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RESUMO

Dissertacdo de Mestrado
Programa de Pés-Graduacdo em Farmacologia

Universidade Federal de Santa Maria, RS, Brasil

ENVOLVIMENTO DO RECEPTOR DE POTENCIAL TRANSITORIO Al (TRPA1) EM UM
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Algumas formas de dor neuropética sdo mantidos por fibras simpaticas, contudo os
mecanismos subjacentes sdo pouco compreendidos. Assim, o objetivo deste estudo
foi investigar o possivel envolvimento do receptor TRPAL, bem como o papel do
sistema nervoso simpatico num modelo de dor neuropatica induzido pela constricdo
cronica do nervo ciatico (CCl) em camundongos. A administracdo sistémica do
antagonista seletivo do receptor TRPA1, HC-030031, reverteu a alodinia mecéanica e
ao frio induzida pela CCI. A injecao de uma baixa dose do agonista do receptor
TRPAL, isotiocianato de alila, induziu uma resposta nociceptiva nos animais que
sofreram a lesdo no nervo, sem alterar a imunorreatividade do TRPA1 na pata
injetada. Além disso, a simpatectomia quimica produzida pela guanetidina
amplamente previniu a alodinia mecéanica e ao frio induzida pela CCI. Ainda, a
injecdo intraplantar de norepinefrina induziu nocicepcdo espontanea, a qual foi
reduzida pelo antagonista a-adrenérgico, inibidor do transportador de norepinefrina e
inibidor da enzima monoamina oxidase.

Finalmente, a administracdo periférica do HC-030031 reduziu a nocicepgado
espontanea induzida pela norepinefrina e também a alodinia mecanica e térmica de
animais neuropaticos. Assim, nossos resultados revelam o papel critico do receptor

TRPA1 na alodinia mecanica e ao frio, bem como na hipersensibilidade a
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norepinefrina apos lesdo do nervo em um modelo de dor neuropética mantida pelo
simpético. Dessa forma, o receptor TRPA1l podera ser um alvo para o

desenvolvimento de novos tratamentos para esse tipo de dor.

Palavras-chave: Contricdo Crbnica do Nervo Ciatico; antagonista TRPAI;

norepinefrina; adrenoreceptor; alodinia frio; alodinia mecéanica.
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INVOLVEMENT OF TRANSIENT RECEPTOR POTENTIAL A1(TRPA1) ON MODEL OF
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Advisor: Eunice André
Co-Advisor: Juliano Ferreira
Place and date: Santa Maria, may, 26", 2012.

Some forms of neuropathic pain are maintained by sympathetic fibers, but the
underlying mechanisms are poorly understood. Thus, the aim of this study was to
investigate the possible involvement of the TRPAL receptor as well as the role of the
sympathetic nervous system (involved in sympathetically maintained neuropathic
pain) in a model of neuropathic pain induced by chronic sciatic nerve constriction
injury (CCI) in mice. The systemic injection of the selective TRPA1 antagonist HC-
030031 reversed both mechanical and cold allodynia induced by chronic sciatic
nerve constriction injury. Nerve injury also sensitizes mice to the nociception induced
by the intraplantar injection of a low dose of the TRPAL agonist allyl isothiocyanate
without changing TRPAL1 immunoreactivity in the injected paw. Furthermore, the
chemical sympathectomy produced by guanethidine largely prevented CCI-induced
mechanical and cold allodynia. CCIl also induced a norepinephrine-trigged
nociception that was inhibited by a-adrenoceptor antagonism and norepinephrine
transporter and monoamine oxidase inhibition. Finally, the peripheral injection of HC-
030031 also largely reduced CClI-induced nociception by norepinephrine and
mechanical or cold allodynia. Taken together, the present findings reveal the critical
role of TRPA1 in mechanical and cold hypersensitivity as well as in hypersensitivity to
norepinephrine following nerve injury. This article presents the role of TRPAl

receptor on the sympathetically-maintained nociception induced by nerve injury in



mice. Our results suggest that TRPAL antagonists may be useful to treat neuropathic

patients that present sympathetically maintained pain.

Key words: chronic constriction injury; TRPAL antagonist; norepinephrine;

adrenoceptor; cold allodynia; mechanical allodynia.
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APRESENTACAO

No item INTRODUCAO esta descrita uma breve revisdo sobre os temas
abordados nesta dissertacao.

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a
forma de artigo, o qual se encontra no item ARTIGO. As secOes Materiais e
Métodos, Resultados, Discussdo e Referéncias Bibliograficas encontram-se no
proprio artigo e representam a integra deste estudo.

O item CONCLUSAO, encontrado no final desta dissertacdo, apresenta
interpretacdes e comentarios gerais sobre o artigo cientifico contido neste trabalho.

O item REFERENCIAS BIBLIOGRAFICAS refere-se somente as citacdes
que aparecem nos itens INTRODUCAO, REVISAO BIBLIOGRAFICA e
DISCUSSAO desta dissertacao.
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A dor neuropética segundo o Comité de Taxonomia da IASP é definida como
“‘uma consequéncia direta de lesdo ou doencga que afeta o sistema somatosensorial”
(LOESER & TREEDE, 2008). E uma dor relativamente comum, acometendo
aproximadamente 1% da populacdo (NICHOLSON, 2000). Essa dor esta associada
a diversos tipos de injuria do sistema nervoso, podendo ser iniciada apds leséo
nervosa, uso cronico de determinadas drogas ou associada a algumas patologias e
alteracdes metabdlicas como a diabetes (CHONG et al., 2003).

Assim, a geracdo e a modulacdo da dor neuropética envolvem tanto
mecanismos periféricos quanto centrais (WHITE et al.,, 2007). A lesdo de nervos
periféricos esta freqientemente acompanhada de inflamacdo local transitéria,
contribuindo para o inicio da sensacdo dolorosa. Nesse sentido, como na dor
inflamatoria, na dor neuropatica também estdo envolvidos alguns mediadores
inflamatorios (JI e STRICHARTZ, 2004). Os mecanismos exatos da instalacdo do
quadro de dor neuropatica ainda ndo estdo bem compreendidos. No entanto,
segundo MacFarlane e colaboradores (1997) o desenvolvimento de dor cronica apés
lesdo do nervo pode ocorrer através de alteragcdes no corno dorsal da medula
espinhal, como excitabilidade aumentada, inibicdo diminuida, reestruturacédo
organizacional das células e, eventualmente, mudanca no fenotipo. Essas alteracbes
ocorrem principalmente devido a uma estimulacdo excessiva de fibras nervosas
aferentes primarias (nociceptores), uma vez que estes estdo com limiar de ativacao
mais baixo (hipersensibilidade) (COUTAUX et al., 2005).

Além disso, as neuropatias periféricas estdo associadas a disfuncdo e morte
neuronal. Evidéncias sugerem que essa morte celular esteja em parte, associada a
efeitos neurotoxicos intracelulares gerados por metabdlitos de catecolaminas, como

espécies reativas de oxigénio e principalmente o 3,4-diidroxifenilglicolaldeido
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(DOPEGAL), devido acao da enzima monoamina oxidase (MAO; EC 1.4.3.4) (DINA
et al., 2008).

A MAO é uma flavoproteina localizada na membrana mitocondrial externa de
diversas células, como neurdnios e células da glia, e que catalisa a desaminacéo
oxidativa de diversas aminas, incluindo a noradrenalina (SHIH et al., 1999; YOUDIM
et al.,, 2006). Esses fatores associados a sensibilizacdo central podem contribuir
para o desenvolvimento de dor espontanea, de hiperalgesia e alodinia caracteristico
de pacientes que sofrem com dores do tipo neuropatica (SCHAIBLE & RICHTER,
2004). Considera-se a existéncia de dois tipos de dor neuropatica: a dor mantida
pela atividade simpatica e a dor independente desta atividade (DEVOR et al., 1994).
No primeiro caso, sugere-se que neurdnios sensoriais na regido da leséo
apresentam aumento da resposta nociceptiva a adrenalina circulante ou
noradrenalina liberada das terminacdes simpaticas pos-ganglionares (SELTZER,
1999).

Na ultima década, muitas moléculas de transducdo da nocicepc¢ao tém sido
identificadas sendo a familia dos receptores de potencial transitério (TRP) o maior
grupo de detectores de estimulos nocivos (PATAPOUTIAN et al., 2009). Alguns
estudos tém demonstrado que a dor neuropatica pode ser mediada por alguns
membros da superfamilia TRP (LEVINE et al, 2007;. DUBIN et al, 2010;. MARTINS
et al,. 2010).

Desta familia destacaremos o receptor TRP do tipo anquirina 1 (TRPA1) que
foi primeiramente descrito como sendo ativado por temperaturas mais baixas que
17°C (STORY et al., 2003; CALIXTO et al., 2005; PATAPOUTIAN, TATE, WOOLF,
2009). Esses receptores sao ativados por estimulos mecanicos e substancias

pungentes derivadas de plantas incluindo o isotiocianato de alila (derivada da
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mostarda amarela), o cinamaldeido (derivada da canela), a alicina (presente no
alho), além de ativadores enddgenos como produtos de peroxidacao lipidica (4-
hidroxinonenal) e espécies reativas de oxigénio (BANDELL et al., 2004; JORDT et
al.,2004; MAPHERSON et al., 2005; TREVISANI et al., 2007).

Como o receptor TRPAL pode ser encontrado nas terminacées e nos corpos
celulares de neurbnios sensoriais, sua ativacdo pode estar relacionada com
mecanismos de desenvolvimento de dor (CATERINA et al., 1997). Dessa forma,
considerando que modelos animais de neuropatia permitem explorar esses
mecanismos, o0 presente estudo pretende avaliar o envolvimento do receptor TRPAL
em um modelo animal de leséo por constricdo crénica do nervo ciatico (CCIl). Como
o metabolismo da noradrenalina induz producdo de espécies quimicas reativas, 0
TRPA1 sendo um sensor destas espécies pode estar envolvido com o
desenvolvimento de alguns tipos de dor neuropatica.

Mais recentemente, animais expostos ao modelo de CCI demonstraram
atividade espontanea aumentada nos neurbnios aferentes primarios, expansdo
simpatica no ganglio da raiz dorsal e redu¢cdo do numero de ax6nios mielinizados
que promovem conducdo do estimulo doloroso no local da lesdo (CHUDLER &
ANDERSON, 2002).

Diante das evidéncias acima citadas parece que o receptor TRPA1 poderia
apresentar um papel critico no desenvolvimento da dor neuropatica mantida pelo
sistema nervoso simpatico em camundongos. Assim, o receptor TRPAL poderia ser

um alvo para o desenvolvimento de novos tratamentos para esse tipo de dor.
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2.1. Objetivo Geral

Avaliar o envolvimento do receptor TRPA1 em um modelo de dor neuropatica

mantida pelo sistema nervoso simpatico em camundongos.

2.2. Objetivos Especificos

2.2.1. Avaliar o envolvimento do receptor de potencial transitério TRPAL sobre a

alodinia mecénica e ao frio no modelo de dor neuropatica da CCl,

2.2.2. Verificar a imunoreatividade do receptor TRPAL no nervo ciatico e na pata

de animais falso-operados e neuropaticos;

2.2.3. Verificar uma possivel participacdo do sistema nervoso simpatico no

modelo de dor neuropética CCI;

2.2.4. Investigar o possivel envolvimento de mecanismos periféricos na

nocicepc¢édo induzida pela norepinefrina em animais neuropéticos.
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3.1. Dor

3.1.1 Dor consideracdes gerais

O termo dor, conforme a Associacdo Internacional para o Estudo da Dor
(“IASP”-International Association for the Study of Pain), conceitua-se como uma
experiéncia sensorial e emocional desagradavel, associada a uma leséo tecidual
atual ou potencial (Pain 1986).

A dor aguda tem funcéo biolégica de preservacdo de integridade e defesa,
pois denota uma lesdo ou iminéncia de lesdo tecidual. Por outro lado, a dor muitas
vezes evolui de um sistema de alerta para uma dor cronica e debilitante. A dor
cronica € uma das principais causas de incapacidade e afastamento do trabalho,
perda de funcionalidade e da qualidade de vida. Apesar dos avancos nas diversas
areas de conhecimento relacionadas a dor, como epidemiologia, fisiopatologia e
terapéuticas, os resultados dos tratamentos como prevencao das recorréncias ainda
ndo séo satisfatérios (JULIUS & BASBAUM 2001).

A OMS (Organizacdo Mundial da Saude) estima que 20% dos individuos em
todo o mundo apresentam algum grau de dor crénica (TURK et al., 2011). No Brasil
nao existem informacdes precisas, ja nos Estados Unidos 31% da populagcdo tem
dor crbnica, o que representaria 86 milhdes de norte americanos, ocorrendo uma
incapacidade total ou parcial em 75% deles (65 milhdes) (Panchal S. John Hopkins
Medical School. 2000). As estimativas para o custo total desse tipo de dor excedem
210 milhdes de ddlares anualmente nos EUA, enquanto que no Reino Unido, o0 custo
estimado fica entre 26 a 49 bilhdes de dolares a cada ano (TURK et al., 2011).

A dor crbnica nao oncolégica € geralmente definida como uma dor com
duracdo superior a 3 meses ou além do esperado periodo de cicatrizacdo do tecido
lesado. A intensidade da dor, no entanto ndo esta correlacionada com a quantidade
de dano e os sintomas podem persistir por muito tempo depois da leséao tecidual
(GATCHEL 2007, CHENG 2010). Pesquisas sugerem que a dor cronica pode ser
resultado de um estimulo constante de nociceptores devido a alteracdes teciduais
provocadas por uma lesdo aguda, doenca, danos no sistema nervoso periférico,
central ou ambos. Este tipo de dor ndo € facilmente detectavel com as tecnologias
de diagndstico atualmente disponiveis (CHENG 2010, TURK et al.,2011).
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A dor é uma experiéncia complexa que envolve a transducdo de estimulos
nocivos advindos do ambiente, mas também seu processamento cognitivo e
emocional, realizado pelo Sistema Nervoso Central (SNC) (JULIUS & BASBAUM,
2001). Considerando essa definicdo, pode-se citar um componente fisiologico e
outro psicoldgico ou emocional, e a juncao de ambos € o que os humanos entendem
por dor. Sendo assim, em animais avalia-se a dor de forma indireta. Uma vez que
nao ha aparatos que permitam mensurar algum componente emocional, avalia-se
somente o componente fisiolégico, o qual é denominado nocicepc¢ao. Assim, torna-
se importante distinguir os termos dor e nocicep¢cdo. O primeiro refere-se a
percepcédo de sensacdes evocadas por mecanismos lesivos diversos enquanto que
0 segundo reflete as manifestacdes neurofisioldgicas geradas por um estimulo
nocivo (ALMEIDA et al., 2004).

Nocicepcdo € o processo pelo qual estimulos térmicos, mecanicos ou
quimicos sdo detectados por uma subpopulacdo de fibras nervosas periféricas,
chamadas de nociceptores . Os nociceptores sdo 0s responsaveis pela percepcéo
do estimulo nocivo, caracterizados por terminais periféricos de neurbnios sensitivos
primarios cujos corpos celulares estéo localizados nos ganglios da raiz dorsal (GRD)
e no ganglio trigeminal (GT). S&o classificados em trés classes principais:
nociceptores térmicos (ativados por temperaturas extremas > 45 °C ou < 15 °C),
mecanicos (ativados por pressao intensa aplicada na pele) e polimodais (ativados
por estimulos mecéanicos, quimicos ou térmicos de alta intensidade) (JULIUS &
BASBAUM 2001, BASBAUM et al 2009).

A estimulacdo dos nociceptores periféricos faz com que a informacao
nociceptiva seja levada por meio das fibras aferentes até o SNC. A transmissao da
dor esta associada a atividade elétrica das fibras nervosas aferentes primarias do
tipo C e Ad, as quais possuem terminagdes sensoriais (nociceptores) nos tecidos
periféricos e sdo ativadas por estimulos mecéanicos, térmicos e quimicos, 0s quais
serdo responsaveis pelo desencadeamento de potenciais de acdo. Estas fibras
possuem elevado limiar de ativacdo. As fibras nociceptivas mielinizadas,
denominadas A®, conduzem mais rapidamente os estimulos periféricos, sendo
ativadas por estimulos mecanicos e térmicos. As fibras C, denominadas
nociceptores polimodais possuem baixa velocidade de condugdo, pois nao
apresentarem mielina e séo ativados por estimulos mecéanicos, térmicos e quimicos.

Estas fibras apresentam percepcéo lenta e resposta de longa duracéo (dor lenta), as
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fiboras C podem também ser classificadas como peptidérgicas e ndo-peptidérgicas
(LOESER, 2001, MEYER et al, 2008, BASBAUM et al 2009).

As fibras C peptidérgicas sintetizam peptideos como a substancia P (SP) e o
peptideo relacionado ao gene da calcitonina (CGRP) e expressa receptores TrkA
para o fator de crescimento do nervo (NGF). Ja as ndo peptidérgicas sao
identificaveis pela presenca da isolectina 1B4, por expressarem receptores
purinérgicos excitatérios da subclasse P2X; ao trifosfato de adenosina (ATP), em
suas terminacdes nervosas, bem como por dependerem de outra neurotrofina, fator
de crescimento de nervo derivado de células gliais (GDNF), para se desenvolverem
(CUELLO et al.,1993, KASHIBA et al., 1996). As fibras mielinizadas de conducgéo
rapida AB, detectam estimulos suaves e nao dolorosos aplicados na pele, musculos
e articulacdes, contribuindo para a propriocepcao (informar a posicdo do corpo no
espaco) sem responder diretamente a estimulos nocivos (LOESER, 2001,
BASBAUM et al 2009).

A organizacdo da medula espinhal em laminas compostas por fibras distintas
guanto as caracteristicas moleculares e eletrofisidlogicas reflete o papel das
diferentes por¢cdes da medula na condugdo de diferentes estimulos. Analises
eletrofisiolégicas mostram que os neurbnios presentes na lamina | respondem
geralmente a estimulos nocivos (via fibras C e Ad), enquanto que os neurbnios das
laminas 11l e IV respondem primariamente & estimulacdo indcua (via fibras AB). Ja a
porcdo mais profunda do corno dorsal da medula espinhal, a lamina V, recebe
projecdes convergentes de neurbnios que respondem a estimulos nocivos (via fibras
Ad) e daqueles que reconhecem estimulos indcuos (via fibras AB) (BASBAUM et al,
2009).

A lesdo de tecidos ou nervos ndo apenas ativa as fibras nociceptivas
produzindo dor aguda como também inicia uma série de mudancas nas
propriedades dos nociceptores e dos neurdnios da medula espinhal (JI E WOOLF,
2001). Essas alteracdes, dependendo do grau e da duracdo, podem gerar um
estado de dor persistente, em que ha uma resposta exacerbada de dor a estimulos
nociceptivos (hiperalgesia) ou inécuos (alodinia), ou ainda podem produzir sensagao
de dor na auséncia de qualquer estimulo externo (dor espontanea) (BESSON,
1999).

O potencial de acdo na fibra nervosa sensorial € desencadeado de acordo

com o estimulo nociceptivo. A sensibilizacdo dos nociceptores ocorre, por exemplo,
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em casos de mudanca de temperatura (estimulo nocivo térmico) ou através de
distensdo do tecido (estimulo nocivo mecénico), resultando na liberacédo local de
mediadores quimicos tais como bradicinina, protons, serotonina, histamina,
metabdlitos do acido araquidénico, ATP, adenosina, citocinas, aminoacidos
excitatorios, SP, NO, opibides e acetilcolina, entre outros como altera¢des drasticas
no fendtipo celular (expressdo de neurotransmissores, enzimas, canais idnicos e
receptores) e a mudancas estruturais, como a perda de interneurénios espinhais,
rearranjos inapropriados de neurdnios na medula espinhal e a proliferacéo de fibras
simpéticas nos ganglios sensoriais (JULIUS & BASBAUM 2001, BABA & WOOLF,
2000; MOORE et al., 2002, GRIFFIS et al., 2006).

3.1.2 Dor Neuropatica

A Associacgao Internacional para o Estudo da Dor (IASP) define-a como “dor
gue aparece como consequéncia direta de lesdo ou doenca que afeta o sistema
somatosensorial” (IASP newsletter 2011). A dor neuropatica afeta milhfes de
pessoas em todo o mundo, embora nédo sejam conhecidos dados exatos (DWORKIN
et al.,2007). Os doentes apresentam habitualmente dor cronica que frequentemente
nao cede a terapéutica, causando uma consideravel diminui¢do da sua qualidade de
vida e dificultando a capacidade de trabalho acarretando assim, um grande encargo
econdmico a sociedade (FREYNHAGEN et al., 2009).

A prevaléncia global de dor neuropatica na populacdo geral é dificil de
quantificar, devido ao grande nimero de causas subjacentes e falta de métodos de
medicdo consistentes. Apesar disso, supde-se que 6-8% da populagdo mundial
apresente dor crbnica com caracteristicas neuropaticas (TORRANCE et al 2006,
HAANPAA et al., 2009).

As causas mais comuns da dor neuropatica estédo principalmente associadas
a lesbes de nervos periféricos devido ao trauma (por exemplo: amputacéo,
compresséo), drogas (como vincristina, cisplatina, taxol), desordens metabdlicas
como o diabetes, neuropatias associadas a doencas como o cancer e a AIDS
(WOOLF e SALTER, 2000; ALEY e LEVINE, 2002).
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Na prética clinica, tem sido extensivamente descrito que a dor neuropatica é
de dificil tratamento, pois envolve etiologias distintas e, principalmente, porque 0s
mecanismos celulares e moleculares envolvidos sdo complexos e até 0 momento
pouco entendidos (ALEY e LEVINE, 2002; HARDEN e COHEN, 2003). No entanto,
sabe-se que tanto o sistema nervoso periférico quanto o sistema nervoso central
estdo implicados na génese da dor neuropatica (SCHWARTZMAN et al., 2001).

A dor crbnica como a neuropatia ndo tem qualquer funcdo biolégica de
protecdo, e € caracterizada por alteracbes funcionais e estruturais das vias
sensitivas periféricas e centrais (GALLUZZI 2007). As alterac¢des iniciais ocorridas
nos nervos aferentes primarios causam diminuicdo do limiar de sensibilidade dos
nociceptores e reforco dos impulsos transmitidos & medula espinhal. Um mecanismo
importante de inducdo da dor neuropéatica periférica parece ser a atividade ectopica
espontanea de neurbnios sensitivos primarios axotomizados ou intactos, cujos
corpos celulares se encontram no mesmo DRG, resultando em amplificagdo da dor
(sensibilizacdo periférica, com hiperalgesia, e alodinia). Assim, quando a area
afetada é estimulada podem ocorrer os fenbmenos de alodinia (sensacdo de dor
devido a estimulagdo ndo nociva, mecanica, térmica ou quimica) e hiperalgesia
(resposta aumentada a dor ap6s um estimulo nocivo) (FINNERUP & JENSEN, 2004;
FREYNHAGEN et al., 2009; CRUCCU et al 2009). Ainda sabe-se que essa atividade
ectdpica e espontdnea das fibras sensoriais produzida pela lesdo de nervos
periféricos € capaz de tornar essas fibras mais sensiveis a estimulacdo pela
noradrenalina (McCLACHLAN et al., 1993, WOOLF E MANNION, 1999).

Ainda a hiperexcitabilidade dos aferentes primarios causa uma resposta
aumentada pelos neurbnios da medula espinhal (sensibilizacdo central), durante a
sensibilizagdo central ocorrem alteracbes eletrofisiolégicas como o “wind up”
(facilitacdo dependente do uso), na qual os neurdnios da medula espinhal, ao
receberem estimulos de pequenas fibras, geram potenciais de acéo repetidos apos
cada estimulacdo e que produz hiperalgesia secundaria (hiperalgesia mecéanica na
pele que rodeia a area lesada) (FAZEN e RINGKAMP 2007; GALLUZZI et al
2007;BOYCE-RUSTAY JARVIS 2009). A sensibilizacdo central envolve uma série de
eventos que alteraram a neurobiologia da dor. Diante de condi¢cdes patolégicas em
que a estimulacdo dos nociceptores encontra-se aumentada, a transmisséo
nociceptiva é alterada, ocorrendo mudancas no potencial de membrana celular, as

quais levam a ativacdo de canais ibnicos, como canais de sodio e canais de calcio
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dependentes de voltagem (CCDV), levando entdo & um aumento na liberacdo de
neurotransmissores, como o glutamato, e a facilitagdo da transmissdo excitatoria
que, através da ativacdo de canais idnicos dependentes de voltagem ou operados
por ligantes e da liberacdo de estoques intracelulares, produz elevacéo nos niveis de
calcio. O aumento da concentracdo de calcio intracelular inicia inlmeros processos
de sinalizacao celular (JI E WOOLF, 2001).

Além disso, a alteracdo da excitabilidade pode advir de alteracdes na
expressdo de genes e do fendtipo protéico (expressdo de neurotransmissores,
enzimas, canais iGnicos e receptores), como a expressdo em neurénios muito
mielinizados do factor neurotréfico derivado do cérebro (BDNF), da substancia P e
do peptideo relacionado com o gene da calcitonina (CGRP), normalmente expressos
apenas em neurdnios de pequeno diametro (CAMPBELL et al.,2006; FAZEN e
RINGKAMP 2007; KLUSAKOVA et al., 2009) e a mudancgas estruturais, como a
perda de interneurdnios espinhais, rearranjos inapropriados de neurdnios na medula
espinhal e a proliferacdo de fibras simpéticas nos ganglios sensoriais (MOORE,
BABA e WOOLF, 2000; MOORE et al., 2002). Ainda sabe-se que a lesao de nervos
periféricos produz atividade ectépica e espontanea de fibras sensoriais (WOOLF E
MANNION, 1999).

Como muitos pacientes que sofrem de dor neuropética possuem lesao parcial
de um nervo, varios modelos refletindo esta condicdo tém sido desenvolvidos.
Sendo a constricdo crénica do nervo ciatico um dos modelos mais utilizados. O
modelo de leséo por constricdo crénica € um modelo de mononeuropatia (BENNETT
e XIE, 1988), onde um fio de sutura é passado ao redor do nervo ciatico e
fortemente amarrado resultando em perda substancial tanto de fibras mielinizadas,
quanto n&do mielinizadas na porcao distal a ligadura (BASBAUM et al., 1991,
KAJANDER and BENNETT, 1992). Esse tipo de leséo resulta em pata afetada
recolhida, comportamento defensivo espontaneo, assim como alodinia ao frio ou a
estimulo mecanico e hiperalgesia para estimulos térmicos (BASBAUM et al., 1991;
KLUSAKOVA e DUBOVY 2009). Ainda, esse modelo simula doencas como a
Sindrome do tunel carpico e hérnia discal lombar (NIEDERBERGER et al., 2008;
COSTIGAN et al., 2009).
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3.1.2.1 Dor mantida pela atividade simpéatica

Por causa da sua heterogeneidade e complexidade, a dor neuropética é de
dificil classificagdo. Em geral, considera-se que existam dois tipos de dor
neuropatica, a dor mantida pela atividade simpatica (DMS) e a dor independente
desta atividade (DIS) (STANTON-HICKS et al., 1995).

Na dor neuropética mantida pelo sistema nervoso autonémico simpético, apés
a lesdo de nervos, fibras aferentes primarias passam a expressar adrenoceptores,
sendo sensibilizados por catecolaminas circulantes e noradrenalina liberada de
terminacfes simpaticas poéds-ganglionares. Estas catecolaminas podem atuar
reduzindo o limiar de resposta nos nociceptores (DEVOR et al., 1994, JANIG e
BARON, 2003; Nickel et al 2011).

Normalmente, o DRG é desprovido de inervacdo simpatica, exceto pela
presenca de fibras simpaticas perivasculares. Contudo, tem sido observado que a
ligacdo dos nervos espinhais induz a emergéncia de fibras simpaticas, as quais se
entrelacam ao redor do corpo celular de neurbnios aferentes sensoriais lesados ou
intactos (BOUCHER et al., 2000).

Este rearranjo, que forma estruturas semelhantes a cestos, associado ao
aumento dos niveis de catecolaminas circulantes (noradrenalina liberada nos
neurénios aferentes hiper-responsivos) e da expressao de adrenoceptores, 0s quais
interagem com agonistas adrenérgicos na membrana celular dos neurdnios, permite
que os neurbnios mielinizados desenvolvam descargas ectdpicas que parecem
contribuir para a hipernocicepcédo (DEVOR 2004, XIE et al., 2001, NICKEL et al
2011).

Além disso, Dina e colaboradores (2008) sugerem através de um modelo de
neuropatia alcodlica em ratos que a formacéo do aldeido neurotoxico DOPEGAL, o
qual é originado a partir da metabolizacdo da noradrenalina pela MAO dentro de
neurdnios possa estar envolvido na inducédo de nocicepcgao.

Mecanismos indiretos também podem contribuir para a dor mantida pelo SNS.
Atividade vasomotora mediada simpaticamente leva a alteragdes na microcirculacéo,
prejudicando a nutricdo e a oxigenacdo. Também a inflamacéo é em parte regulada

pelo sistema nervoso simpatico, por exemplo a bradicinina induz extravasamento
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plasmético dependente de estruturas intactas do sistema periférico simpatico
(NICKEL et al., 2011).

3.2. Controle da dor neuropética

Os medicamentos preconizados atualmente para o tratamento da dor
neuropatica tém ainda uma eficacia imprevisivel, sendo que cerca de 40-60% dos
doentes obtém apenas alivio parcial. Devido ao seu carater multifatorial, uma série
de sinais e sintomas da dor neuropética podem variar ao longo do tempo, 0 que
torna ainda mais dificil o controle da doenca (O'CONNOR et al., 2009).

Na conduta terapéutica consideram-se métodos ndo farmacol6gicos como
a reducdo do estresse, uma boa higiene do sono, fisioterapia, técnicas de
estimulacdo elétrica transcutanea, eletroacupunctura e algumas intervencdes
cirargicas (GALLUZZI 2007; JENSEN e FINNERUP et al.,2007; FREYNHAGEN et
al.,2009). Contudo, a terapéutica farmacoldgica ainda € o componente principal do
tratamento. Em geral, a terapéutica consiste da utilizacdo de analgésicos tradicionais
(opidides e antiinflamatérios nédo-esteroidais- AINES), anestésicos locais (adesivos
de lindocaina 5% e capsaicina), além de farmacos que ndo foram originalmente
desenvolvidos para o tratamento de dor, como anticonvulsivantes e antidepressivos
triciclicos, considerados os melhores farmacos para este tipo de dor ( WERMELING e
BERGER, 2006; TURK et al .,2011).

Antidepressivos triciclicos tém um grande namero de ac¢des, particularmente a
capacidade de inibir a recaptacdo de serotonina e noradrenalina de terminais pré-
sinapticos e o refor¢o das vias inibitérias do tronco cerebral, por antagonismo de
receptores NMDA. Além disso, bloqueiam varios receptores (colinérgicos,
adrenérgicos, histaminérgicos e de canais i0nicos), apresentando assim efeitos
secundarios (JENSEN e FINNERUP 2007). Alguns dos efeitos indesejados incluem
eventos cardiovasculares como hipertensdo e arritmias. Pertence a esse grupo de
medicamentos a amitriptilina, nortriptilina e desipramina (DECOSTERD e WOOLF
2000; TURK et al., 2011).

Estudos clinicos sugerem que os opidides apresentam efeitos analgésicos
modestos em certas condi¢cbes neuropéticas. Contudo, essas drogas causam
tolerancia e dependéncia, além de outros efeitos colaterais significativos como

sedacdo, nauseas, constipacdo, retencdo urinaria, entre outros. Diretrizes de
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Associagfes Internacionais para o Estudo da Dor neuropética recomendam opiodides
como tratamento de segunda ou terceira linha podendo ser considerado como de
primeira linha apenas em circunstancias clinicas especificas, como durante uma
crise grave de dor neuropatica (TURK et al.,2011). A eficacia dos AINEs tem sido
relatada em pacientes com osteoartrite e dores na artrite reumatoide. Os AINEs séo
geralmente ineficazes para dor neuropética, no entanto, pesquisas sao necessarias
para estabelecer sua eficacia nesse disturbio (TURK et al.,2011).

O efeito analgésico dos AINEs resulta do bloqueio da sintese de
prostaglandinas (PGs) pro-nociceptivas, através da inibicdo de isoformas da enzima
cicloxigenase (COX). Assim, apesar dos AINEs serem os farmacos de escolha para
tratar a dor de origem inflamatdria, ainda ndo existe um consenso na literatura sobre
sua eficacia analgésica no tratamento da dor neuropatica. Nesse sentido, tem sido
observado que em modelos animais de dor neuropética, os AINEs apresentam uma
importante acdo analgésica por inibirem a sintese de PGs tanto a nivel periférico
como central (TAKAHASHI et al., 2004; TURK et al 2011). Tem sido sugerido ainda
gque o emprego de AINEs possa trazer beneficios em alguns casos de dor
neuropatica, principalmente quando utilizados em associagdo com outros
tratamentos (BARON e BINDER, 2004). Contudo, é necessario considerar que o uso
cronico de AINEs promove efeitos colaterais importantes, como sérios danos
gastricos além de disfuncdes renais e cardiacas (BEJARANO e HERRERO, 2003;
TURK et al 2011).

Atualmente, o tratamento com drogas que reduzem a excitabilidade dos
neurénios, como carbamazepina ou gabapentina vém sendo difundido. Os
anticonvulsivantes foram empregados inicialmente para o tratamento da dor
neuropatica trigeminal e da neuropatia diabética, sendo mais tarde utilizados
também em outros tipos de neuropatias (FINNERUP et al., 2005). A supressdo da
hiperexcitabilidade neuronal pode ocorrer através do bloqueio de canais de sodio
e/ou calcio, do aumento da neurotransmissdo gabaérgica e da redugcdo da
neurotransmissdo glutamatérgica, todos intimamente relacionados com o efeito
analgésico de anticonvulsivantes na dor neuropéatica. Contudo, alguns
anticonvulsivantes apresentem efeitos colaterais, tais como sonoléncia, tontura e
fadiga muscular (JENSEN, 2002; DICKENSON et al., 2002; TURK et al 2011). Nos

casos de DMS, o bloqueio simpéatico (simpatectomia) tem sido considerado o melhor
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tratamento para a dor neuropética, apesar de a sua eficacia ser discutida
(PRZEWLOCKI e PRZEWLOCKA, 2001).

Sabe-se que € complexa a relacdo entre a etiologia, a sindrome
neuropatica e a eficacia do tratamento, pois alguns pacientes com lesdo de nervo
ndo desenvolvem dor neuropética, enquanto que em outros ocorre dor acentuada e
de longa duracdo apos les@o de nervo periférico ou central (ZIMMERMANN, 2001).
Diante deste contexto, como a maioria das drogas utilizadas possui normalmente
efeitos muito mais paliativos do que curativos o emprego de terapias combinadas
vem sendo preconizado para se obter um melhor resultado, utilizando doses cada
vez menores, a fim de reduzir os efeitos colaterais. Por isso, existe na atualidade
uma grande necessidade do desenvolvimento de novos alvos terapéuticos que

possam ser Uteis no tratamento da dor neuropatica.

3.3 Canais lonicos de Potencial Transitorio

A histéria dos receptores de potencial transitério (TRP) teve inicio na
década de 1960, quando COSENS e MANNING (1969) descreveram pela primeira
vez a existéncia de uma variante mutante de Drosophila meganogaster que se
apresentava cega. Baseado neste propésito, MINKE (1977) estudando
fotoreceptores de moscas do género Drosophila identificou uma mutacdo neste
inseto que resultava em uma corrente transitoria em resposta a luz, em contraste a
corrente sustentada da Drosophila ndo mutante. Analises futuras mostraram que
esses animais possuiam uma mutacdo em um canal de entrada de célcio, mais
tarde denominado receptor de potencial transitorio (TRP) (MINKE 2010).

Os receptores TRP, constituem uma familia de canais ibnicos com a
capacidade de permear cétions, principalmente célcio. Localizados nos terminais
periféricos dos nociceptores e responsaveis pela detec¢do do estimulo nocivo, uma
vez que sua ativagcao contribui para a geracao do potencial de agcdo necessario para
transmissdo da informagéo nociceptiva. Além disso, estes receptores possuem a
capacidade de detectar temperaturas frias ou quentes, particularmente temperaturas
nocivas (abaixo de 17 °C ou acima de 43 °C), sendo a maioria ainda ativado por
substancias naturais e ligantes endégenos como produtos de peroxidacao lipidica e
outras espécies reativas de oxigénio (MAPHERSON et al., 2005; TOMINAGA, 2007).
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Com base na seguiéncia homologa dos aminoécidos, a familia TRP pode
ser dividida em sete superfamilias principais: TRPC (familia TRP Canénica), TRPM
(familia TRP Melastatina), TRPV (familia TRP Vanil6ide), TRPP (familia Policistina ),
TRPML (familia Mucolipina), TRPN (familia "NOMPC “ ou nenhum mecanoreceptor
C potencial) e TRPA (familia TRP com dominios repetidos relacionados a Anquirina)
(PEDERSEN et al., 2005).

Todos os canais TRP sédo subunidades polipeptidicas com seis dominios
transmembrana que normalmente se unem como tetrameros para formar poros. Os
poros se localizam entre os dominios transmembranares cinco e seis e séo
permeaveis a cations de maneira nao seletiva e a regido sensor de voltagem entre
as regides um e quatro (LATORRE et al, 2009; CLAPHAM, 2003; MONTELL, 2003).
A cauda C e N terminal apresentam-se voltadas para o lado intracelular, com carater
fortemente hidrofobico (GAUDET, 2009). A regido N terminal apresenta-se formada
por uma série de residuos de anquirina, presente na maioria dos canais TRP. Estes
residuos formam uma superficie estavel proporcionando o acoplamento de diversas
proteinas ao receptor, assim alterac6es nesta regido causam uma deficiéncia na sua
funcionalidade (MONTELL et al., 2005; LEVINE e ALESSANDRI-HABER, 2007).

A familia de canais ibnicos TRP contribui para mudanc¢as na concentracéo
intracelular de célcio, pois promove vias de entrada de calcio, além de modular a
forca de direcdo para a entrada de calcio e provavelmente também por prover vias
intracelulares para liberacdo deste ion de organelas celulares. Estas propriedades
sdo importantes, pois alteracdes na concentracdo de célcio citosélico livre
desempenham um papel central em muitos processos celulares incluindo a
contragdo muscular, a liberagdo de transmissores, proliferacdo celular, transcricao
de genes e morte celular (PEDERSEN et al., 2005).

Atualmente, apos 10 anos da publicacdo da clonagem do canal TRPV1
varios canais TRP, como TRPV2, TRPV3, TRPV4, TRPAl1 e TRPM8 tém sido
descritos como expressos em nociceptores aferentes primarios. S8o canais que
estdo emergindo como transdutores sensoriais podendo participar na geragédo de
sensacOes de dor evocada por estimulos quimicos, térmicos e mecanicos, sendo
agueles gque respondem a mais de um desses estimulos ditos canais polimodais.
TRPV1, TRPV3, TRPM8 e TRPA1 sdo quimioreceptores, sensiveis respectivamente
a capsaicina e endocanabindides, canfora, mentol e isotiocianato de alila (do 6leo de

mostarda) e o cinamaldeido (do 6leo da canela), além disso, o TRPV4 e o TRPA1
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sdo também termorreceptores (STORY et al.,, 2003; LEVINE e ALESSANDRI-
HABER, 2007).

A inflamacéo e a disfuncédo de nervos periféricos tém sido associados com o
aumento da excitabilidade dos nociceptores, resultando em mudancas na sua
condutividade ibnica. Estudos recentes com camundongos nocautes para VAarios
TRPs indicam que estes canais i0nicos podem desempenhar um papel crucial na
hipersensibilidade térmica assim como quimica e mecanica, caracteristicas que
estdo associadas tanto a inflamacédo periférica quanto a neuropatias (LEVINE e
ALESSANDRI-HABER, 2007).

Assim, considerando as diversas etiologias e mecanismos moleculares
dessas sindromes dolorosas, € de grande importancia o desenvolvimento de novas
terapias, dessa forma muitas moléculas de transducdo da nocicepcdo foram
identificadas sendo a familia dos receptores de potencial transitério (TRP) o maior
grupo de detectores de estimulos nocivos (CHENG, JI, 2008; PATAPOUTIAN et al.,
2009).

3.3.1 Receptor de Potencial Transitério Anquirina 1 (TRPA1L)

O receptor de potencial transitério anquirina 1 (TRPA1), chamado
anteriormente de ANKTM1, foi inicialmente identificado como uma proteina que é
perdida depois da transformacao oncogénica de fibroblastos humanos (JAQUEMAR
et al., 1999). Estruturalmente, o receptor TRPA1 € uma proteina com seis dominios
transmembrana, com ambas as por¢cdes amino e carboxi terminal intracelulares,
sendo que o longo dominio citoplasmatico N-terminal possui multiplos dominios
relacionados a proteina anquirina e residuos de cisteina identificados como locais
cruciais para as ligagbes covalentes do receptor TRPAl (para revisdo ver
JAQUEMAR et al., 1999; MACPHERSON et al., 2007; CAMINO et al., 2010).

Além de neurbnios do ganglio da raiz dorsal (DRG), o receptor TRPAL é
expresso em neurdnios do ganglio do nervo trigémeo (TG) e do ganglio nodoso
(STORY et al., 2003; NAGATA et al., 2005). Também é encontrado fora do SNC em
tecidos ndo neuronais como no foliculo capilar, algumas areas do intestino, musculo

esquelético, coracdo, cérebro e componentes do sistema imune onde parece agir
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como um canal sensivel a estimulos mecéanicos (COREY et al., 2004; KARASHIMA
et al., 2009).

Estudos quantitativos realizados com camundongos adultos demonstraram
gue o TRPA1 é expresso em 56% dos neurdnios do ganglio da raiz dorsal, 36% dos
neurdnios do ganglio do nervo trigémeo e 28% dos neurdnios do ganglio nodoso
(NAGATA et al., 2005). O receptor TRPAL ndo € expresso em neurdnios altamente
mielinizados, mas esta presente em neurénios que contém o CGRP e a substancia
P, sugerindo sua expressao por fibras Ad e C sensiveis a estimulagao nociva.
Assim, pode-se dizer que o TRPA1 é seletivamente expresso pelo subconjunto de
fibras sensoriais peptidérgicas positivas para isolectina 4 (IB4) no ganglio da raiz
dorsal que também expressam TRPV1, implicando assim seu possivel papel no
processamento da dor (STORY et al., 2003; CASPANI et al., 2007; ANDRADE et al.,
2008). Além dos neurdnios sensoriais, 0 RNAm codificador da proteina que compde
o0 TRPAL é encontrado em neurbnios simpéticos do ganglio cervical superior de
camundongos (SMITH et al., 2004).

O TRPA1 é um canal ndo-seletivo permeéavel ao calcio, foi caracterizado
como sendo um termoreceptor expresso em subgrupos de neurdnios sensoriais
ativado pelo frio nocivo, aproximadamente 17 °C (STORY et al., 2003; CALIXTO et
al.,, 2005; PATAPOUTIAN et al, 2009). Recentes descobertas utilizando
camundongos nocautes para o receptor TRPAL1 mostraram que esse receptor esta
implicado nos processos de nocicepcéo, tanto agudo como crénicos induzido pelo
frio nocivo (OBATA et al., 2005; BAUTISTA et al, 2006). Além disso, o tratamento
com o antisense do TRPA1 reduziu os comportamentos de hipersensibilidade ao
frio, apos a inflamacédo induzida por CFA (Adjuvante completo de Freund) ou lesédo
do nervo ciatico (LEVINE et al., 2007).

As correntes provocadas pelo decréscimo da temperatura em células CHO
(células de ovéario do hamster chinés) ou ovdcitos de Xenopus expressando o
TRPA1 apresentaram marcada dessensibilizacdo e sensibilidade ao vermelho de
ruténio, um blogueador néo seletivo de canais TRP. Estes resultados indicaram que
0 TRPAL & um canal catiénico ndo seletivo com caracteristicas similares a muitos
canais TRP descritos previamente (STORY et al., 2003). Assim, a estimulacao pelo
frio do TRPA1 aumenta a concentracdo de calcio intracelular com uma temperatura
de ativacdo menor do que aquela requerida para ativar o canal TRPM8. Em adicao,

o receptor TRPAl1 pode ser ativado pela bradicinina através do receptor B,
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(BANDELL et al., 2004). A interacdo entre receptores metabotropicos e canais
ibnicos TRP pode ser mediada por substancias produzidas pela ativacdo da
fosfolipase C ou fosfolipase A, (CLAPHAM, 2003).

Esses receptores também podem ser ativados por substancias pungentes
incluindo compostos presentes nos 6leos de mostarda ou wasabi (isotiocianato de
alila), canela (cinamaldeido), alho (alicina), maconha (A9-tetraidrocanabinol),
irritantes ambientais (fumaca de cigarro), espécies reativas do oxigénio (peréxido de
hidrogénio), mediadores enddgenos (sulfeto de hidrogénio), prostaglandinas (PGJ,)
e aldeidos reativos (4-hidroxinonenal) (LEVINE et al., 2007; MCNAMARA et al.,
2007; BODKIN E BRAIN 2010; CAMINO et al., 2010; TREVISANI et al., 2007.

Agonistas enddgenos tendem & estar relacionados com estresse oxidativo
(ANDERSSON et al., 2008). Os agonistas TRPA1 melhor identificados agem via
modificagdes covalentes nos residuos de cisteina na por¢cdo N-terminal do canal (ver

figura 1).
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Figura 1: Ativacdo do receptor TRPAl por alguns agonistas, via modificacdo de cisteinas.
Ca” calcio; PKA, proteina quinase A; PLC, fosfolipase C; AITC, isotiacianato de alila; CA,
cinamaldeido; NO, o6xido nitrico; H,0,, peroxido de hidrogénio; H'jon hidrogénio; PGJ,,
prostaglandina (Adaptado de Bodkin e Brain 2010).

Tem sido demostrado que o receptor TRPAL pode ser atil na transmissao
nociceptiva. Varios estudos indicam que esse receptor desempenha um importante

papel na alodinia mecanica e ao frio na neuropatia causada por diabetes, trauma e
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quimioterapia (OBATA et al. 2005; EID et al. 2008; STAAF et al. 2009; BARRIERE et
al., 2011). Além disso, sabe-se que algumas espécies reativas de oxigénio e
aldeidos gerados a partir do metabolismo da NE estdo envolvidas nha manutencéo da
dor neuropatica (Dina et al.,, 2008). No entanto, o papel do TRPAl1 na dor
neuropatica mediado pelo sistema nervoso simpatico € desconhecida. Assim,
investigamos um possivel envolvimento do receptor TRPA1 em um modelo de

neuropatia mantido pelo simpéatico em camundongos.
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ABSTRACT

Some forms of neuropathic pain are maintained by sympathetic fibers, but the
underlying mechanisms are poorly understood. Thus, the aim of this study was to
investigate the possible involvement of the TRPAL receptor as well as the role of the
sympathetic nervous system (involved in sympathetically maintained neuropathic
pain) in a model of neuropathic pain induced by chronic sciatic nerve constriction
injury (CCI) in mice. The systemic injection of the selective TRPA1 antagonist HC-
030031 reversed both mechanical and cold allodynia induced by chronic sciatic
nerve constriction injury. Nerve injury also sensitizes mice to the nociception induced
by the intraplantar injection of a low dose of the TRPAL agonist allyl isothiocyanate
without changing TRPA1 immunoreactivity in the injected paw. Furthermore, the
chemical sympathectomy produced by guanethidine largely prevented CCl-induced
mechanical and cold allodynia. CCIl also induced a norepinephrine-trigged
nociception that was inhibited by a-adrenoceptor antagonism and norepinephrine
transporter and monoamine oxidase inhibition. Finally, the peripheral injection of HC-
030031 also largely reduced CCl-induced nociception by norepinephrine and
mechanical or cold allodynia. Taken together, the present findings reveal the critical
role of TRPA1 in mechanical and cold hypersensitivity as well as in hypersensitivity to
norepinephrine following nerve injury.
Perspective: This article presents the role of TRPA1l receptor on the
sympathetically-maintained nociception induced by nerve injury in mice. Our results
suggest that TRPA1 antagonists may be useful to treat neuropathic patients that
present sympathetically maintained pain.
Key words: chronic constriction injury; TRPAL1 antagonist; norepinephrine;

adrenoceptor; cold allodynia; mechanical allodynia.
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1. INTRODUCTION

Neuropathic pain is a debilitating condition that is poorly understood, often
untreatable and caused by a lesion or disease of the somatosensory nervous
system®. Pain after neuropathy is the consequence of a complex interplay of
mechanisms in the peripheral and central nervous system and is often resistant to
common therapeutic interventions that are among the most intractable of pain
syndromes®. A common complaint of neuropathic pain patients is spontaneous pain
and painful hypersensitivity to mechanical, thermal and chemical noxious
(hyperalgesia) or innocuous (allodynia) stimuli*>. The sympathetic nervous system
may mediate some forms of neuropathic pain, such as when pain relief is achieved
by sympathetic blockade or antagonism of a-adrenoceptor®. Moreover, some
neuropathies cause hypersensitivity to norepinephrine that may stimulate nociceptors

1173136 However, the mechanisms involved in

and induce spontaneous pain
sympathetically maintained neuropathic pain are poorly understood.

Transient receptor potential ankyrin 1 (TRPA1) is a non-selective, calcium-
permeable cation channel usually expressed in a subset of small diameter primary
afferent nerve fibers 3°2°, TRPA1 has been demonstrated to be relevant for the
detection of nociceptive stimuli and may be activated by various exogenous irritants,

|23

such as allyl isothiocyanate from mustard oil“® and several endogenous reactive

species, such as hydrogen peroxide and unsaturated aldehydes from oxidative
stress>33. Furthermore, it has been demonstrated that TRPA1 may be important to
cold and mechanical neuropathic allodynia caused by trauma, diabetes and

12,18,23,25

chemotherapy . It has been suggested that some reactive oxygen species
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and reactive aldehydes generated from norepinephrine uptake and metabolism are
involved in neuropathic pain maintenance®®.

However, the influence of TRPAL on neuropathic pain as mediated by the
sympathetic nervous system is currently unknown. Thus, the aim of this study was to
investigate the possible involvement of the TRPAL receptor in a mouse model of

sympathetically mediated neuropathic pain.
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2. MATERIALS AND METHODS

2.1 Animals

Experiments were conducted using male adult Swiss mice weighing 25-35 g
bred in Federal University of Santa Maria animal house, which were maintained in
home cages under a 12:12 h light-dark cycle (lights on 06:00 h) and at constant room
temperature (22 £ 2 °C). The animals were acclimatized in the laboratory for at least
2 hours before testing. The experiments were performed with the agreement of the
Ethics Committee of the Federal University of Santa Maria (process number:
164/2011) and were carried out in accordance with the current guidelines for the care
of laboratory animals and the ethical guidelines for investigations involving
experiments on conscious animals®’. The number of animals and the nociceptive
stimuli used were the minimum necessary to demonstrate the consistent effects of
drug treatments. Animal allocation to treatment groups was randomized by computer
with the use of Research Randomizer (www.randomizer.org). Blinded investigators

carried out the behavioral observations.

2.2 Drugs and reagents

Allyl isothiocyanate, norepinephrine, propranolol, phentolamine, desipramine,
guanethidine and clorgyline hydrochloride were obtained from Sigma Chemical
Company (St. Louis, USA). HC-030031 (2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-
7H-purin-7-yl)-N-(4-isopropylphenyl) acetamide) was synthesized as previously
described®. Acetone was also used and purchased from Vetec (Rio de Janeiro,
Brazil). Allyl isothiocyanate, HC-030031 and propranolol stock solutions were

prepared in dimethyl sulfoxide (DMSO, 5%), Tween-80 (10%) and phosphate-
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buffered saline (PBS, 137 mM NaCl and 10 mM phosphate buffer, pH 7.4). The stock
solutions of the other drugs were prepared in PBS. All stock solutions were diluted to
the desired concentration just before use in PBS. For the actual drug administration,
the final concentration of DMSO and Tween-80 did not exceed 0.5% and did not

cause any detectable effect per se.

2.3 Neuropathic pain model

For induction of chronic mononeuropathy, mice were first anesthetized by
intraperitoneal injection of 90 mg/kg of ketamine plus 3 mg/kg of xylazine
hydrochloride. Neuropathy was induced by the chronic constriction injury (CCI) of the
sciatic nerve using a similar procedure to that previously described for rats’ and
adapted for mice®. Three loosely constrictive ligatures were placed around the right
sciatic nerve under anesthesia. In sham surgery, animals were anesthetized and the
sciatic nerve was exposed without performing constriction. Sham-operated animals
were used as neuropathy controls. Naive animals were neither anesthetized nor
operated upon. They were used as surgery controls. The nociceptive tests were

carried out seven days after the procedures.

2.4. Measurement of mechanical allodynia

We utilized mechanical allodynia as one parameter of nociception, which was
characterized by a significant decrease in the mechanical paw withdrawal threshold
(PWT) when compared to baseline values. The measurement of mechanical PWT
was carried out using the up-and-down protocol as described previously*?. Briefly,
mice were first acclimatized 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 right hind
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paw. Next, von Frey filaments of increasing stiffnesses (0.02-10 g) were applied to
the hind paw plantar surfaces with enough pressure to bend the filament. The
absence of paw lifting after 5 s led to the use of the next stiffer filament, whereas paw
lifting indicated a positive response and led to the use of the next weaker filament.
This protocol continued until a total of six measurements were taken or four
consecutive positive or negative responses occurred. All measurements were carried
out in the paw ipsilateral to the surgical or sham procedure. The 50% mechanical
PWT response was then calculated from the resulting scores as described
previously*®. The 50% PWT was expressed in grams (g) and was evaluated before

(baseline) and several times after treatments or surgical procedures.

2.5 Measurement of cold allodynia

We utilized cold allodynia as another nociception parameter, which was
characterized by a nocifensive reaction of animals after evaporative cooling of
topically applied acetone®. After the measurement of PWT, 20 pl of acetone was
applied to the dorsal hind paw ipsilateral to the injury, and the resulting behavior was
assigned an arbitrary score. A score of O indicated no response, 0.5 a licking
response, 1 flinching and brushing of the paw, 2 strong flinching, and 3 strong
flinching and licking. Mouse behavior was observed during the first 30 seconds
before (baseline) acetone application, after acetone application and several times

after the treatments or surgical procedures.

2.6. Role of the TRPA1 receptor on neuropathic nociception induced by CCI
We verified the role of the TRPA1l receptor on CCl-induced neuropathic

nociception by investigating the possible antinociceptive or nociceptive effects of a
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TRPA1 receptor antagonist and agonist. In addition, we investigated the alteration of

TRPA1 immunoreactivity in control or nerve-injured mice.

2.6.1 Effect of selective TRPAL antagonist treatment on CCl-induced mechanical and
cold allodynia

The involvement of TRPAL in CCl-induced allodynia was evaluated using the
selective TRPA1 antagonist HC-030031. Seven days after surgery, the mice were
treated with HC-030031 (10, 30 or 100 mg/kg) or vehicle (0.25% DMSO, 0.5%
Tween-80 in PBS) via the intraperitoneal (i.p.) route. The effect of the drug on
mechanical and cold allodynia was examined one hour before treatment and at
different time points after (0.5-4 hours) the i.p. HC-030031 treatment. Separate
groups of animals were treated with HC-030031 (100 pg/paw) or vehicle (20 pl/paw)
via subcutaneous injection under the dorsal surface of the right hind paw
(intraplantar, i.pl.), and the effect of the drug on mechanical and cold allodynia was

examined before and 1 hour after treatment.

2.6.2 TRPA1 agonist-induced spontaneous nociception

We next investigated if a low dose of a TRPA1l agonist could induce
spontaneous nociception in nerve-injured mice. Spontaneous nociception induced by
the TRPAL receptor agonist allyl isothiocyanate was carried out as previously
described®. The animals were placed individually in chambers (transparent glass
cylinders 20 cm in diameter) and were allowed to adapt to the chambers for 10 min
before treatment. After the adaptation period, 20 pl of a sub-effective dose of allyl
isothiocyanate (100 ng/paw®) was intraplantarly injected into the right hind paw.

Separate groups of animals received an i.pl injection of the appropriate vehicle and
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were used as controls. After challenge, mice were observed individually for 5 min,
and the amount of time spent licking, flinching or lifting the injected paw was
measured with a chronometer and was considered indicative of nociception. A
separate group of animals was also treated with HC-030031 (100 mg/kg) or vehicle

via the intraperitoneal route 1 hour before allyl isothiocyanate injection.

2.6.3 TRPA1 immunoreactivity analysis

Immunoreactivity to the TRPAL1 receptor was assessed by western blot
analysis as previously described® with minor modifications. The right hind paw skin
(the site of nociceptive measures) and the sciatic nerve (the site of nerve injury) were
quickly isolated and homogenized in a lysis buffer containing 10 mM HEPES, pH 7.9,
10 mM KCI, 2 mM MgCl,, 1 mM ethylenediamine tetraacetic 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 of sodium orthovanadate. After
centrifugation (3,000 x g for 30 minutes at 4 °C), the supernatant was collected. The
protein content was determined by the method of Comassie Dye®, using bovine
serum albumin as a standard. Next, 50 and 30 pg of protein from the sciatic nerve
and hind paw, respectively, were mixed in loading buffer (200 mM Tris, 10% glycerol,
2% SDS, 2.75 mM B-mercaptoethanol and 0.04% bromophenol blue) and boiled for
10 minutes. The proteins were separated in 10% sodium dodecyl sulfate—
polyacrylamide gels (SDS-PAGE) and transferred to polyvinylidene difluoride
membranes according to the manufacturer’s instructions (Perkin Elmer, USA). The
membranes were incubated with Ponceau stain, which served as a loading control*.
After staining, the membranes were dried, scanned and quantified with Scion Image

for Windows (Scion Corporation, Frederick, MD, USA). The membranes were
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processed using a SNAP I.D. system (Millipore, USA), blocked with 1% BSA in TBS-
T (0.05% Tween 20 in Tris-borate saline) and then incubated for 10 minutes with a
specific rabbit polyclonal IgG antibody to anti-TRPA1 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) diluted 1:150 in TBS-T. The blots were washed three times
with TBS-T followed by incubation with alkaline phosphatase-coupled secondary
antibody (1:3000) for 10 minutes. The protein bands were visualized 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 the Macintosh-compatible NIH image software. The TRPA1 western blot

presented a faint background that was corrected during the image analysis.

2.7 Role of sympathetic nervous system on CCl-induced neuropathic
nociception

We investigated the role of the sympathetic nervous system on CCl-induced
neuropathic nociception by investigating the effect of chemical sympathectomy on
the allodynia caused by CCI and the possible nociceptive effect of norepinephrine in

control and nerve-injured mice.

2.7.1 The role of sympathetic fibers in CCl-induced nociception

To investigate the role of sympathetic fibers in CCl-induced nociception, a
chemical sympathectomy was produced by the treatment of mice with guanethidine
(30 mg/kg, i.p.) 3 days before CCI challenge, as described previously*®. Seven days
after treatment, lesions and mechanical and cold allodynia were measured as

described above.
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2.7.2 Norepinephrine-induced spontaneous nociception

Spontaneous nociception induced by norepinephrine was carried out as
previously described®® with minor modifications. Seven days after sham or nerve-
injury surgery, the animals were placed individually in chambers (transparent glass
cylinders 20 cm in diameter) and were allowed ten minutes for adaption before
treatment. After the adaptation period, 20 ul of the adrenergic receptor agonist
norepinephrine (30 ng/paw) was intraplantarly injected under the dorsal surface of
the right hind paw. Separate groups of animals received an i.pl. injection of the
appropriate vehicle and were used as controls. After challenge, the mice were
observed individually for 5 minutes, and the amount of time spent licking, flinching or
lifting the injected paw was measured with a chronometer and considered indicative

of nociception.

2.8 Investigation of some mechanisms involved in norepinephrine-induced

nociception in nerve-injured mice

To investigate some of the possible mechanisms through which peripheral
injection of norepinephrine causes nociception in nerve-injured mice, distinct groups
of animals were treated with different classes of drugs, all locally co-administered
with norepinephrine (30 ng/paw, i.pl.). The following drugs were co-administered with
norepinephrine: the a-adrenoceptor antagonist phentolamine (100 ng/paw), the B-
adrenoceptor antagonist propranolol (300 pg/paw), the norepinephrine transporter
(NET) inhibitor desipramine (100 ng/paw), the monoamine oxidase-A inhibitor (MAO-
A) clorgyline (100 ng/paw) and the TRPAL1 receptor antagonist HC-030031 (100
png/paw). A separate group of animals was also treated with HC-030031 (100 mg/kg)

or vehicle via the intraperitoneal route 1 hour before norepinephrine injection. The
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dosage choice for each drug was based on previous data described in the

literature3¢:1913.17

or on preliminary experiments carried out in our laboratory.
2.9 Statistical analyses

The results are presented as the means + SEM, except for the cold allodynia
scores, which were reported as medians followed by their 25th and 75th percentiles.
The inhibition percentages are reported as the mean + S.E.M. and were calculated
based on responses of the control group. Statistical analyses were carried out using
GraphPad Prism 4.0 software. The significance of differences among groups was
evaluated with Mann Whitney’s test or a Kruskal-Wallis test followed by Dunn’s test
(for the cold allodynia results) along with an unpaired Student’s t-test and one-way
analysis of variance (ANOVA). The ANOVA was followed by a Student-Newman-
Keuls’ (SNK) test or two-way ANOVA followed by Bonferroni’s test (for mechanical

allodynia and spontaneous nociception results). P<0.05 was considered significant.
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3. RESULTS

3.1 Antinociceptive effect of the selective TRPAL antagonist HC-030031 on CCI-
induced mechanical allodynia

Figure 1A depicts the paw withdrawal thresholds 50% (PWT) of naive, sham,
and nerve-injured mice. There was no difference in the PWT values among the
groups before the procedure or between naive and sham-operated mice 7 days after
the procedure. On the other hand, chronic constriction injury of the sciatic nerve
induced a marked mechanical allodynia when compared with sham surgery in mice 7
days after lesion creation (Figure 1A).

The mechanical allodynia produced by nerve injury was maintained throughout
the experimental period in vehicle-treated mice (Figure 1B). However, the systemic
injection of HC-030031 (100 mg/kg, i.p.) reversed CCl-induced mechanical allodynia
from 0.5 to 2 hours after injection, with a complete inhibition 1 hour after treatment
(Figure 1B). The higher dose (100 mg/kg) but not the lower doses (10 and 30 mg/kg,
I.p.) of injected HC-030031 was capable of reducing mechanical allodynia in nerve-
injured mice (Figure 1C). Of note, the HC-030031 treatment (100 mg/kg, i.p.) was not
able to alter the mechanical thresholds of sham-operated mice (results not shown).

Thus, the 100 mg/kg (i.p.) HC-030031 dose was used in the later tests.

3.2 Antinociceptive effect of the selective TRPA1 antagonist HC-030031 on CCI-
induced cold allodynia
Figure 2A depicts the nocifensive reaction of the right hind paw of animals

after evaporative cooling of acetone. The topical application of acetone did not
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induce nociception in naive, sham, and nerve-injured mice before the procedure
(baseline) or in naive or sham animals seven days after the surgical procedure. In
contrast, chronic constriction injury of the sciatic nerve induced cold allodynia when
compared to sham surgery in mice seven days after lesion creation (Figure 2A).

The systemic treatment with HC-030031 (100 mg/kg, i.p.) almost completely
reversed the cold allodynia induced by CCI compared to the vehicle group at 1 h and
2 h after administration (Figure 2B). The treatment with HC-030031 did not alter the

acetone scores in sham-operated animals (results not shown).

3.3 TRPAL agonist-induced nociception in neuropathic mice

The sensitivity of peripheral TRPA1 receptors in neuropathic mice was
investigated by examining the spontaneous nociception induced by a receptor
agonist (Figure 3). The intraplantar injection of a low dose of the TRPA1 agonist allyl
isothiocyanate (AITC, 100 ng/paw) did not induce nociception in sham-operated mice
but did cause an intense nociceptive response in mice seven days after CCI (Figure
3A). Furthermore, it was observed that pre-treatment with HC-030031 (100 mg/kg,
I.p.) was able to largely prevent (inhibition of 91+2 %) the spontaneous nociception

induced by AITC in nerve-injured mice (Figure 3B).

3.4 Detection of TRPAL immunoreactivity in neuropathic mice

We next investigated whether the nociceptive response to the TRPA1 agonist
could be due to an increase in expression of TRPAL1 in the right hind paw (local
nociception measurement) or sciatic nerves (local nerve injury). We observed that
TRPA1 immunoreactivity in the hind paw ipsilateral to the nerve lesion was no

different between the sham and nerve-injured mice (Figure 3C). However, CCIl was
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capable of significantly reducing (44+10%) TRPAL1 immunoreactivity in the sciatic
nerve seven days after lesion creation compared to the sham-operated group (Fig.

3D).

3.5 CCl-induced nociception is sympathetically maintained

The chemical sympathectomy produced by guanethidine (30 mg/kg, i.p., 3
days before) largely prevented CCIl-induced mechanical (Figure 4A) and cold
allodynia (Figure 4B), and the mechanical threshold and acetone scores similar to
baseline values (before the surgical procedure). The same guanethidine treatment
did not alter either the mechanical thresholds or acetone scores in sham-operated
mice (results not shown).

Next, we investigated if nerve-injured animals had a nociceptive response to
norepinephrine. The intraplantar injection of norepinephrine (30 ng/paw) only induced
a few spontaneous nociceptive behaviors in sham-operated animals (8.0£3.2 s of
response), which were no different than the responses to vehicle (PBS) in sham or
nerve-injured mice (5.1+2.0 and 4.4+2.3 s of response, respectively) (Figure 4C). In
contrast, the intraplantar injection of norepinephrine (30 ng/paw) produced a marked
nociceptive response in animals seven days after CCl when compared with the PBS

group (39.3+7.1 and 8.0+3.2 s of response, respectively) (Figure 4C).

3.6 Study of the peripheral mechanisms involved in NE-induced nociception
First, we considered the role of adrenoceptors, norepinephrine uptake and

degradation on norepinephrine-induced nociception by using receptor antagonists,

transporter and enzyme inhibitors. The co-administration of the a-adrenoceptor

antagonist phentolamine (100 ng/paw), but not the B-adrenoceptor antagonist
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propranolol (300 pg/paw), was capable of only somewhat, but still significantly,
inhibiting (24+7%) NE-induced nociception (30 ng/paw) (Figure 5A and B).
Furthermore, co-administration with the selective norepinephrine transporter inhibitor
desipramine (100 ng/paw) or the selective monoamine oxidase inhibitor clorgyline
(100 ng/paw) largely reduced (inhibition of 88+3% and 90+7%, respectively) the

nociception caused by NE (30 ng/paw) in neuropathic mice (Figure 5C and D).

3.7 Effect of the TRPA1l antagonist in NE-induced nociception, cold and
mechanical allodynia caused by nerve injury

The systemic (100 mg/kg, i.p.) or local (100 upg/paw, i.pl.) injection of HC-
030031 largely reduced (inhibition of 8119 and 63+8%, respectively) NE-induced
nociception (30 ng/paw) in nerve-injured animals (Figure 6A and B). Finally, the
peripheral injection of HC-030031 (100 pg/paw, intraplantar) was also able to almost
completely abolish the mechanical and cold allodynia induced by nerve injury (Figure

6C and D).

4. DISCUSSION

Neuropathic pain is among the most intractable of pain syndromes®. Thus, the
study of its mechanisms is relevant to the development of more effective treatments
for neuropathic pain. Sympathetic nervous system activation and TRPAL stimulation
seem to be important underlying mechanisms of some neuropathic pain syndromes,
but the relationship between them is unknown. In the present study, we observed
TRPA1 receptor-mediated nociception in a model of sympathetically maintained pain

in mice.
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We observed that a selective TRPAL1 antagonist largely reversed both
mechanical and cold allodynia induced by chronic sciatic nerve constriction injury in
mice. Our results are in accordance with the literature, which indicates that TRPA1
antagonists or antisense oligonucleotides may reduce mechanical and cold allodynia
produced in rodents by spinal nerve ligation, nerve injury, streptozotocin and
oxaliplatin**8%32°34 Taken together, these findings demonstrate the critical role of
the TRPA1 receptor in pain symptoms related to the neuropathy of different
etiologies.

We also investigated the sensitivity of peripheral TRPAL1 receptors in
neuropathic mice. We observed that the intraplantar injection of the TRPAL agonist
allyl isothiocyanate (the main component of mustard oil) at a dose where it did not
produce spontaneous nociception in sham-operated mice®* caused an intense
nociceptive response in mice with chronic sciatic nerve constriction injury. Of note, it
was already observed a similar nociceptive hypersensitivity to topically applied
mustard oil in paws ipsilateral to CCI in rats’. Moreover, we observed that the
treatment with HC-030031 abolished allyl isothiocyanate-induced nociception,
indicating that this response was mediated by the TRPAL receptor. Although CCI
induced a peripheral sensitization to TRPA1 agonists, we were unable to detect any
difference in the TRPAL1 immunoreactivity of the stimulated hind paw between sham
and operated mice. Thus, the nociceptive response to TRPAL agonist was not due to
an increase in tissue TRPA1 content, but it could be related to an increase in TRPA1
function. However, additional studies must be carried out to clarify how this exactly
occurs. Different from the paw results, we observed a significant reduction of TRPA1
immunoreactivity in the sciatic nerve of constriction-injured mice. Similarly, it was

already reported a decrease of TRPA1 mRNA and protein in the dorsal root ganglion
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ipsilateral to a chronic constriction injury in mice'®. These results suggest that cells,
other than sensory neurons, are also important for TRPAL expression in paw skin
tissue. In fact, it has been demonstrated that dermal fibroblasts, keratinocytes and
even sympathetic neurons express functional TRPA1l receptors that could be
involved in pain sensitization>?%22,

Some forms of painful peripheral neuropathy are mediated by the sympathetic
nervous system, where pain relief is achieved by sympatholytic procedures®. Similar
to what has been observed in rats®*, we detected that the chemical sympathectomy
produced by guanethidine largely inhibited the mechanical and cold allodynia
observed seven days after CCl in mice, suggesting that CCIl is a model for
sympathetically maintained pain. Moreover, it has been demonstrated that CClI may
induce sympathetic sprouting into the ipsilateral dorsal root ganglion and increase the
plasma norepinephrine level of rodents one week after injury?>?’. In addition to the
analgesic effect of sympatholytic procedures, the hypersensitivity to norepinephrine
has been taken as evidence for sympathetically maintained pain®. In line with the
findings demonstrating that norepinephrine may stimulate nociceptors and induce

116313 \we have found that CCl made mice

spontaneous pain after nerve injury
sensitive to norepinephrine-induced spontaneous nociception. Thus, CCI in rodents
seems to represent a model of sympathetically maintained pain, at least one week
after initial induction.

Next, we investigated the mechanisms involved in the hypersensitivity to
norepinephrine after nerve injury, as they are poorly understood. It has been
demonstrated that both a; and aj-adrenoceptor are implicated in norepinephrine-

induced pain in humans and nociception in rats with neuropathy*®>¢. Accordingly, we

verified that the a-adrenoceptor antagonist phentolamine, but not the 3-adrenoceptor
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antagonist propranolol, reduced spontaneous nociception to norepinephrine in
constriction-injured mice. As the a-adrenoceptor antagonism produced a partial
effect, other mechanisms are likely involved in such a response. It was been recently
demonstrated that norepinephrine uptake and metabolism are involved in alcohol-
induced painful peripheral neuropathy in rats’®. In the same way, treatment with
selective inhibitors of the norepinephrine transporter (desipramine) and monoamine
oxidase (clorgyline) largely inhibit the nociception caused by NE in nerve-injured
mice. Thus, norepinephrine metabolism seems to be an important mechanism
underlying the hypersensitivity to norepinephrine after nerve injury.

Norepinephrine metabolism via monoamine oxidase generates some reactive
oxygen species and reactive aldehydes, such as hydrogen peroxide 3,4-
dihydroxyphenylglycolaldehyde, that are neurotoxic’. Moreover, these reactive
substances have also been suggested to induce nociception®!®. As TRPAL is
implicated in mechanical and cold allodynia induced by sciatic nerve injury and is
activated by several endogenous reactive species, such as hydrogen peroxide and
unsaturated aldehydes from oxidative stress***, we investigated the role of TRPAL in
hypersensitivity to norepinephrine after nerve injury in mice. Our study results
indicate that systemic and peripheral administration of a TRPAL receptor antagonist
almost abolished NE-induced nociception in neuropathic mice. Finally, we have
demonstrated that peripheral injection of a TRPA1 receptor antagonist also inhibited
both CCI-induced mechanical and cold allodynia in mice. Thus, these data
demonstrate the critical role of peripheral TRPA1 to the induction of painful
hypersensitivity in a model of sympathetically maintained pain. However, the exact

substance(s) produced peripherally to stimulate TRPA1 remain to be elucidated.
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Taken together, the present findings reveal the critical role of TRPAL in
mechanical and cold hypersensitivity as well as in hypersensitivity to norepinephrine
after nerve injury, suggesting that TRPA1 antagonists may be useful to neuropathic

patients that present sympathetically maintained pain.
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Figure 1. TRPAL antagonist reduced neuropathy-induced mechanical allodynia in mice. A) Fifty
percent paw withdrawal thresholds (PWT) before (baseline) and 7 days after procedure in naive, sham
and chronic constriction-injured (CCI) mice (n=5-6). ***P<0.001, compared with sham group (one-way
ANOVA followed by Student Newman-Keuls’ test). B) Time-course of PWT in neuropathic mice treated
with HC-030031 (100 mg/kg, i.p.) or vehicle (10 mL/kg) (n=5 per group). **P<0.01, compared with

baseline values; *P<0.05 and *P<o0.

01,

compared with vehicle-treated animals (two-way

ANOVA followed by Bonferroni’s test). C) Dose-response curve for the anti-allodynic effect of HC-
030031 (10-100 mg/kg, i.p.) (n=5-7). P<0.01, compared with baseline, #P<0.01, compared with
vehicle-treated animals (one-way ANOVA followed by Student Newman-Keuls’' test). Data are

expressed as the means + SEM.
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Figure 2. TRPA1 antagonist reduced neuropathy-induced cold allodynia in mice. A) Nocifensive
reaction scores for the right hind paw of animals after evaporative cooling of acetone before (baseline)
and 7 days after the procedure in naive, sham and chronic constriction-injured (CCI) mice (n=5).
**P<0.001, compared with sham group (Kruskal-Wallis followed by Dunn’s test). B) Time-course of
HC-030031 (100 mg/kg, i.p.) and vehicle (10 mL/kg) effects on cold allodynia in neuropathic mice (n=6
per group). **P<0.01, compared with baseline values; *P<0.05, compared with respective vehicle-
treated animals (Mann Whitney's test). Data are expressed as the medians * interquartile ranges.
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Figure 3. TRPAL agonist-induced nociception in neuropathic mice. A) Effect of intraplantar AITC
(100 ng/paw) and vehicle injection on nociception time in chronic constriction-injured (CCI) and sham-
operated mice (n=5). **P<0.01 compared to respective vehicle-treated group (unpaired t test). B)
Antinociceptive effect of HC-030031 (100 mg/kg, i.p.) pretreatment on the nociception caused by i.pl.
injection of AITC (100 ng/paw) in neuropathic mice (n=5 per group). ~ P<0.001 compared with vehicle-
treated group (unpaired t test). TRPA1 immunoreactivity in the right hind paw (C) and the injured
sciatic nerve (D) seven days after surgery (n=4). Western blot results were expressed as % of control.
*P<0.01 compared to sham group (unpaired t test). Data are expressed as the means + SEM.
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Figure 4. CCl-induced nociception is sympathetically maintained. A-B) Effect of the chemical
sympathectomy produced by guanethidine (30 mg/kg, i.p.) in mechanical (A) and cold (B) allodynia-
induced CCI in mice (n=8 per group). **P<0.001 compared with baseline; **P<0.001 compared with
vehicle-treated group (unpaired t test for A and Mann Whitney’s test for B). Data are expressed as the
means + SEM (A) or median + interquartile ranges (B). C) Effect of intraplantar noradrenaline (30
ng/paw) and vehicle injection on nociception in chronic constriction-injured (CCIl) and sham-operated
mice (n=8). ***P<0.01 compared to the respective sham group (unpaired t test).
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Figure 5. Peripheral mechanisms involved in NE-induced nociception in neuropathic mice.
Effect of intraplantar co-administration of phentolamine (100 ng/paw, A), Propranolol (300 pg/paw, B),
desipramine (100 ng/paw, C) and clorgyline (100 ng/paw, D) with NE (30 ng/paw) in sham-operated
and chronic constriction-injured (CCI) animals (n=6-8 per group). ***P<0.001, compared with vehicle-
treated sham-operated animals, #P<0.05, "*P<0.001, compared with vehicle-treated CCIl animals
(two-way ANOVA). Data are expressed as the means + SEM.
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peripheral (B, 100 pg/paw, i.pl.) HC-030031 treatment on the nociception caused by NE (30 ng/paw,
i.pl.) in neuropathic mice (n=5 per group). ~ P<0.001, "P<0.01, compared with vehicle-treated group
(unpaired t test). C-D) Mechanical (C) and cold (D) allodynia induced by CCI in mice before and 1 hour
after the peripheral treatment with HC-030031 (100 pg/paw, i.pl.) (n=6 per group). *P<0.05, compared
with baseline (two-way ANOVA followed by Bonferroni’'s test for C and Kruskal-Wallis followed by
Dunn’s test for D); #P<0.05, compared with vehicle-treated animals (two-way ANOVA followed by
Bonferroni’s test for C and Mann Whitney’s test for D). Data are expressed as the means + SEM in A,
B and C and as the median + interquartile ranges in D.
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5. CONCLUSOES



Conclusdes S7

Tendo em vista os resultados obtidos no presente estudo, pode-se concluir que:

e A ativacdo do receptor TRPA1 é importante para a manutencao da nocicep¢ao no

modelo de dor neuropéatica causada por CClI em camundongos;

¢ Na&o houve alteragdo na imunoreatividade do receptor TRPA1 na pata de animais
neuropaticos, enquanto no nervo ciatico houve uma reducao significativa, indicando

uma resposta nociceptiva devido um aumento da fungéo do receptor;

e A constricdo crénica do nervo ciatico (CCIl) pode ser caracterizado como um

modelo de dor mantido pelo simpatico;

e A ativacdo do adrenoceptor alfa, a recaptacdo e o metabolismo da noradrenalina
assim como a estimulagdo do receptor TRPA1 sdo mecanismos periféricos

envolvidos na nocicepc¢dao induzida pela norepinefrina em animais neuropaticos.
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