
(tirosina quinase B). A ativacdo destes receptores modula as sinapses primarias na
medula espinhal e no hipocampo, liberando glutamato na area CA1l do hipocampo
(Malcangio and Lessmann, 2003). Além destas acOes, dados recentes da literatura
demonstram que a ativacdo dos receptores TRPV1 causa intensificacdo de atividade
central da glia, por meio da ativacdo das fibras C (Hathway et al., 2009). A glia atua
liberando diversos mediadores, incluindo bradicinina, fator de crescimento neural
(NGF) e prostaglandinas, que por sua vez, aumentam a media¢do nociceptiva térmical
do receptor TRPV1 (Katanosaka et al., 2008). Foi demonstrado que o antagonista de
receptores TRPV1, o SB-366791 € capaz de inibir as sinapses glutamatérgicas (Lappin
et al., 2006).

Um receptor envolvido com os efeitos decorrentes da ativacdo do TRPV1 é o
receptor sigma-1, pertencente ao sistema opidide. Agonistas destes receptores causam
efeito nociceptivo relacionado & ativacéo de vias glutamatérgicas. A ocorréncia alodinia
é observada ap0s a ativacdo de receptores sigma (Entrena et al., 2009; Guitart et al.,
2004). Recentemente foi evidenciado em camundongos knockout para o receptor sigma
1, a capacidade da injecdo intraplantar de capsaicina ndo produzir hipersensibilidade,
indicando uma forte relacgdo entre a atividade dos receptores TRPV1 e sigma-1 (Entrena

et al., 2009).
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Outro estudo bastante relevante conduzido por (Chuang et al., 2007) demonstrou
que a injecdo intra-prostatica de capsaicina produz aumento da expressdo da enzima
ciclo-oxigenase-2 (COX-2), além do aumento de células inflamatdrias, dentre outros
eventos. Acredita-se que a injecdo intraplantar de capsaicina produz os mesmos efeitos
em niveis centrais; porém, até o presente momento, ndo ha trabalhos que demonstrem

essa acdo e sua correlacdo com a enzima COX-2.

Estresse Oxidativo e Neuromodulacéo

Radicais livres sdo espécies quimicas com elétrons desemparelhados na sua
configuracdo eletrdnica, tornando estes compostos altamente reativos e lesivos aos
constituintes normais. Embora a presenca de oxigénio seja fundamental para o
metabolismo celular, sua estrutura eletrénica favorece a formacdo de intermediarios
ativos ao oxigénio que podem ter efeitos nocivos (Fridovich, 1998; Gabbita et al.,
2000).

O sistema nervoso tem particularidades que o leva a ser mais suscetivel ao
estresse oxidativo, incluindo as altas concentracbes de ferro e o grande consumo de
oxigénio. Além destes fatos, a grande concentracdo de acidos graxos poliinsaturados no
SNC faz com que estes sejam maiores alvos de lipoperoxidacdo, uma rea¢do onde as
moléculas organicas perdem um atomo de hidrogénio e um grupamento quimico,
alterando sua composicdo bioquimica (Dugan and Choi, 1999; Warner et al., 2004). As
lesbes nervosas periféricas ocasionam uma produgdo exacerbada de mediadores
quimicos inflamatdrios e essa resposta € intensificada pela producéo de radicais livres
(Khalil and Khodr, 2001; Khalil et al., 1999). A concentragdo aumentada de
aminoacidos excitatorios, um evento usual na nocicepc¢do aguda, também pode acarretar

estresse oxidativo no sistema nervoso central (Halliwell and Gutteridge, 1989). Estudos
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demonstram que a atividade excessiva dos receptores NMDA esta relacionada com o
aparecimento de estresse oxidativo no sistema nervoso, levando a morte celular
(Gabbita et al., 2000).

A dor aguda causada pela capsaicina intraplantar induz diversos eventos centrais
e periféricos, neuromodulando sinapses e levando ao aparecimento do estado de estresse
oxidativo central e periférico. Desta forma, o tratamento com antioxidantes pode ser
uma alternativa viavel para aliviar e alteragdes sensoriais através de acbes em nivel

central.

Antioxidantes

O tratamento com substancias antioxidantes diminui a degeneracédo hiperalgésica
(Crisp et al., 2006; Khalil and Khodr, 2001; Kim et al., 2004; Naik et al., 2006).
Entretanto, os mecanismos oxidantes ndo estdo s presentes nas regides periféricas, ja
que a injecdo intratecal de Vitamina E reduz significantemente as alteracfes sensoriais
apos lesdo nervosa periférica, possivelmente por diminuir a fosforilacdo do receptor
NMDA no corno dorsal espinhal (Kim et al., 2004).

Em diversos modelos experimentais de dor neuropatica, tanto por lesdes, quanto
por substancias pré-nociceptivas, também foi demonstrado um aumento na producéo de
espécies reativas de oxigénio (ERO) nas regides centrais de processamento nociceptivo
e esta acdo é revertida por antioxidantes (Lee et al., 2007; Viggiano et al., 2005).

Atualmente, substancias antioxidantes vém sendo apontadas para o manejo de
diversas doencas. O resveratrol (RSV), um polifenol obtido do vinho tinto, das cascas
de uvas vermelhas e de alguns grdos, vem sendo muito estudado devido ao seu alto
potencial antioxidante. A sintese deste composto ocorre naturalmente nas formas cis e

trans; a forma trans esta mais associada com as agdes benéficas do resveratrol. O trans-
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resveratrol pode ser convertido a forma cis na presenca de luz, sendo assim um
composto fotossensivel (Doré, 2005).

Os principais 6rgéos alvo do RSV séo figado, rins, coracdo, ovarios, pulmdes e o
cérebro. Devido a alta lipossolubilidade, este composto consegue cruzar a barreira
hemato-encefélica, atingindo assim o SNC, justificando suas ac¢fes neuroprotetoras
(Wang et al., 2004), A acdo antioxidante do RSV deve-se ao fato dos grupamentos
hidroxila do composto servirem de doadores de elétrons, neutralizando e sequestrando o
radical hidroxila e o anion superdxido, prevenindo a peroxidacéo lipidica (Leonard et
al., 2003; Lopez-Velez et al., 2003; Mokni et al., 2007).

Ha alguns estudos que demonstram efeitos benéficos marcantes para o RSV na
reversdo da neuropatia diabética. Sua acdo benéfica também foi demonstrada em outros
modelos de dor, como por exemplo, no modelo de ligacdo do nervo espinhal, atuando
na atividade e expressdo da enzima 6xido nitrico sintase (Pérez-Severiano et al., 2008;
Sharma et al., 2007b). A atividade antinociceptiva do RSV também parece estar
relacionada com a modulacdo da COX-2 e do receptor aril-hidrocarbono (AhR), que
quando ativado produz aumento transcri¢cdo celular. Outros mecanismos envolvem a
diminuicdo das correntes de sodio, com aumento da permeabilidade ao potéassio,
diminuindo a despolarizacdo neuronal (Gupta et al., 2004; Kim et al., 2004).

Foi demonstrado que a agdo antinociceptiva do resveratrol pode ser revertida
pela administragdo de naloxona, um antagoniosta opioide. Entretanto, ndo ha evidéncias
conclusivas sobre os efeitos do RSV em modelos de nocicepgdo aguda, como o modelo
da capsaicina, bem como, sobre qual seriam os efeitos deste composto sobre 0s

receptores TRPV1. (Gupta et al., 2004)
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A realizacdo do presente estudo baseia-se nas evidéncias da literatura que sé@o
apresentadas abaixo, que permitem correlacionar a nocicepcéo espontanea induzida pela

injecdo intraplantar de capsaicina e as a¢0es anti-nociceptivas do resveratrol:

1. Cicloxigenase-2: O resveratrol atua inibindo a atividade e expressdo da COX-2;
ademais, a injecdo intraprostatica de capsaicina aumenta a expressdo desta
enzima (Chuang et al., 2007; Gentilli et al., 2001);

2. c-Fos: A expressdo da proteina Fos, induzida por estimulo nocivo, pode também
ter relacdo com neuroplasticidade a dor patoldgica e hiperalgesia produzidas
também pela injecdo de capsaicina e glutamato (Prado and Del Bel, 1998)

3. Glutamato: A administracdo de resveratrol modula as sinapses glutamatérgicas
indiretamente, através da regulacdo da expressdo e atividade da oOxido nitrico
sintase induzida. J4, a ativacdo de receptores TRPV1 ocasiona a facilitacdo da
sinapse glutamatérgica (Pérez-Severiano et al., 2008; Peters et al., 2010; Sharma

etal., 2007a).

Neste sentido, a investigacdo dos efeitos do resveratrol sobre as respostas
centrais evocadas pela aplicacdo periférica de capsaicina e glutamato pode ser de
extrema relevancia para elucidar os mecanismos de a¢do deste composto anti-oxidante.
Os principais objetivos do presente projeto foram desenhados com base nas evidéncias

apresentadas acima e sdo apresentados a seguir.
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2. OBJETIVOS

2.1. Objetivo Geral
Investigar possiveis mecanismos de acdo envolvidos no efeito antinociceptivo de

trans-resveratrol no modelo de nocicepcdo espontanea induzida pela capsaicina e pelo

glutamato na pata de camundongos.
2.2. Objetivos Especificos

e Verificar atividade antinociceptiva de RSV em diferentes testes de dor aguda;
e Verificar sitio de acdo analgésica do RSV em diferentes testes de nocicepcao;
e Verificar mecanismo de acdo envolvido na atividade antinociceptiva de RSV

através de imunohistoquimica, em fatias de cértex e medula, para COX-2 e c-

Fos.
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3. ARTIGO
Os resultados do presente trabalho foram submetidos a revista Neuropharmacology,

fator de impacto 4.677.



22



23



24

New evidence on the mechanisms of action of resveratrol in acute models on
nociception in mice
Karen O. Bazzo', André A. Souto?, Thiago G. Lopes®, Marcus V. Gomez®*, Alessandra
H. Souza® *°, Maria M. Campos* *¢*
postgraduate Program in Medicine and Health Sciences, PUCRS, Porto Alegre, RS,
Brazil; 2School of Chemistry, PUCRS, Porto Alegre, RS, Brazil; Department of
Pathology, PUCRS, Porto Alegre, RS, Brazil; “Faculty of Medicine, UFMG, Belo
Horizonte, MG, Brasil; °Institute of Toxicology and Pharmacology, PUCRS, Porto

Alegre, RS, Brazil; °School of Dentistry, PUCRS, Porto Alegre, RS, Brazil.

Authors e-mail and address:

Karen Bazzo: E-mail: karenbazzo@gmail.com Address: Rua Olavo Bilac, B. Rio

Branco, 293, Caxias do Sul, RS, Brazil.

André A. Souto: E-mail: arigony@pucrs.br Address: PUCRS, Av. Ipiranga, 6681,

Porto Alegre, RS, Brazil.

Thiago G. Lopes: E-mail: tgiulianni@yahoo.com.br Address: Avenida Ipiranga, 6690,

Jardim Botanico, Porto Alegre, RS, Brazil.

Marcus V. Gomez: E-mail: marcusvgomez@gmail.com Address: Alfredo Balena, 190,

Sala 114, B. Santa Efigénia, Belo Horizonte, MG, Brazil.

Alessandra H. Souza: E-mail: alessandrahubnersouza@gmail.com Address: Alfredo

Balena, 190, Sala 114, B. Santa Efigénia, Belo Horizonte, MG, Brazil.

Maria M. Campos: E-mail: maria.campos@pucrs.br Address: PUCRS, Av. Ipiranga,

6681, Porto Alegre, RS, Brazil.


mailto:karenbazzo@gmail.com
mailto:arigony@pucrs.br
mailto:tgiulianni@yahoo.com.br
mailto:marcusvgomez@gmail.com
mailto:alessandrahubnersouza@gmail.com
mailto:maria.campos@pucrs.br

25

*Corresponding Author: Maria Martha Campos, School of Dentistry/Institute of
Toxicology, Pontificia Universidade Catolica do Rio Grande do Sul, Avenida Ipiranga,
6681, Partenon, 90619-900, Porto Alegre, RS, Brazil. Phone number: 55 51 3320 3562;
Fax number: 55 51 3320 3626.

E-mail: camposmmartha@yahoo.com; maria.campos@pucrs.br



mailto:maria.campos@pucrs.br

26

1. Introduction

Pain is an unpleasant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage (Cheng et al., 2003;
Merskey and Bogduk, 1994; Muralidharan and Smith, 2011) . Pain is a major health
problem that substantially reduces life quality and imparts high health costs and
economic loss to society. Pain usually starts with activation of sensory receptors called
nociceptors, which convey nociceptive information to the central nervous system
(CNS). Nociceptor activation involves many pathways and mediators, such as
glutamate, which is a pivotal neurotransmitter released in CNS (Young et al., 1995).
Glutamate is responsible for major central alterations that occur in acute pain, mainly by
activating ionotropic N-methyl-D-aspartate (NDMA) receptors (Gold and Gebhart,
2010; Haley et al., 1992; Pereira et al., 2011; Woolf, 2010). TRPV1 receptors are non-
selective cation channels that serve as receptors for noxious heat and vanilloids, such as
capsaicin. This class of receptors is associated with central hipersensivity, and
molecular alterations at transcriptional and translational levels (Komatsu et al., 2009).
The activation of both NMDA and TRPV1 receptors is deemed to be involved in central
mechanisms of acute pain.

Resveratrol (RSV) is a polyphenol compound, which is found in a wide variety
of plant species, being abundantly present in the seeds and skin of grapes. This
compound has been reported to have multiple biological activities such as anti-
inflammatory and anti-aging, antioxidant, anti-atherosclerotic, and anti-tumor activities
(Azorin-Ortufio et al., 2011; Li et al.,, 2011; Yan-Shi, 2011; Yoon et al., 2011).
Nevertheless, only some few studies have investigated the antinociceptive activities of
RSV. For instance, significant antinociceptive effects have been demonstrated for RSV

in the inflammatory hyperalgesia induced by carrageenan in rats (Gentilli et al., 2001).
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Of note, it was demonstrated that antinociceptive activity of RSV can be reversed by the
opioid antagonist naloxone (Gupta et al., 2004).

Animal models of acute pain, employing the administration of irritant agents
such as capsaicin and glutamate, have been frequently used to study nociception
mechanisms. Drug discovery and development continue to be a challenge, and new
approaches for pain management are urgently required (Burgess and Williams, 2010;
Enza et al., 2010). Following this rational, in the present study, we have evaluated, for
the first time, the effects of RSV in two acute models of spontaneous nociception,
induced by capsaicin and glutamate in mice, with special attempts to determine the
possible sites of action of RSV, as well as, some of the mechanisms implicated in its

effects.
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2. Methods
2.1. Animals

All animal care and experimental procedures were in accordance with the
current guidelines of the National Institutes of Health (NIH). Animal experiments were
approved by the local Animal Ethics Committee (protocol number: 10/00175). The
number of animals and intensities of noxious stimuli used were the minimum necessary
to demonstrate consistent effects of drug treatments.

Male Swiss mice (30 to 35 g, n=8 per group) were used. The animals were kept
on a 12-h light/dark cycle (light on at 7:00) at 22 + 1°C, housed in plastic cages (Six per
cage), with filtered water and commercial food ad libitum, under controlled humidity
(60 to 70 %) and temperature (22 + 2 °C). In all experiments, the animals were

acclimatized to the laboratory for at least 1 h before testing.

2.2. Drug administration protocols

Thirty min before the experimental sessions, the animals were placed
individually in observation chambers. After this adaptation period, RSV treatments
were given as follows: by oral route (p.o.) (50-200 mg/kg), intraplantarly (i.pl.) (25
pg/paw), intrathecally (i.t.) (150-600 pg/site, in 5 pl), all 30 min before testing, or by
intracerebroventricular pathway (i.c.v.) (300 pg/site, in 5 pl), 10 min before. Control
groups received saline solution at the same schedules of treatment. The doses and
intervals of drug administration were selected on the basis of published data or pilot

experiments (Falchi et al., 2010a; Granados-Soto et al., 2002; Ribas et al., 2008).
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2.3. Nociceptive Behavior
2.3.1. Capsaicin-induced nociception

The method used for capsaicin-induced licking was similar to previously
described (Sakurada et al., 1993). Following the appropriate intervals of time after RSV
administration, 20 ul of capsaicin (1.6 pg per paw) were injected under the plantar
surface of the right hindpaw (i.pl.). Animals were observed individually for 5 min for
the time spent licking the injected paw (in s), which was considered as indicative of

nociception.

2.3.2. Glutamate-induced nociception

The procedure adopted in the present study was similar to previously described
study (Beirith et al., 2002). The animals were pre-treated with RSV at the suitable time
intervals, and received an i.pl. injection of glutamate solution (10 umol per paw, 20 ul)
into the right hindpaw. Mice were observed individually for 15 min after glutamate
injection, and the amount of time spent in licking the injected paw (in s) was considered

as indicative of nociception.

2.3.4. Glutamate- or capsaicin-induced biting

This series of experiments was aimed at further investigating the possible central
effects of RSV. For this purpose, we used the methodology previously described. (Ribas
et al., 2008). Briefly, the animals received an i.t. injection containing glutamate (30 ug
in 5ul) or capsaicin (6.4 pg in 5ul), into the subdural space of the L5-L6 spinal
segments. The biting behavior was defined as a single head movement directed at the

flanks or hind limbs, resulting in contact of the animal’s snout (Hunskaar et al., 1986).
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RSV was administrated orally (100 mg/kg), 30 min before the nociception test, or it was

co-injected with glutamate or capsaicin, by i.t. route (300 pg in 5 pl).

2.4. Immunohistochemistry

The expression of c-Fos and COX-2, which are known biochemical markers of
nociception and inflammation, respectively, was measured by immunohistochemistry,
as previously described by. The spinal cords and the brains were rapidly excised 60 min
after capsaicin or glutamate application), and fixed in buffered neutral formalin.
Sections were mounted onto gelatine-coated slides. Rabbit polyclonal antibodies raised
against c-Fos and COX-2 (1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
were diluted in Tris-buffered saline containing 0.3% Triton X-100, 2% donkey serum
and 1% BSA, and the sections were incubated overnight at room temperature, before
being incubated for 2 h with biotinylated donkey anti-rabbit antibody (1:1000;
Amersham Pharmacia Biotech Europe, Freiburg, Germany), for 2 h with avidin-biotin
peroxidase complex (1:1000; Vectastain ABC kit, Vector laboratories, Burlingame, CA,
USA), and finally revealed with diaminobenzidine via the nickel-enhanced glucose-
oxidase method. The procedure also included negative controls with omission of the
primary antibody, which did not show any immunoreaction. The images were captured
by a digital camera (DS-5 M-L1, Nikon, NY, USA), connected to an optical microscope
(Nikon Eclipse 50i) and analysed through the Image NIH Image J 1.36b Software. The
number of c-Fos and COX-2 positive cells was quantified and expressed as the positive
area per field (Labrousse et al., 2009). For this series of experiments, we have used four

animals per group.
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2.5. Statistical analysis

The results are presented as the mean + standard error mean of 8 animals per
group. The percentages of inhibition were calculated as the mean of inhibitions obtained
for each individual experiment. Statistical comparison of the data was performed by t
student test or one-way analysis of variance (ANOVA) followed by Dunnet’s test or

Tukey test. P-values less than 0.05 (P <0.05) were considered significant.
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3. Results

3.1. Oral RSV reduces nociception induced by intraplantar injection of capsaicin or
glutamate

The results demonstrate that oral administration of RSV was able to significantly
reduce capsaicin-induced spontaneous nociception, at the doses of 50 and 100 mg/kg
(25 £ 11 % and 36 £ 10 %, respectively) (Fig. 1A). Furthermore, the oral treatment with
RSV (100 mg/kg) also produced a significant reduction of nociceptive behavior elicited
by glutamate (39 + 9 %) (Fig. 1B). These findings extend previous evidence on the
systemic antinociceptive effects of RSV. Therefore, we decided to investigate whether
RSV might be effective on capsaicin- or glutamate-induced nociception, when dosed by

other routes of administration.

3.2. Intraplantar RSV reduces nociception induced by glutamate but not by capsaicin

In this experimental set, RSV was co-injected with capsaicin or glutamate into
the hind paw. The results demonstrate that i.pl. administration of RSV was able to
markedly reduce glutamate-induced spontaneous nociception (Fig. 1D) (p<0.05; 67 + 9
%), although it failed to significantly affect capsaicin-induced nociception (Fig. 1C).
We might surmise that RSV acts via different pathways on capsaicin- and glutamate-

caused painful reactions.

3.3. Intrathecal RSV reduces nociception induced by capsaicin but not by glutamate
When injected by i.t. route, RSV significantly reversed the nociception induced
by capsaicin, either at the doses of 300 pg or 600 g per site (p<0.05), with percentages

of inhibition 52 £ 15% and 63 = 13 %, correspondingly (Fig. 2A). On the other hand,
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the i.t. administration of RSV did not elicit any alteration of glutamate-induced licking

(Fig. 2B).

3.4. Intracerebroventricular RSV inhibits nociception induced by capsaicin but not by
glutamate

The results show that i.c.v. administration of RSV displayed a partial inhibition
of capsaicin-induced spontaneous nociception (Fig. 2C) (p<0.01; 13+ 2 %), without
affecting glutamate-induced nociception (Fig. 2D). This evidence corroborates our
hypothesis, indicating that RSV acts by different pathways depending on the

nociceptive stimuli.

3.5. Intrathecal RSV reduces biting nociception induced by i.t. glutamate but not by i.t.
capsaicin

When tested by i.t route, RSV was found able to significantly reduce glutamate-
induced biting behavior (Fig. 2F) (p<0.05, 29 + 8 %), whereas it was not effective in
changing capsaicin induced-biting (Fig. 2E). This indicates that RSV displays different

effects on acute pain, depending on the route of administration of algogenic agents.

3.6. Immunohistochemistry for c-Fos following i.pl. injection of capsaicin or glutamate
To investigate whether RSV inhibition would be able to reduce the expression
of the neuronal activation marker c-Fos, we have performed an immunohistochemistry
analysis of lumbar spinal cord and cortex sections. RSV was administrated orally, at the
dose of 100 mg/kg. This scheme of treatment resulted in a significant inhibition of
capsaicin-induced increased of c-Fos expression, according to assessment in L3-L6

spinal segments (Fig. 3A) (p<0.01). Otherwise, RSV was not capable of significantly
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inhibiting capsaicin-induced increased in c-Fos levels at the brain cortex, although the
immunolabeling was virtually reduced in RSV-treated animals (Fig. 3B, Fig. 3
representative images 3C panels a to h). The oral administration of RSV (100 mg/kg)
also failed to affect the increase of c-Fos labeling in glutamate-injected mice, either in
spinal cord (Fig. 4A) or brain sections (Fig. 4B). The representative images for these

experiments are depicted in the Figure 4C, panels a to h.

3.7. COX-2 Immunohistochemistry

The administration of RSV (100 mg/kg, p.o.) resulted in a significant
diminishment of COX-2 expression at L3-L6 spinal segments (Fig. 5A) and also in
cerebral cortex sections from capsaicin-injected mice (p<0.05) (Fig. 5B, representative
images Figure 5C, panels a to h). Conversely, RSV did not interfere with COX-2
immunopositivity allied to glutamate i.pl. injection, in neither the spinal cord (Figure
6A) or cortex brain sections (Fig. 6B). The representative images for this series of

experiments are depicted in Fig. 6C, panels a to h.
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4. Discussion

The investigation of new molecules that are effective in management of
nociception and inflammatory processes represents a very attractive field of research.
The current analgesic therapeutic arsenal have been found to be only partially effective,
and their use is commonly associated with serious side-effects (Jones, 2011).

RSV is a polyphenol, well-known by its anti-inflammatory and anti-tumoral
actions (Busquets et al., 2007; Das and Das, 2007). Some few studies have reported
analgesic effects for RSV, according to assessment in animal models of diabetic
neuropathy, or in formalin and carrageenan tests, although its mechanisms of action
remain to be determined (Pham-Marcou et al., 2008; Sharma et al., 2007; Torres-L6pez
et al., 2002). Therefore, the present study was designed to investigate the effects of RSV
on the nociceptive responses induced by capsaicin and glutamate, when these
nociceptive agents were injected into the mouse paw or by i.t. route. Some efforts have
been made to determine the possible anatomical sites related to RSV effects on
capsaicin- or glutamate-elicited pain behavior. We have also evaluated some of the
mechanisms implicated in the systemic analgesic effects of RSV.

Initially, RSV was tested orally, and this compound was administered 30 min
before the spontaneous nociception induced by capsaicin or glutamate, in doses ranging
from 50 to 200 mg/kg. Of note, the oral treatment with RSV was able to produce a
significant reduction of paw licking caused by either capsaicin or glutamate, without
clear dose-related effects. Recent studies demonstrated a great analgesic effect for RSV
at the dose of 100 mg/kg, p.o., in the capsaicin test, confirming our findings (Montiel-
Ruiz et al., 2009). Nevertheless, to the present moment, there are no previous studies
investigating the effects of RSV in the nociception induced by glutamate. Concerning

the mechanisms related to the analgesic activity observed for RSV, it has been
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suggested that RSV analgesia is partly mediated via opioid release, as this compound
produces crossed-tolerance with morphine (Gupta et al., 2004).

In an attempt to verify the possible sites of action of this compound, we decided
to evaluate the effects of RSV when given by other pathways of administration.
Interestingly, the co-injection of RSV into the mouse paw, at the dose of 200 pg/site,
was able to largely reverse the nociceptive responses elicited by glutamate, although it
failed to significantly affect the pain-like behavior induced by capsaicin. It is worth
mentioning that this dose of RSV was selected on the basis of previous studies
(Granados-Soto et al., 2002), and it was found active in the formalin test. Our data on
the capsaicin model allow us to suggest that RSV does not act peripherally in relation to
TRPV1 activation. Otherwise, it is feasible to consider that RSV might interfere with
glutamate receptors, namely NMDA, at periphery sites. In a previous study conducted
in rats, it was demonstrated that peripheral antinociceptive effects of RSV in the
formalin model are likely related to the opening of large and small conductance Ca*
activated K" channels, but not ATP-sensitive K channels (Granados-Soto et al., 2002).
This might well explain the actions of RSV on glutamate-induced pain, when this
algogenic agent is injected into the mouse hindpaw.

As another experimental approach, we have further evaluated the actions of
RSV, when this compound was given by i.t. route. The doses used by us were based on
the previous study published by (Pérez-Severiano et al., 2008). Significant effects were
observed for RSV at the doses of 300 and 600 ug/site, when nociception was induced
by capsaicin, but not by glutamate. This is highly suggestive for a central
antinociceptive action for RSV in the capsaicin model. We might suggest that RSV
might interfere with TRPV1 activation at the spinal levels of pain processing.

Accordingly, some studies on chronic nociception have suggested that RSV could
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activate the proteins of the NO—cyclic GMP—PKG pathway or large-conductance Ca**-
activated, but not ATP-sensitive, K* channels at the spinal cord, restoring altered NOS
activity and expression, what led to a reduction of allodynia in neuropathic rats (Pérez-
Severiano et al., 2008).

To additionally assess the central effects of RSV, this compound was injected
i.c.v., at the dose of 300 pg/site. Again, a partial, but significant antinociceptive effect
was found in the capsaicin model, but not in the glutamate-induced pain behavior. To
our knowledge, until the moment, there are no studies showing the effects of RSV when
injected by i.c.v. route, in the nociception context. Of note, a previous publication has
demonstrated that i.c.v. administration of RSV was able to exhibit anti-diabetic actions
in mice (Ramadori et al., 2009). Nevertheless, this series of experiments reinforce the
previous hypothesis that RSV probably interferes with central pain transmission via
TRPV1 receptor activation, although the spinal cord seems to be a most important site
of action for RSV.

To further investigate the analgesic effects of RSV, we have analyzed the biting
behavior evoked by the i.t. injection of glutamate or capsaicin, by application into the
subdural space of the L5-L6 spinal segments. Unexpectedly, the combination of RSV
was able to reverse the biting behavior induced by glutamate, whilst it failed to
significantly alter the biting activity elicited by i.t. injection of capsaicin. Nevertheless,
at the CNS, RSV is known to inhibit Na* currents in the dorsal root ganglion neurons
(Kim et al., 2005). It might be hypothesized that RSV exerts suppression or antagonism
on the kinetics of Na™ currents, affecting the excitability of the dorsal root neurons, and
consequently glutamate-induced biting. Of note, it was recently demonstrated that i.t.
injection of guanosine, a guanine based-purine, inhibited the nociceptive response

induced by i.t. injection of glutamate, although it failed to affect capsaicin-mediated
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biting response in mice (Schmidt et al., 2009), as showed for RSV in the present study.
It is tempting to propose that RSV is able to interfere with the signaling pathways
activated by glutamate in the spinal cord, following the activation of either ionotropic or
metabotropic receptors. Concerning the capsaicin model, our data is highly suggestive
for a central antinociceptive action for RSV, when this compound was dosed 10 min
before capsaicin-induced spontaneous nociception. Otherwise, RSV failed to
significantly alter the biting behavior elicited by i.t. injection of capsaicin, when
administered concurrently at the spinal level. To interpret our data, we also need to
consider that the capsaicin concentration and/or the site of injection of this pungent
agent might directly influence the open and closed TRPV1 channel states, likely via
PKC-mediated phosphorylation, what can be responsible for the differences in the
effects of RSV, as observed by us (Hui et al., 2003; Studer and McNaughton, 2010).
The systemic analgesic action of RSV observed in the two models of acute pain
led us to further investigate the possible mechanisms underlying these effects. COX-2 is
responsible for the elevated production of prostanoids at the inflammatory sites (Warner
and Mitchell, 2004). Previous studies have demonstrated that RSV is effective in
blocking both the expression and the activity of COX-2 (Pham-Marcou et al., 2008).
The analgesic activity of RSV seems to be related to various pathways of the pain
control. COX-2 inhibition and K* channel opening have been suggested as the main
underlying mechanisms (Bertelli et al., 2008; Falchi et al., 2010b). In the present study,
we clearly demonstrate that i.pl. injection of capsaicin into the mouse paw resulted in a
marked increase of COX-2 immunopositivity in spinal cord and cortex sections, which
likely contributes to development of central sensitization. It has been previously shown
that intraprostatic injection of capsaicin resulted in increased central expression of

COX-2 (Chuang et al., 2007). Interestingly, the oral administration of RSV to mice was
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able to significantly reduce capsaicin-induced COX-2 expression in both the spinal cord
and the brain cortex. These findings allow us to suggest that RSV might affect COX-2
induction, when nociception involves the activation of TRPV1 receptors by capsaicin.

A recent publication demonstrated that excitotoxic events lead to increased
COX-2 expression, supporting our results on the increased central levels of COX-2 after
glutamate peripheral injection. However, the systemic treatment with RSV failed to
affect the up-regulation of COX-2, according to assessment at the spinal cord or the
brain cortex of glutamate-injected mice (Stark and Bazan, 2011). This might explain, at
least in part, the absence of effects of RSV on glutamate-induced licking, when this
compound was administered by i.t. or i.c.v. routes.

Nociceptive stimulus modulates several pathways and influence transcriptional
and translational levels of many molecules, including the activation of immediate genes,
such as c-Fos, which has been markedly associated to nociception (Liu et al., 2011).
Thus, we also decided to evaluate whether the systemic administration of RSV could
affect c-Fos expression in the CNS. It was previously demonstrated that TRPV1
peripheral activation induced by capsaicin lead to modifications on spinal cord glia in
mice (Chen et al., 2009), resulting in increased c-Fos expression (Hossaini et al., 2011).
These pieces of evidence corroborate our data showing that capsaicin injection into the
mouse paw resulted in a significant increase of c-Fos immunelabeling at both the spinal
cord and brain cortex segments. Notably, in our study, RSV significantly reduced the c-
Fos expression-induced by capsaicin in the spinal cord, but not in the cortex. On the
basis of this data, it is tempting to suggest that RSV mechanisms of action probably
involve the modulation of TRPV1 activation in the spinal cord, allied to changes in c-

Fos expression. We can also infer that the most prominent effects of RSV when injected
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by i.t.,, in comparison to i.c.v route, in the capsaicin model, might be consequence of
modulation of spinal c-Fos expression.

It was previously demonstrated that i.pl. injection of glutamate induced an
elevation of c-Fos levels in the mouse spinal cord (Lin et al., 2009). Our results confirm
and extend this evidence showing that application of glutamate into the mouse paw
resulted in a marked increase of c-Fos immunopositivity in either the spinal cord or the
brain cortex. Nevertheless, the oral administration of RSV failed to affect glutamate-
induced c-Fos activation in both anatomical sites. This is in accord with functional data
obtained in the licking model, further confirming that RSV acts peripherally, when the
nociception is induced by glutamate. However, additional studies are necessary to

confirm this hypothesis.

4.1. Conclusions

Collectively, our data bring novel evidence on the possible mechanisms of
action of RSV in pain processing. Therefore, the oral administration of RSV elicited
antinociceptive effects in the licking models induced by both capsaicin and glutamate.
From the experiments using different routes of administration, it is possible to conclude
that in the case of capsaicin, RSV appears to affect the spinal TRPV1 activation, via
mechanisms likely involving c-Fos activation and COX-2 expression. Otherwise, in the
glutamate-induce licking, the actions of RSV seem to take place mainly at peripheral
sites. Nevertheless, RSV also displayed antinociceptive effects in glutamate-induced
biting behavior, indicating the relevance of additional mechanisms of action for that
naturally-based compound. An overall analysis of our results allows us to suggest that
mechanisms of action of RSV might be different depending on the algogenic stimulus,

as well as the site of administration.
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of i.c.v. administration of RSV 10 min (300 pg/ 5ul) before capsaicin-induced
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spontaneous nociception (C) and nociceptive behavior elicited by glutamate (D). Effect
of i.t. administration of RSV with capsaicin-induced spontaneous nociception (6.4
ug/5ul) (E) and nociceptive behavior elicited by glutamate (6 pg/Sul) (F). Each column
represents the mean + sem for 8 animals per group. *p<0.05, **p<0.01, by Dunnett’s

test compared with the vehicle-treated group.



46

200+ 40-
(=] *
£ 1501 £ 30-
-] °
g 100+ g 20-
E £
= p =
o [
== O
T $ 10- T
* ®
" Vehicle RSV Capsaicin  Capsaicin 0- - = —
Vehicle RSV Capsaicin  Capsaicin
emiko, poy emag.pol (181wka) (e "E,"’"” (10 mlikg, p.o.) (100 mg/kg, p.o.) (1,6 pglpaw) (1,6 pglpaw)
RSV R;V
HOVRaKG:pt) (100 mg/kg, p.o.)
c Vehicle RSV Capsaicin Capsaicin + RSV
(10 ml/kg, p.o.) (100 mg/kg, p.o.) (1.6 uglpaw)r . (1,6 pug/paw,100 mg/kg, p.o.)
Lumbar
spinal cord
segments
Cortex

Fig 3. Immunohistochemistry analysis for c-fos, mice treated with RSV (100 mg/kg)
administered p.o., 30 min before capsaicin injection. Graphic representation of
immunostaining for c-fos in spinal cord (A) and cortex (B). *p<0,05.
Immunohistochemistry representation (C) by Tukey’s test compared with the vehicle-

treated group. Results are expressed as the mean + sem for 4 animals per group.
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immunostaining for c-fos in spinal cord (A) and cortex (B). Immunohistochemistry
representation (C), by Tukey’s test compared with the vehicle-treated group. Results are

expressed as the mean + sem for 4 animals per group.
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Immunohistochemistry representation (C), by Tukey’s test compared with the vehicle-

treated group. Results are expressed as the mean + sem for 4 animals per group.
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CONSIDERACOES FINAIS

A cada ano, novos medicamentos sdo lancados no mercado, favorecendo o
aumento da expectativa de seus usuarios e o melhor controle das doengas. Os agentes
terapéuticos medicamentosos modernos tém contribuido favoravelmente contra as
varias moléstias que acometem a humanidade. No entanto, em algumas situacdes, seu
uso cria efeitos indesejaveis a saude (Mahmud et al., 2006).

Estudos e registros sobre intoxicacdes e reacdes adversas em varios paises,
incluindo o Brasil, demonstram que os medicamentos sdo responsaveis por grande parte
dos atendimentos nos Centros de Controle de Intoxicacbes e, em especial, 0s
analgesicos. Desta forma, o desenvolvimento de novos farmacos com minimizacéo de
efeitos adversos torna-se uma abordagem relevante para a realidade atual (Gandolfi and
Andrade, 2006; Kawano et al., 2006; Santos and Nitrini, 2004).

Neste estudo, demonstramos o efeito antinociceptivo do RSV em dois modelos
de nocicepcdo aguda induzida por capsaicina e glutamato. Interessantemente, uma Unica
dose via oral mostrou-se efetiva em ambos modelos, indicando uma acdo farmacolégica
satisfatoria para o composto. Quando testado por outras vias de administracdo, 0 RSV
apresentou diferentes sitios de acdo, conforme o estimulo nociceptivo. No caso da
nocicepgédo induzida pela capsaicina, que envolve a ativacdo de receptores TRPV1, o
efeito analgésico foi central; j&, na nocicepcdo induzida pela ativacdo de canais NDMA,
apos a injecdo de glutamato, o RSV parece exercer uma agdo periférica.

Para investigar o mecanismo de acdo do RSV, o marcador de ativacdo neural, c-
Fos, e a enzima ciclooxigenase 2, COX-2, foram quantificados em fatias de medula
espinhal e cortex através de imunohistoquimica. Os niveis de c-Fos mostraram-se

elevados nos segmentos da medula espinhal quando a nocicepgdo foi induzida pela
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capsaicina; neste modelo; foi possivel observar a modulacdo de COX-2 no cortex e na
medula espinhal, confirmando os dados comportamentais que indicam a acao central de
RSV no modelo de nocicepcdo causado pela aplicacdo i.p.l. induzida pela capsaicina
(Figura 1).

Ja, no modelo de nocicepcdo causada por glutamato, os niveis de c-Fos e COX-2
ndo foram significativamente elevados em fatias de medula espinhal e cortex, embora
haja uma tendéncia vista na quantificacdo destes marcadores, confirmando assim, 0s
dados obtidos nas analises comportamentais que indicaram acdo periférica de RSV,
guando a nocicepcdo foi induzida pela ativacdo de receptores NDMA (Figura 1).

Baseado no fato de que atualmente poucos estudos esclarecem a acdo do RSV
em modelos de nocicepcao, o presente trabalho evidenciou novos mecanismos de agédo
para este composto. De fato, na literatura, sdo propostos diversos mecanismos de acao
distintos para o0 RSV, embora existam poucas evidéncias que expliquem os seus efeitos
antinociceptivos;

Com base nos dados apresentados, pode-se concluir que: (i) 0 RSV tem efeito
antinociceptivo nos modelos de nocicepcdo espontanea induzida por capsaicina e
glutamato; (ii) quando a nocicep¢do envolve a ativacdo de receptores TRPV1, este
efeito tem como sitio de acdo o SNC, envolvendo o aumento da expressdo de c-Fos e
COX-2; (iii) no caso da nocicepgdo que envolve a ativagdo de receptores NDMA, este
mecanismo de acdo ocorre na regido periférica, ou, referente ao local de indugéo, ndo
envolvendo modificacOes de expressédo de c-Fos ou COX-2. Desta forma, o presente
trabalho contribui para os conhecimentos atuais sobre este composto, fornecendo

evidéncias importantes sobre 0 RSV.
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Figura 1. Representacdo gréfica do mecanismo de a¢do do RSV em dois modelos de

nocicepc¢ao aguda.
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