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Resumo

Enquanto a hiperalgesia inflamatéria depende da liberagcdo de
prostaglandinas e/ou de aminas simpatomiméticas que sensibilizam os neurdnios
aferentes primarios, nosso grupo demonstrou recentemente que o bloqueio do
receptor P2X3 no tecido periférico previne a hiperalgesia induzida pela
carragenina.. No entanto, 0 mecanismo pelo qual a ativacao dos receptores P2X3
neuronais contribui para a hiperalgesia inflamatéria nao esta completamente
estabelecido. O presente estudo verifica se a ativacdao do receptor P2X3 dos
neurdnios aferentes primarios contribui para a hiperalgesia mecéanica induzida pela
prostaglandina E; ou pela dopamine no tecido periférico. A co-administracao de
A317491 (60 ug / paw), um antagonista seletivo do receptor P2X3, ou o pré-
tratamento com dexametasona (1 mg / mL / kg), preveniu a hiperalgesia mecéanica
medida 3 horas depois da administragao de carragenina (300 ug / paw) na pata
posterior de ratos. A administracdo de afmeATP (50 ug /paw) induziu hiperalgesia
mecéanica 1 hora, mas ndo 3 horas, depois da sua administracdo, que foi
prevenida pela dexametasona ou pelo A317491. Doses sublimiares de PGE> (4 ng
/ paw) ou dopamina (0.4 ug / paw) que nao induzem hiperalgesia por si s,
induziram hiperalgesia, 3 horas depois, quando administradas logo depois de
afmeATP ou carragenina em ratos tratados com dexametasona. Esses estados
de hiperalgesia (“priming”) revelados pelas doses sublimiares de PGE. ou
dopamine foram prevenidos pelo A317491 ou pelo tratamento com administracao
intraganglionar (DRG-L5) de ODN antisense, mas nao pelo ODN mismatch, contra
o receptor P2X3 (40 ug /5uL once a day for 4 days). ODN antisense, mas nao o

ODN mismatch, reduziu a expressao dos receptores P2X3 no nervo safeno e no



DRG-L5. Para verificar se a PKC¢ media esse estado de hiperalgesia, inibidor de
translocacao de PKC¢ (1 pg/paw) foi administrado no tecido periférico 45 minutos

antes do apmeATP ou PGE, (100 ng/paw). O inibidor de PKC¢ preveniu o estado

de hiperalgesia induzido pelo afmeATP (“priming”), mas ndo a hiperalgesia
mecanica induzida pela PGE: (100 ng/paw).
Dessa maneira, os resultados desse estudo sugerem que a hiperalgesia

inflamatéria depended a ativacdo dos receptores P2X3 neuronais e da

subsequente translocacdo da PKCg , que aumenta a susceptibilidade dos

neurdnios aferentes primarios (priming) a acao de outros mediadores inflamatdrios

como a PGE; e as aminas simpatomiméticas.



Abstract

While inflammatory hyperalgesia depends on the release of prostaglandins
and/or sympathetic amines that ultimately sensitize the primary afferent neurons, we
have recently demonstrated that blockade of P2X3 receptor in the peripheral tissue
completely prevents carrageenan-induced hyperalgesia. However, the mechanism
by which the activation of neuronal P2X3 receptor contributes to the inflammatory
hyperalgesia is not completely clear. The present study verifies whether the
activation of P2X3 receptor on primary afferent neurons contributes to the
mechanical hiperalgesia induced by prostaglandin E, or dopamine in the peripheral
tissue. Co-administration of A317491(60 pg / paw), a selective P2X3,2/3 receptor
antagonist, or pre-treatment with dexamethasone (1 mg / mL / Kg), prevented the
mechanical hyperalgesia measured 3 hours after the administration of carrageenan
(300 pg / paw) in the rat’s hind paw. The administration of ameATP (50 pug /paw)
induced mechanical hiperalgesia 1 hour, but not 3 hours, after its administration,
which also was prevented by dexamethasone or A317491. Sub-threshold doses of
PGE; (4 ng / paw) or dopamine (0.4 pg / paw) that do not induce hyperalgesia by
themselves, induced maximal hyperalgesia, 3 hours after, when administrated just
following aBmeATP or carrageenan in rats treated with dexamethasone. These
hyperalgesic states (“priming”) revealed by sub-threshold doses of PGE, or
dopamine were prevented by A317491 or treatment with ganglionar administrations
(DRG-L5) of ODN antisense, but not ODN mismatch, against P2X3 receptor (40 pg
/5uL once a day for 4 days). ODN antisense, but not ODN mismatch reduced the

expression of P2X3 receptors in the saphenous nerve and in DRG-L5. To verify



whether PKC¢ mediates this hyperalgesic state, PKC¢ translocation inhibitor (1
Hg/paw) was administrated in peripheral tissue 45 min. before aBmeATP or PGE;
(100 ng/paw). PKCg¢ inhibitor inhibited the hyperalgesic state induced by afmeATP

(“priming”), but not the mechanical hyperalgesia induced by PGE; (100 ng/paw).

Briefly, the findings of this study suggest that the inflammatory hyperalgesia

depends on neuronal activation of P2X3 receptor and the subsequent PKC¢

translocation, which increases the susceptibility of primary afferent neurons

(priming) to others inflammatory mediators such as PGE, and symphatetic amines



1. INTRODUCAO

1.1. Nocicepcao

Durante o processo evolutivo, a sensacao dolorosa, no seu mais amplo
aspecto, ou seja, relativo a um comportamento aversivo e desagradavel, foi um
dos principais determinantes a sobrevivéncia das espécies.

Apesar de freqlentemente utilizada, a palavra dor ndo tem uma definicao
ideal. A dificuldade para defini-la estd no fato de que a dor, além dos aspectos
anatdmicos e neurofisiolégicos, apresenta um componente psiquico de carater
emocional. A “Internacional Association for Study of Pain” (IASP) define dor, do
ponto de vista fisiolégico, como “uma experiéncia sensorial e emocional
desagradavel que se relaciona a uma lesao real ou potencial dos tecidos”. Neste
sentido, a dor tem um importante papel de protecao aos tecidos organicos.

Tecnicamente, dor € a “percepcao desagradavel de uma sensacao
nociceptiva”, sendo que o componente que resulta na percepcao envolve aspectos
culturais e psiquico-emocionais com tonalidade afetiva desagradavel, aversiva ou
oposta ao prazer e o componente resultante na sensacao esta relacionado a
estimulagéo da via sensorial nociceptiva.

As vias de condugdo da informacao nociceptiva sdo compostas por
conjuntos de neurdnios periféricos (fibras aferentes primarias) e por conjuntos de
neurénios medulares (neurbnios de segunda ordem) (Aguggia, 2003). As fibras
aferentes primarias sao neurbnios pseudo-unipolares, cujos corpos celulares estdo
localizados no ganglio da raiz dorsal ou trigeminal e emitem ramificacbes para

periferia e para o corno dorsal da medula espinal (Aguggia, 2003). Os
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nociceptores, por possuirem alto limiar de ativagéo e terminagdes nervosas livres,
ou seja, ndo-associadas a receptores sensoriais especializados, estao diretamente
relacionadas a estimulos intensos variados. Existem dois tipos de fibras que
conduzem estimulos nociceptivos: fibras A-delta (Ad), de médio diametro,
finamente mielinizadas, com velocidade de conducdo média, entre 12 e 30 m/s
(correspondentes a 20% das fibras de dor e responsaveis pela dor rapida, aguda e
lancinante que é sentida apds estimulacao nociva), e fibras C ndo-mielinizadas, de
pequeno diametro, com velocidade de condugdo menor (0,5 a 2 m/s)
(correspondentes a 80% das fibras condutoras da dor e responséaveis pela dor
lenta e difusa) (Julius & Basbaum, 2001). Considerando-se o critério funcional,
observou-se que as fibras Ad respondem mais comumente a estimulagdes
mecanicas e térmicas, enquanto as fibras do tipo C respondem a estimulos
térmicos, mecanicos e quimicos, sendo por este motivo, denominadas de
nociceptores polimodais.

A nocicepgao € basicamente um fenémeno ibnico, através do qual um
estimulo capaz de ativar os nociceptores € detectado e conduzido por neurdnios
da via nociceptiva. Quando um estimulo é capaz de alcancar o limiar de disparo
dos potenciais de acdo das fibras aferentes primarias, um impulso elétrico é
gerado e conduzido por estas fibras até os centros superiores onde serdo
processados e percebidos como dor (Aguggia, 2003). Esse estimulo pode ser de
naturezas mecanica, térmica ou quimica e ter origem interna ou externa ao
organismo (Aguggia, 2003). A ativacao dos nociceptores é capaz de deflagrar um
potencial de agdo que é transmitido ao longo das fibras aferentes primarias até a

medula espinal. Neste ponto, ocorrem sinapses com o neurbnio de segunda
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ordem, que enviam projecdes ascendentes conduzindo a informacao nociceptiva a
sitios intermediarios ou diretamente ao tdlamo. Uma via especifica de conducéo
se projeta do talamo para areas sensitivas do cértex. Outra via, também projetada
do talamo, ramifica-se no sistema limbico, onde os aspectos emocionais e afetivos
serao integrados na experiéncia da percepcao da dor (Aguggia, 2003).

Pode-se resumir, entdo, que a nocicepcdo ocorre em dois passos: a
transducéo do estimulo nas terminacdes periféricas e a transmissao destes sinais

ao sistema nervoso central.

1.2. Hiperalgesia

A hiperalgesia (Cunha et al., 2005), € resultante de situagdes nas quais
ocorre diminuicdo do limiar de ativacdo dos nociceptores, que tendem a disparar
potenciais de acdo mais facilmente, de maneira que estimulos de intensidade
menores se tornam capazes de disparar o potencial de acédo. Este processo é
chamado de sensibilizacdo dos nociceptores. A sensibilizacdo dos nociceptores é
caracterizada eletrofisiologicamente pela diminuicao do limiar para ativa-los, pelo
aumento da atividade espontadnea do neurdnio e pelo aumento na freqiéncia de
disparo em resposta a estimulos de baixa intensidade (Riedel & Neeck, 2001).

Ao contrario da nocicepcgao, que é considerada um fenémeno puramente
idnico, a hiperalgesia é também um fenébmeno metabdlico por ativagdo de
mecanismos acionados, por exemplo, a liberacdo de mediadores inflamatorios que
modificam metabolicamente as condi¢des normais de uma célula neuronal do
sistema nervoso periférico (Snider & McMahon, 1998; Raja et al., 1999; Caterina &

Julius, 2001; Lewin et al., 2004).
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A sensibilizacdo, além de alterar o limiar dos nociceptores polimodais,
envolve também o recrutamento de novos nociceptores 0s quais se encontram
inativos em condicdes fisioldgicas. Estes nociceptores foram descritos como
“receptores silenciosos” (Schaible & Schimidt, 1988).

Os seres vivos, durante a sua existéncia, estdo expostos a diferentes tipos
de agentes agressores, que podem ter origens fisica, quimica e/ou microbiana, e
que sao potencialmente fatais se nado forem combatidos. No entanto, os
organismos sado dotados de complexos e eficientes sistemas de defesa que
permitem combater a maioria destes agentes agressores. Neste sentido, o
processo inflamatério desempenha importante papel, pois sua finalidade, de
maneira geral, & restabelecer a homeostasia do tecido lesado, seja por diluir,
destruir ou isolar o agente agressor (Gallin et al., 1992; Cronstein & Weissmann,
1993).

A inflamacéo é atualmente definida como um processo bioquimico e celular
gue acontece no tecido conjuntivo vascularizado, envolvendo o plasma, as células
circulantes, os vasos e os constituintes celulares e extracelulares deste tecido
(Rote, 1998). Suas principais caracteristicas sdo exsudacdo de liquidos e
proteinas plasmaticas (edema), migracao celular e sensibilizacdo ou ativacdo dos
nociceptores. Essa resposta pode ser causada por trauma mecanico, privacao de
oxigénio ou nutrientes, alteragdes imunoldgicas ou genéticas, agentes quimicos,
microorganismos, temperaturas extremas ou radiacdo (Rote, 1998; Sherwood &
Toliver-Kinsky, 2004).

Durante lesao tecidual, uma resposta de alarme precoce é estimulada pelas

células residentes, principalmente macroéfagos, células dendriticas e mastécitos,
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que sinalizam a presenca de estimulos deletérios para o organismo, levando a
manifestagdo dos sinais da inflamagédo. Estes sinais sdo conhecidos como
sintomas classicos da inflamacao e incluem o calor, o eritema, o edema, a dor e a
perda de funcédo (Appleton et al., 1996). Dentre estes, a dor, tema de interesse
neste estudo, € um dos sintomas mais freqientes na pratica clinica e um dos
problemas de tratamento mais importantes. Em algumas situagdes, pode ceder
com a simples administracdo de medicamentos e, em outras, pode ser objeto de
dificil terapéutica.

Conforme dito anteriormente, 0 mecanismo caracteristico da hiperalgesia é
a sensibilizacdo dos nociceptores. Durante o processo inflamatério ocorre a
liberacdo de eicosandides, que sensibilizam diretamente os nociceptores, sendo,
por isso, chamados mediadores hipernociceptivos. Dentre os eicosandides, estao
as prostaglandinas (PGs), formadas pela acao da enzima ciclooxigenases (COX)
(Ferreira & Vane, 1967).

Existem duas isoformas da enzima COX que sdo responsaveis pela
producdo de PGs. A COX-1 é expressa constitutivamente nas células. Esta
isoforma é responsavel pela produgdo de PGs que atuam em processos
fisiolégicos, como por exemplo, protegendo a mucosa gastrica pela diminuicdo da
secrecao acida gastrica e pelo aumento da producéao de muco (O’Neill, 1993). J& a
COX-2 tem sua expressao seletivamente aumentada no cérebro apos estimulos
inflamatérios, como lipopolissacarideo (LPS), interleucinas (IL)1a e B e fator de
necrose tumoral (TNF- a) (Cao et al., 1997; Kémhoff et al., 1997; Majerus, 1998).

A participagdo das PGs na sensibilizagdo dos nociceptores tem sido

observada em humanos e animais , desde o século passado, com o uso de
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técnicas eletrofisiolégicas e comportamentais (Handwerker, 1976; Perl, 1976;
Chahl & Iggo, 1977), além disso, varias evidéncias sugerem que principalmente as
PGs do tipo E2 sao responsaveis por induzir a hiperalgesia, fato que foi
demonstrado primeiramente no homem por Ferreira (1972).

A hiperalgesia também pode ser produto da ativacdo de uma via
independente de PGE2. Esta via é paralela a liberacdo de eicosandides e
depende da liberacao de aminas simpatomiméticas. A administracdo intraplantar
(i.pl.) de agonistas adrenérgicos, como a noradrenalina, a adrenalina, a
isoprenalina ou a dopamina ou a administracao i.pl. de aminas simpatomiméticas
de acdo indireta, como a tiramina, induzem hiperalgesia de intensidade
semelhante as PGs, via ativacdo dos receptores dopaminérgicos D1 e B-
adrenérgicos (Nakamura & Ferreira, 1987). Além disso, Cunha et al. (1991)
demonstraram que o tratamento com guanetidina (droga que induz a deplecéo de
aminas enddgenas periféricas), com antagonistas B-adrenérgicos ou com
antagonistas de receptores dopaminérgicos é capaz de inibir a hipernocicepcao
induzida por IL-8. Os mesmos efeitos foram demonstrados em relagédo ao CINC-1
(do inglés citokine-induced neutrophil chemoattractant) (Lorenzetti et al., 2002).

As descobertas das alteracées associadas a resposta inflamatéria, dos
mediadores envolvidos no estabelecimento dessas alteragdes, bem como das
drogas com atividade antiinflamatéria tém sido possiveis em fungédo da existéncia
de varios modelos experimentais. Esses modelos podem diferir entre si quanto as
células e aos mediadores envolvidos, alteracbes observadas, duracdo e

magnitude das alteracbes e recuperagdo da funcdo tecidual. Diferentes
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substancias de natureza exdgena ou enddégena podem ser usadas para induzir
inflamacao aguda ou crdénica em animais experimentais.

O modelo de hiperalgesia induzida por carragenina tornou-se um dos mais
usados. A carragenina é um polissacarideo sulfatado presente em varias espécies
de algas vermelhas da ordem Gigartinales e induz sensibilizacdo dos nociceptores
para estimulos mecanicos (Kayser & Guilbald, 1987; Vinegar et al., 1987) e
térmicos (Zhang et al., 1997; Osborne & Coderre, 1999), induz a migracao celular
de neutréfilos (Almeida et al., 1980; Vinegar et al., 1987; Pinheiro & Calixto, 2002),
além de promover a manifestacdo de outras caracteristicas da resposta
inflamatéria.

Outros mediadores que também sao liberados durante a inflamacao
contribuem para a inducao da hiperalgesia. Varios estudos demonstraram que as
citocinas IL-1, IL-6, IL-8 e TNF-a induzem sensibilizagdo dos nociceptores em
varios modelos experimentais (Hrubey et al., 1991; Davis & Perkins, 1994; Perkins
et al., 1995). Estudos caracterizaram a participacao destas citocinas na génese da
hiperalgesia mecanica quando um estimulo inflamatério, como a carragenina, é
administrado por via i.pl. (Cunha et al., 2005).

A participacao da IL-1B na hiperalgesia foi demonstrada, inicialmente por
Ferreira et al. (1988), que descreveram que esta citocina induz hiperalgesia
mecanica em patas de ratos quando administrada por via i.pl. Este efeito foi
prevenido pelo pré-tratamento com indometacina, um antiinflamatério nao-
esteroidal que inibe a enzima COX e, consequentemente, a sintese de PGs e Txs,
sugerindo que o componente prostaglandinico da hiperalgesia poderia ser ativado

endogenamente pela liberacdo anterior de IL-1B. O envolvimento da IL-1B na
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hiperalgesia induzida por carragenina também foi caracterizado. Outros trabalhos
tém sugerido o mesmo mecanismo (Watkins et al., 1994; Sfieh-Gabedian et al.,
1995). Por outro lado, Watkins et al. (1994) demonstraram que a administracao
intraperitoneal (i.p.) de LPS também produz hiperalgesia via liberacdo de IL-1f,
mas independente da liberacao de PGs, uma vez que a hiperalgesia induzida pelo
LPS n&o ¢é inibida pela administragdo sistémica de indometacina.

O efeito hiperalgésico obtido pela administracdo i.pl. de IL-6 também é
prevenido com o tratamento com indometacina e, além disso, este efeito foi
prevenido com a administracdo de soro contra IL-1. Estes dados sugerem a
participacdo da IL-1 e a ativacdo da sintese de PGs na mediagdo quimica da
hiperalgesia induzida por IL-6 (Cunha et al., 1992).

Em 1992, Cunha et al. demonstraram que a carragenina induz também a
liberacdo de IL-8. Porém, contrariamente ao observado na hiperalgesia induzida
por IL-18 ou IL-6, a hiperalgesia induzida por IL-8 ndo é alterada pelo
prétratamento com antiinflamatérios ndo-esteroidais e nem por soro anti-IL-1. Por
outro lado, a administracdo de atenolol aboliu a hiperalgesia induzida por IL-8.
Estes dados indicam que o efeito hiperalgésico desta citocina é dependente da
ativacao do componente simpatico e independente da liberacédo de PGs.

Na sequéncia, estudos demonstraram que o TNF-a antecede a liberagcéo de
IL-1B, IL-6 e IL-8. Anti-soros especificos para estas citocinas previnem
parcialmente o efeito hiperalgésico do TNF-a. Além disso, este efeito hiperalgésico
€ completamente abolido pela associacdo de anti-soros especificos para IL-13 e

para IL-8 (Dinarello et al., 1986; Cnha, 1992; Lorenzetti et al., 2002). Em suma, o
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TNF-a medeia a hiperalgesia em ratos pela estimulacdo dos componentes
prostaglandinico e simpatico.

Em relacdo a bradicinina (BK), uma cinina de origem plasmatica, ha
evidéncias claras de sua participacao em processos patolégicos em que ha lesao
tissular e inflamacéao. Ferreira et al. (1993) demonstraram que estimulos como a
carragenina ou LPS induzem processo hiperalgésico no qual a BK antecede a
produgcdo de TNF-a, IL-1B, IL-6 e IL-8. Contudo, doses elevadas de LPS
(5ug/pata) induzem hiperalgesia que nao é bloqueada pelo pré-tratamento com
antagonista de receptores de BK, sugerindo que a liberacdo de TNF-a é direta.
Curiosamente, estudos subsequentes, realizados por Poole et al. (1999)
confirmam a participacao de BK na hiperalgesia via ativacao dos receptores da BK
(B1 e B2) e posterior a liberacao de TNF-a.

Dessa maneira, cabe ressaltar que é possivel controlar a dor inflamatéria
(hiperalgesia) através do uso de substancias farmacol6gicas pertencentes a
diferentes grupos que atuem especificamente sobre os receptores de BK, sobre a
liberagdo ou acdo das citocinas, sobre a sintese de PGs ou ainda inibindo a
ativacao do componente simpatico.

Outros autores sugeriram a existéncia de uma cascata de liberagdo de
citocinas mediando a hiperalgesia mecanica (avaliado pelo método de filamentos
de von Frey) e térmica (avaliado no método de placa quente) (Safieh-Grabedian et
al., 1995; Woolf et al., 1997). Além disso, a administragédo sistémica de LPS (i.p.)
induz sensibilizacdo no modelo de retirada de cauda, mediada pela liberacado de
TNF-a via IL-1B (Watkins et al.,, 1994 e 1995). Estes resultados sugerem

fortemente que, em ratos, existe uma cascata de liberacdo de citocinas que
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constitui uma ligacdo entre a injaria ou o estimulo inflamatério e a liberacdo dos
mediadores finais da hiperalgesia. Entretanto, a liberagdo dos mediadores

hiperalgésicos de forma hierarquica € controversa.

1.3. Receptores P2X

Os receptores P2X sdo uma familia de canais de ions ligante-dependentes
ativados por ATP extracelular que estdo envolvidos nos mecanismos da dor. Foi
descrito que a subunidade P2X3 é expressa nos neurdnios aferentes primarios e
preferencialmente em fibras C (Chen et al., 1995; Lewis et al., 1995). A ativacao do
receptor P2X3 pelo ATP ou um agonista do ATP incia a despolarizacao, influxo de
Ca?* através do canal idnico acoplado ao receptor P2X3 e influxo de Ca?* via canais
de Ca** voltagem-dependentes (Kennedy et. al., 2003). Recentemente, muitos
estudos utilizando modelos comportamentais nociceptivos com métodos de
knockout (Cockayne et al. 2005)), oligonucleotideos antisense (Barclay et al. 2002;
Honore et al., 2002, Oliveira et al., 2009) e antagonistas seletivos de P2X3 e
P2X2/3 (P2X3,2/3) (Jarvis et al. 2002; McGaraughty et al. 2003; Wu et al. 2004;
McGaraughty et al. 2005; Sharp et al. 2006; Oliveira et al., 2009) indicam que a
ativacdo dos receptores P2X3,2/3 pelo ATP endbégeno contribui para o
desenvolvimento da hiperalgesia inflamatéria.

Recentemente, nosso grupo demonstrou que a administracdo de
antagonistas dos receptores P2X3,2/3 no tecido periférico previne completamente
a hiperalgesia induzida pela carragenina, mas nao altera a liberacado de IL-1B3, o
que sugere que a liberacdo de prostaglandinas ndo é afetada (Oliveira et al.,

2009). Baseado nesse fato, a prevencéao da hiperalgesia induzida pela carregenina
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através do antagonista do receptor P2X3,2/3 ndo pode ser explicada apneas pela
diminui¢do nos niveis de mediadores inflamatérios, como a prostaglandina.
Considerando que os receptores P2X3,2/3 sao  expressos
predominantemente nas fibras nociceptivas (Chen et al. 1995; Lewis et al. 1995),
ndés testamos, nesse estudo, a hipétese de que a ativacdo dos receptores
P2X8,2/3 neuronais pelo ATP enddgeno participa da hiperalgesia induzida pela
carragenina aumentando a susceptibilidade dos neurbnios aferentes primarios a
acdo da hiperalgesia causada pelos mediadores inflamatérios, como as

prostaglandinas e as aminas simpatomiméticas.
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Abstract

We have recently demonstrated that blockade of P2X3 receptor in the
peripheral tissue prevents carrageenan-induced mechanical hyperalgesia. However,
the mechanism by which the activation of neuronal P2X3 receptor contributes to the
inflammatory hyperalgesia is not completely clear. The aim of this study was to test
the hypothesis that the activation of neuronal P2X3 receptor contributes to
carrageenan-induced mechanical hyperalgesia by increasing the susceptibility of
primary afferent neurons to the hyperalgesia induced by prostaglandins and
sympathetic amines endogenously released in the site of inflammation.

Co-administration of the selective P2X3 receptor antagonist A317491(60
ug/paw) or pre-treatment with dexamethasone (1 mg/mL/Kg), prevented the
mechanical hyperalgesia measured 3 hours after the administration of carrageenan
(300 ug / paw). apmeATP (50 pg/paw) induced mechanical hyperalgesia 1 but not 3
hours after its administration that was also prevented by dexamethasone or
A317491. Administration of sub-threshold doses of PGE, (4 ng/paw) or dopamine
(0.4 pg/paw) immediately after the administration of aBmeATP or carrageenan in
rats pretreated with dexamethasone induced maximal hyperalgesia 3 hours later..
These hyperalgesic states (“priming”) revealed by sub-threshold doses of PGE; or
dopamine were prevented by A317491 or treatment with ganglionar administrations
(DRG-L5) of ODN antisense, but not ODN mismatch, against P2X3 receptor (40 ug
/5uL once a day for 4 days). ODN antisense, but not ODN mismatch significantly

reduced the expression of P2X3 receptors in the saphenous nerve and in DRG-L5.

Administration of a PKCg translocation inhibitor (1 pg/paw) in peripheral tissue 45
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min. before apmeATP or PGE, (100 ng/paw) prevented the hyperalgesic state

induced by aBmeATP (“priming”), but not the mechanical hyperalgesia induced by

PGE, (100 ng/paw) indicating that PKC¢ mediates this hyperalgesic state.

The findings of this study suggest that mechanical inflammatory hyperalgesia

depends on neuronal activation of P2X3 receptor and the subsequent PKCg

translocation, which increases the susceptibility of primary afferent neurons

(priming) to others inflammatory mediators such as PGE, and symphatetic amines.

Keywords: mechanical inflammatory hyperalgesia, P2X3 and P2X2/3 receptors,
ATP, carrageenan, priming, antisense.
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1. Introduction

P2X receptors are a family of ligand-gated ion channels activated by
extracellular ATP that are involved in pain mechanisms. The P2X3 receptor subunit
is expressed on primary afferent neurons preferentially on C-fibers (Chen et al.,
1995; Lewis et al., 1995). The activation of P2X3 receptor by ATP or by its agonists
initiates depolarization, Na** influx through the ionic channel coupled to P2X3
receptor and Ca®* influx via the co-expressed voltage-dependent Ca?* channels
(Kennedy et. al., 2003). Therefore, local administration of the P2X3 receptor agonist
aBmetATPin the peripheral tissue induces a brief nociceptive behavior followed by a
sensitization of the primary afferent neuron (McGaraughty et al. 2005; Oliveira et al.,
2009).

Recently, many reports using behavioral nociceptive models with gene
knockout methods (Cockayne, Dunn et al. 2005), antisense oligonucleotide
technologies (Honore et al., 2002, Oliveira et al., 2009) and selective P2X3 and
P2X2/3 (P2X3,2/3) receptors antagonists (Jarvis, 2002; McGaraughty et al., 2003;
Oliveira et al., 2009) indicate that the activation of P2X3 receptors by endogenous
ATP contributes to the development of inflammatory hyperalgesia induced by
carrageenan.

The subcutaneous administration of carrageenan has been widely used as a
model of inflammatory hyperalgesia because similarly to many inflammatory pain
conditions in humans, it induces the release of prostaglandins and the
development of hyperalgesia that is reduced by nonsteroidal anti-inflammatory

drugs (Moncada, et al. 1973; Ferreira et al. 1974). In fact, carrageenan-induced
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hyperalgesia is mediated by prostaglandins and sympathetic amines, which directly
sensitize the primary afferent neurons. Therefore, the hyperalgesia induced by
carrageenan is completely prevented by the combination of a NSAID, such as
indomethacin with a B-adrenergic receptor antagonist, such as athenolol (Ferreira
et al., 1993; Parada et al. 2005).

We have recently demonstrated that while the local administration of
P2X83,2/3 receptors antagonists in the peripheral tissue completely prevents
carrageenan-induced hyperalgesia, it does not alter the level of IL-1B in the
peripheral tissue, suggesting that the release of prostaglandin may not be affected
(Oliveira et al.,, 2009). Based on that, the blockade of carrageenan-induced
hyperalgesia by P2X3,2/3 receptor antagonist cannot be explained only by a
decrease of inflammatory mediators level, such as prostaglandins.

Considering that the P2X3 receptor is predominantly expressed on
nociceptive C fibers (Chen et al. 1995; Lewis et al. 1995), we tested the hypothesis
that the activation of neuronal P2X3 receptor contributes to carrageenan-induced
mechanical hyperalgesia by increasing the susceptibility of primary afferent
neurons to the hyperalgesia induced by prostaglandins and sympathetic amines

endogenously released in the site of inflammation.
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2. Methods

2.1. Drugs and doses

The following drugs were used: carrageenan (Cg; 300ug/paw,Oliveira, 2009);
the selective P2X3 and P2X2/3 receptor antagonist, 5-([(3-Phenoxybenzyl) [(1S)-
1,2,3,4-tetrahydro-1naphthalenyl] [amino]carbonyl)-1,2,4-benzene- tricarboxylic acid
(A-317491; 60ug/paw, Oliveira, 2009), the non-selective P2X3 receptor agonist a,
methylene-ATP (apMeATP; 50ug/paw); prostaglandin E, (PGE; 4, 20 and
100ug/paw); dopamine (dopa; 0,4, 2 and 10ug/paw), dexamethasone (dexa;
1mg/kg, Schuligoi et al., 2003) and PKCe vyi.» peptide (an inhibitor of PKCe
translocation; 1 pg/paw, Parada et al., 2003). The drugs were obtained from Sigma
Chemicals (St Louis, Missouri, USA). All drugs were dissolved in saline (0.9%
NaCl), except PGE, and dexamethasone, which were also previously dissolved in

ethanol.

2.2. Subjects

Male albino Wistar rats weighing 200 — 3509 obtained from CEMIB/UNICAMP
(Centro de Bioterismo - State University of Campinas -.UNICAMP, Campinas, SP,
Brazil) were used. Experiments were conducted in accordance with the guidelines of
the Committee for Research and Ethical Issues of IASP on using laboratory animals
(Zimmerman, 1983). All animal experimental procedures and protocols were
approved by the Committee on Animal Research of the State University of
Campinas - Unicamp. Animals were housed in plastic cages with soft bedding

(five/cage) on a 12:12 light cycle (lights on at 07:00 A.M.) with food and water
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available ad libitum. They were maintained on a temperature-controlled room (+

23°C) for a 1-hour habituation period prior to the test.

2.3. Subcutaneous Injections

Drugs or their vehicle were subcutaneously injected in the dorsum of the rat’s
hind paw by tenting the skin and puncturing it with a 30-gauge needle prior to
injecting the test agent, as previously described (Oliveira, 2007). The needle was
connected to a catheter of polyethylene and also to a Hamilton syringe (50 pl). The
animals were briefly restrained and the total volume administered in the paw was

50l.

2.4. Intraganglionar injections

The method for intraganglionar ODN injection was based on the technique
of Ferrari and colleagues (Ferrari et al., 2007). Briefly, for each injection rats were
anesthetized with 1/3 O, — 2/3 N>,O and halothane at 5 and 1.5%, respectively (Le
Bars, 1979). The injecting needle was prepared by inverting the position of a
gingival needle (30G) relative to its plastic syringe connector, which was tightly
connected to the metal piece. The point of skin puncture was defined at 1.5 cm
laterally to the vertebral column, about 0.5 cm caudal from a virtual line passing
over the rostral borders of the iliac crests. In order to facilitate the penetration of
the injecting needle through the skin, an initial puncture with a larger needle
(25x10, 19G) was made. In sequence, the injecting needle was inserted through
the punctured skin, towards the inter-vertebral space between the fifth and sixth

lumbar vertebrae, until the tip touched the lateral region of the vertebrae. To reach
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the space between the transverse processes of the fifth and sixth vertebrae,
delicate movements of the needle were made until the bone resistance was
diminished and a paw flinch reflex, which was used as a sign that the needle

penetrated the DRG, was observed.

2.5. Mechanical nociceptive threshold test

Testing sessions took place during light phase (between 09:00 A.M. and 5:00
P.M.) in a quiet room maintained at 23°C (Rosland 1991). The Randall-Selitto
nociceptive paw-withdrawal flexion reflex test (Randall & Selitto, 1957) was
performed using an Ugo-Basile analgesymeter (Stoelting, Chicago, IL, USA), which
applies a linearly increasing mechanical force to the dorsum of the rat's hind paw
(Qliveira, 2007). The nociceptive threshold was defined as the force in grams, which
the rat withdrew its paw. The baseline paw-withdrawal threshold was defined as the
mean of three tests performed at 5-min intervals before test agents were injected.
Mechanical hyperalgesia was quantified as the change in mechanical nociceptive
threshold calculated by subtracting the mean of three mechanical nociceptive
threshold measurements taken after injection of the test agent from the mean of the

three baseline measurements.

2.6. Antisense oligodeoxynucleotides (ODNSs)

The functional blockade of P2X3 receptors expression on peripheral sensory
neurons was realized by the intraganglionar injection of ODN antisense. The
folowed ODN antisense sequence of 19-mer was used: 5-

TAATCCGACACGTCCATGA-3 (Oliveira et al., 2009). The mismatch-
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ODN sequence, 5> TATTCCCACTCGACGATCA-3, corresponded to
the antisense sequence except that six bases were changed (denoted by bold face).
The corresponding GenBank accession number and ODN position within the cDNA
sequence are X90651 and 401-420. A search of the NCBI database to Rattus
norvegicus identified no other sequences homologous to that used in this
experiment. The ODN was purchased from Erviegas (SP, Brazil), lyophilized and

reconstituted in 0.9% NaCl. The ODN was aliquoted and stored at —20°C.

2.7. Western blot analysis of P2X3 receptor expression

Five animals in each group were used for immunoblot study. To assess the
efficacy of antisense ODN treatment, immediately after the behavioral test the dorsal
root ganglion L5 and a 1.0 cm section of saphenous nerve of anesthetized rats
were removed 1.5 cm proximal to the knee-level bifurcation and separeted in two
pools of samples, to allow detectable levels of protein. For total protein, samples
were homogenized in 1% Triton X-100, 50 mM phosphate buffer pH 7.4, 5 mM
EDTA, 1% protease inhibitor cocktail (P8340, Sigma), 7 M urea, and 2 M thiourea,
(10% wi/v). Sample homogenization was carried out at 4°C using a Ultrasonic
Homogenizer for 5 sec. Insoluble materials were removed by centrifugation
(12,0009, 4°C, 15 min). The protein concentration was determined by using Bradford
method with bovine serum albumin as the standard. Aliquots containing 70ug total
protein were boiled in loading Laemmli buffer (BioRad, USA); thereafter, each
aliquot was loaded onto an 8% polyacrylamide gel. After electrophoresis separation,

proteins were transferred to a nitrocellulose membrane (Bio-Rad). Membrane was
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blocked in PBS-Tween containing 5% non-fat dry milk at room temperature, followed
by incubation with P2X3 rabbit polyclonal IgG (1:500; Neuromics) overnight at 4°C,
rinsed six times with TBST, and then incubated for 40min in goat anti-rabbit 1gG
peroxidase conjugate (1:3000, Sigma). Membrane was visualized using ECL
solution (Pierce), and exposure to x-ray film (Kodak) in a dark room. Films were
scanned into Image Quant 5.2 for analysis. Banding specificity was determined by
omission of primary antibody from the Western blot protocol. In the four western blot
analysis, to compensate for any differences in the amount of loaded protein, the
intensity of the P2X3 receptor band was compared with the colored acrylamide gel,
showing all bands of the gel with the same intensity of coloration. These data were

analyzed by paired t-test (Oliveira et, 2009)

2.8. Statistical analysis

For all figures, one way ANOVA or t-test was performed to determine the
basis of significant difference. If there was a significant between-subjects main
effect of treatment group, post-hoc contrasts, using the Bonferroni test, were
performed to determine the basis of the significant difference. Data are expressed
in figures by the decrease with paw-withdrawal threshold and presented as means

+S.E.M.
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3. Results

3.1. The selective P2X3 receptor antagonist A-317491 or dexamethasone

prevented the carrageenan-induced mechanical hyperalgesia.

As showed in figure 1, the subcutaneous administration of carrageenan
(300ug/paw) in the dorsum of rats” hind paw induced mechanical hyperalgesia
measured 3h after its administration (p<0.05, ANOVA, Bonferroni test). Co-
administration of the selective P2X3 and P2X2/3 receptors antagonist A-317491
(60ug/paw) with carrageenan (300ug/paw) completely prevented carrageenan-
induced mechanical hyperalgesia (p<0.05, ANOVA, Bonferroni test). Because
carrageenan induces mechanical hyperalgesia by the summation of prostaglandin-
and sympathetic amines-induced mechanical hyperalgesia (for review see Verri et.
al, 2006), we tested whether the magnitude of the blockage of carrageenan-induced
mechanical hyperalgesia by A-317491 (60ug/paw) is similar to effect of
dexamethasone systemically administrated (1 mg/Kg), which completely prevents
the carrageenan-induced inflammatory response. As showed in figure 1,
dexamethasone completely prevented the carrageenan-induced mechanical
hyperalgesia at the same magnitude of A-317491(p<0.05, ANOVA, Bonferroni test).
The administration of A-317491 in the contralateral hind paw did not prevent the
carrageenan-induced mechanical hyperalgesia ruling out its systemic (Fig.1,

ANOVA, Bonferroni test).
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Fig. 1. Effect of the A-317491 or dexamethasone on the carrageenan-induced mechanical
hyperalgesia. The selective P2X3 and P2X2/3 receptors antagonist A-317491 (60ug/paw) co-
administrated in the ipsilateral (ipsi) but not in the contralateral (c.l.) hind paw with carrageenan
(300pg/paw) completely prevented the mechanical hyperalgesia measured 3 h after their injections.
Dexamethasone (Dexa; 1mg/ml/kg, s.c.) administrated 1 h before carrageenan also prevented the
mechanical hyperalgesia. The same doses of A-317491 and dexamethasone were used in
subsequent experiments. The symbol “*” indicates responses significantly greater than that induced

by NaCl 0.9% (sal) (p<0,05, ANOVA, Bonferroni test).

3.2. Administration of aBmetATP in the peripheral tissue induced short

mechanical hyperalgesia that depends on release of inflammatory mediators.

As showed in the figure 2, the administration aBmeATP (50ug/paw) induced

mechanical hyperalgesia 1h but not 3h after its administration (p<0.05 ANOVA,

32



Bonferroni test). Pre-treatment with dexamethasone (1mg/kg, 1h, s.c.) prevented the
aBmeATP-induced mechanical hyperalgesia measured 1h after its administration

(p<0.05, ANOVA, Bonferroni test).

50+
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Intensity of hyperalgesia
(A mechanical threshold, g)

1h 3h 1h
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Fig. 2. Activation of P2X3,2/3 receptors induced short mechanical hyperalgesia that depends on
release of inflammatory mediators. P2X3,2/3 receptors agonist, afmeATP (50ug/paw) induced a
transient mechanical hyperalgesia 1h after its administration that was completely resolved 3h after

its administration and prevented by dexamethasone.

3.3. Activation of P2X3 receptors increases the susceptibility to PGE> or

Dopamine-induced mechanical hyperalgesia.

Because our previous findings demonstrated that the blockage of

carrageenan-induced mechanical hyperalgesia cannot be totally explained by
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decrease of the inflammatory mediators levels (Oliveira et al., 2009), we tested the
hypothesis that the activation of P2X3 and P2X2/3 receptors is important to
prostaglandin- and sympathetic amines-induced mechanical hyperalgesia.
Subcutaneous administration of PGE, (4, 20 or 100ng/paw, Fig 3, panel A)
or dopamine (0.4, 2 or 10ug/paw, Fig 3, panel B) induced a dose-related mechanical
hyperalgesia measured 3h after their administrations. The subthreshold dose of
PGE; (4ng/paw) or dopamine (0,4ug/paw), did not differ from saline administration
(50 pL; ANOVA, Bonferroni test). The co-administration of apMeATP (50ug/paw)
with the subthreshold doses of PGE, (4ng/paw) or dopamine (0,4ug/paw) induced
mechanical hyperalgesia measured 3h after their administration (Fig. 3, panel C and
panel D, respectively, p < 0.05, ANOVA, Bonferroni test). Although, afMeATP did
not induce mechanical hyperalgesia 3h after its administration, rats were treated
with dexamethasone to avoid any effect of endogenous inflammatory mediators.
Dexamethasone (1mg/kg, 1h, s.c.) did not affect the mechanical hyperalgesia
induced by the co-administration of aBMeATP with the subthreshold doses of PGE;

or dopamine (Figure 3, panel C and D, respectively).
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Fig. 3. Activation of neuronal P2X3 receptor increases the susceptibility of PGE, and Dopamine to
induce mechanical hyperagesia. The administration of PGE; (4, 20 or 100ng/paw) or dopamine (0.4,
2 or 10ug/paw) induced dose-related mechanical hyperalgesia measured 3h after their administration
(panels B and C, respectively). The co-administration of apmeATP (50ug/paw) with subthreshold
dose of PGE; (4ng/paw, panel D) or dopamine (0,4ug/paw, panel E) induced maximal mechanical
hyperalgesia measured 3h after their administrations that was not affected by dexamethasone (1
mg/mL/kg). The symbol “*” indicates responses significantly greater than that induced by other

groups (p<0,05, ANOVA, Bonferroni test).
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3.4. Release of endogenous ATP and P2X3 receptor activation increases the

susceptibility to PGE> or Dopamine-induced mechanical hyperalgesia.

Because afmeATP is not the endogenous ligand of P2X3 and P2X2/3
receptors, we verified whether endogenous release of ATP by the inflammatory
agent, carrageenan, activates P2X3, increasing the susceptibility of primary afferent
neurons to PGE,- or dopamine-induced mechanical hyperalgesia (hyperalgesic
priming). Rats are treated with dexamethasone (1 mg/Kg, s.c.) and subthreshold
dose of PGE, (4ng/paw) or dopamine (0,4ug/paw) were co-administrated with
carrageenan (DOSE). Although neither carrageenan nor the subthreshold doses of
PGE. or dopamine induced mechanical hyperalgesia when administrated alone, the
co-administrations induced maximal mechanical hyperalgesia measured 3h after
their administrations (figure 4; p < 0.05, ANOVA, Bonferroni test). To demonstrate
that the hyperalgesic priming induced by carrageenan is associated with P2X3 and
P2X2/3 receptor activation, subthreshold doses of PGE»- or dopamine- was co-
administrated with carrageenan and the P2X3 and P2X2/3 receptor antagonist, A-
317491 (60ug/paw). The co-administration of A-317491 completely prevented the
mechanical hyperalgesia induced by the subthreshold doses of PGE, or dopamine
(hyperalgesic priming) measured 3h after their administrations (figure 4; p<0.05,

ANOVA, Bonferroni test).
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Fig.4. Endogenous release of ATP and P2X P2X2/3 receptor activation in not sensitized tissue
enhances the susceptibility of PGE, and dopamine to induce mechanical hyperagesia.
Dexamethasone (1mg/mL/kg) completely prevented the carrageenan-induced mechanical
hyperalgesia, but not altered the mechanical hyperalgesia induced by its co-administration with the
subthreshold dose of PGE, (4ng/paw) or dopamine (0,4ug/paw) measured 3 h after their
administrations. The co-administration of A-317491 (60ug/paw) with carrageenan prevented the
subthreshold dose of PGE,- or dopamine-induced mechanical hyperalgesia in rats pre-treated with
dexamethasone. The symbol “*” indicates responses significantly greater than that of other groups

(p<0,05, ANOVA , Bonferroni test)

3.5. Intraganglionar ODN antisense against P2X3 receptor prevented the
increase of susceptibility to PGE> or Dopamine-induced mechanical

hiperalgesia.
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Because A-317491 is a selective P2X3 and P2X2/3 receptor antagonist, to
confirm that the activation of P2X3 receptor of primary afferent neurons is
important to increasing its susceptibility to inflammatory mediators-induced
hiperalgesia (hyperalgesic priming), rats were treated with ODN antisense or
mismatch against P2X3 receptor (40ug/5ul/day, i.gl., 4 days) and dexamethasone
(1mg/kg, s.c.) 1h before carrageenan. As showed in figure 5 (panel A), ODN
antisense, but not mismatch, completely prevented the subthreshold dose of
PGE,- or dopamine-induced mechanical hyperalgesia (p < 0.05, ANOVA,
Bonferroni test). Furthermore, ODN antisense, but not mismatch, reduced the
P2X3 receptor expression on L5 ganglion and on saphenous nerve (Figure 5,
panel B, p < 0.05, ANOVA, Bonferroni test). As showed in the figure 5 (panel A),
treatment with intraganglionar administration of ODN (40ug/5ul/day, i.gl., 4 days)
did not change by itself the mechanical nociceptive threshold measured before the

administration of carrageenan.
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Fig.5. Endogenous release of ATP and neuronal P2X3 receptor activation in not sensitized tissue
enhances the susceptibility of PGE, and dopamine to induce mechanical hyperalgesia The pre-
treatment with ODN antisense against P2X3 receptor, but not mismatch (40ug/5ul/day, i.g, for 4
days) significantly reduced the mechanical hyperalgesia induced by the subthreshold dose of PGE;
(4ng/paw) or dopamine (0,4ug/paw) co-administrated with carrageenan (300 pg/paw) in hind paw of

rats pre-treated with dexamethasone (1mg/mL/Kg), and measured 3 h after their administrations
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(panel A). ODN antisense (AS), but not mismatch (M), reduced the P2X3 receptor expression on
saphenous nerve (panel B). The symbol “*” indicates responses significantly greater than that of

other groups (p<0,05, ANOVA , Bonferroni test or t-test).

3.6. Acute hyperalgesic priming mediated by P2X3 receptor activation
depends on PKCe

We also verified whether PKCe is important to increasing the susceptibility of
primary afferent neurons to inflammatory mediators-induced hiperalgesia
(hyperalgesic priming). The co-administration of carrageenan (300 pg/paw) with
subthreshol dose of PGE, (4 ng/paw) or dopamine (0.4 pg/paw) did not induce
mechanical hyperalgesia measured 3h after their administrations in hindpaw of rats
pre-treated with dexamethasone (1 mg/mL/kg; 1h before) and PKCe inhibitor (1
ug/paw; 45 min before), but not with dexamethasone and saline. PKCe inhibitor
administrated 45 min before PGE, (100 ng/paw) or Dopamine (10 pg/paw) did not
alter the mechanical hyperalgesia measured 3 hours after its administration (figure

6).
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Fig. 6. Acute hyperalgesic priming mediated by P2X3 receptor activation depends on
PKCe. The pre-treatment with PKCe inhibitor (1 pg/paw; 45 min before) reduced the hiperigesia
induced by the subthreshold dose of PGE, (4ng/paw) or dopamine (0,4ug/paw) co-administrated
with carrageenan (300 pg/paw) in hind paw of rats pre-treated with dexamethasone (1 mg/mL/kQ).
The symbol “*” indicates responses significantly greater than that of other groups (p<0,05, ANOVA

, Bonferroni test or t-test).
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4. Discussion

In this study, we have shown that activation of peripheral neuronal P2X3
receptors by endogenous ATP released during the inflammation of peripheral
tissue increases the susceptibility of primary afferent neurons to others
hyperalgesic mediators, such as prostaglandin E, and sympathetic amines.
Specifically, we have found that subthreshold dose of PGE, (4 ng/paw) or
dopamine (0.4 ug /paw), that is, doses that did not induce mechanical hyperalgesia
when administrated alone, induced mechanical hiperalgesia at same magnitude of
their maximal doses when co-administrated with the inflammatory agent
carrageenan or with the P2X3,2/3 receptor agonist aBmeATP. Although it has
been described that aBmeATP is an agonist of P2X1, P2X3 and P2X2/3 receptors
(Rongen et. Al., 1997), the involvement of P2X1 seems to be unlikely because only
small amount of P2X1 mRNA is found in dorsal root ganglia (Lewis et. Al., 1995;
Collo et. Al., 1996). Furthermore, it has been demonstrated that IP5I, a potent and
selective P2X1 receptor antagonist is ineffective at reducing inflammatory pain
(Honore, Mikusa et al. 2002).

It has been demonstrated that carrageenan induces the release of the
cytokine IL-1B (Ferreira et al., 1988; Oliveira et al., 2009), which in turn, induces the
release of prostaglandins (Ferreira et al., 1988). Recently we demonstrated that the
local administration of the selective P2X3,2/3 receptors antagonist A-317491 in the
peripheral tissue preventes the mechanical hyperalgesia induced by carrageenan
(Oliveira et al., 2009) butdoes not affect the release of IL-1B in the peripheral tissue
challenged with carrageenan (Oliveira et al., 2009). Therefore, this finding suggests

that the release of prostaglandins is not reduced by A-317491. Since it is generally
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accepted that prostaglandins directly sensitize primary afferent neurons, the
complete inhibition of carrageenan-induced hyperalgesia by A-317491 cannot be
explained by the decrease of prostaglandins levels.

Based on these data, a series of experiments were performed to investigate
wheter neuronal P2X3 receptor activation contributes to the hyperalgesia induced by
prostaglandins or sympathetic amines that directly sensitize nociceptores. Our
findings demonstrated that neuronal P2X3 receptor activation increases the
susceptibility of primary afferent neurons to PGE,- or dopamine-induced
hyperalgesia. This “primed” state of the neuron seems to be essential to the
development of inflammatory hyperalgesia in peripheral tissue. In fact, the results of
the present study demonstrated that a dose of PGE, or dopamine that did not
induce hyperalgesia when administrated alone, induced hyperalgesia in the “primed”
state at the same magnitude of that induced by the maximal doses of these
mediators when administrated alone.

It is important to point out that the transient hyperalgesia induced by
aBmerATP is not associated to the increased susceptibility of the primary afferent
neurons to the hyperalgesia induced by others inflammatory mediators, because
dexamethasone prevented carrageenan- or aBmeATP-induced hyperalgesia, but not
the priming. Thesefindings suggest that dexamethasone blocks the endogenous
release of inflammatory mediators, but does not affect the release of ATP. In
addition, while aBmeATP induced hyperalgesia only 1 hour after its administration,
the acute hyperalgesic priming induced by afmeATP persisted 3 hours after its

adminitration.
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Carrageenan-induced hyperalgesia is mediated by both prostaglandins and
sympathetic amines because the local administration of COX inhibitors or -
adrenoceptor antagonists reduces the carrageenan-induced hyperalgesia by 50%
(Cunha, Lorenzetti et al. 1991; Cunha, Poole et al. 1992). In this study we
reproduced our previous findings that P2X3,2/3 receptors antagonists prevent the
carrageenan-induced mechanical hyperalgesia (Oliveira et al., 2009), confirming that
P2X3,2/3 receptor activation by endogenous ATP is essential to the development of
the sensitization of the primary afferent neuron induced by prostaglandins and
sympathetic amines.

It has been described that P2X3 receptors are predominantly expressed on
primary afferent fibers (Chen et al.,, 1995; Lewis et. Al, 1995;). Intrathecal
administration of ODN antisense against P2X3 reduces the carrageenan-induced
mechanical hyperalgesia (Oliveira et al., 2009). Because activation of P2X3,2/3
receptor in the spinal cord also collaborates to the development of inflammatory
hiperalgesia, in this study, ODN antisense against P2X3 was administrated in the
DRG-L5 ganglion. Our finding demonstrated that ODN antisense against P2X3
receptor prevented the hyperalgesia induced by a subthreshold dose of PGE, or
dopamine in the rat’s hindpaw “primed” with carrageenan. This finding confirms that
the activation of neuronal P2X3 receptor activation in peripheral tissue is important
to the development of inflammatory hyperalgesia by increasing the susceptibility of
the primary afferent neuron to other inflammatory mediators, such as prostaglandins

and sympathetic amines.
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We also demonstrated that this acute hyperalgesic “priming” depends on
PKCe activation. Moreover, the hyperalgesia induced by PGE, administrated in the
subcutaneous tissue also depends on PKCeg, which is later activated, at least 180
min after PGE, administration (Sachs et al., 2009). Based on that, in this study, the
PKCeyy.2 peptide that reversibly inhibits PKCe translocation (Gray et al., 1997) was
locally administrated in the subcutaneous tissue 45 minutes before PGE,, but co-
administrated with carrageenan. Although the dose of 1ug of PKCe inhibitor locally
administrated in the subcutaneous tissue did not alter the hyperalgesia induced by a
sub-maximal dose of PGE, (100 ng) in normal paws (Sachs et al., 2009) it inhibited
the hyperalgesia induced by a subthreshold dose of PGE, (4 ng) in “primed” paws.
This finding suggests that the involvement of PKCe in this hyperalgesic “priming” is
associated a signaling pathway different from that involved in PGEz-induced
hyperalgesia.

In summary, the data of the present study demonstrated that neuronal P2X3
receptor activation is essential to the mechanical hyperalgesia induced by the
endogenous release of prostaglandins or sympathetic amines. These findings
suggest that during an inflammatory process of the peripheral tissue neither
prostaglandins nor sympathetic amines are able to sensitize primary afferent neuron

by themselves, a previous PKCe activation is necessary.
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2. Discussao

O presente estudo demonstrou que a ativagao dos receptores P2X3,2/3 nos
neurdnios aferentes primarios pela liberacdo de ATP endbégeno durante
inflamacdo no tecido periférico aumenta a susceptibilidade do neurbnio aos
mediadores inflamatérios finais, como as prostaglandinas E, e as aminas
simpatomiméticas. Na verdade, os resultados desse estudo mostram que doses
sublimiares de PGE, (4ng/pata) ou dopamina (0,4ug/pata) que nao induzem
hiperalgesia mecéanica quando administradas sozinhas, induzem hiperalgesia
mecanica da mesma magnitude de suas doses maximas quando co-administradas
com o agente inflamatério carragenina ou com o agonista dos receptores P2X83,
2/3, aPpmeATP. Embora seja descrito que o afpmeATP é agonista de receptores
P2X1, P2X3 e P2X3,2/3 (Rongen et al.,, 1997), o envolvimento dos receptores
P2X1 parece ser improvavel uma vez que pouco RNAm do receptor P2X1 é
encontrado no ganglio da raiz dorsal (Lewis et al., 1995; Collo et al., 1996) e
porque foi demonstrado que IP5I, um potente e seletivo antagonista do receptor
P2X1, é ineficiente em reduzir a dor inflamatéria (Honoré et al., 2002).

A administracéo local do antagonista seletivo dos receptores P2X3,2/3, A-
317491, no tecido periférico completamente preveniu a hiperalgesia mecanica
induzida pela carragenina. Foi demonstrado que a carragenina induz a liberacéao
de IL-1B (Ferreira et al., 1988, Oliveira et al., 2009), que por sua vez, induz a
liberagdo de prostaglandinas (Ferreira et al., 1988). No entanto, nosso estudo
anterior demonstrou que a administracédo local de A-317491 nao afeta a liberacao

de IL-1B no tecido periférico onde foi administrada carragenina (Oliviera et al.,
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2009). Dessa maneira, esses dados sugerem que a liberagdo de prostaglandinas
nao é diminuida pelo A-317491. Uma vez que é aceito que as prostaglandinas
diretamente sensibilizam os neurénios aferentes primarios, a completa inibicdo da
hiperalgesia induzida pela carragenina pelo A-317491 nao pode ser explicada pela
diminuicado nos niveis de prostaglandina.

Baseado nesses dados, uma série de experimentos foi feita para analisar a
hip6tese de que a ativacao dos receptores P2X3 participa da hiperalgesia mediada
por mediadores inflamatérios, como as prostaglandinas e as aminas
simpatomiméticas, que sensibilizam diretamente os nociceptores. Nossos dados
demonstraram que a ativacdo dos receptores P2X3 aumenta a susceptibilidade
dos neurbnios aferentes primarios a hiperalgesia induzida por PGE, ou dopamina.
Esse estado de “priming” do neurbnio parece ser essencial para o
desenvolvimento da hiperalgesia inflamatéria no tecido periférico. Na verdade, os
resultados desse presente estudo demonstraram que a dose de PGE: ou
dopamina que nao induzem hiperalgesia quando administradas sozinhas, induzem
hiperalgesia no estado de “priming” dos neurbnios na mesma magnitude das
doses maximas desses mediadores quando administrados sozinhos.

E importante ressaltar que a rapida sensibilizagdo dos neurdnios aferentes
primarios pelo aBmeATP ndo estd associada com o aumento da susceptibilidade
dos neurbnios aos mediadores inflamatérios. Como descrito no “Resultados” do
artigo, para evitar a liberacdo de mediadores inflamatérios enddgenos pela
carragenina ou pelo afmeATP, os ratos foram pré-tratados com dexametasona,
que completamente preveniu a hiperalgesia prevenida pela carragenina ou pelo

afmeATP, mas nao preveniu o “priming”. Assim, nossos resultados sugerem que
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a dexametasona bloqueia a liberacdo dos mediadores inflamatérios, mas nao
afeta a liberacdo de ATP. Além disso, nossos resultados mostraram que
afmeATP induz hiperalgesia ap6s 1 hora somente depois de sua administracéao e
o “priming” hiperalgésico foi testado 3 horas depois de sua administracao.

Foi demonstrado que a hiperalgesia induzida pela carragenina € mediada
pela somatéria das hiperalgesias parciais induzidas pela liberacdo de
prostaglandinas e de aminas simpatomiméticas, uma vez que o inibidor da sintese
de COX-2, indometacina, ou anatagonistas B-adrenérgicos reduzem a hiperalgesia
induzida pela carragenina em cerca de 50% (Cunha et al., 1991; Cunha et al.,
1992). No entanto, um recente estudo demonstrou que o antagonita dos
receptores P2X3, 2/3 bloqueou completamente a hiperalgesia induzida pela
carragenina, sugerindo que a ativacao do receptor P2X3,2/3 pelo ATP enddgeno é
essencial no desenvolvimento da sensibilizagcdo dos neurdnios aferentes primarios
induzida pelas prostaglandinas e aminas simpatomiméticas (Oliveira et al., 2009).

Foi descrito que os receptores P2X3,2/3 sao expressos predominantemente
nas fibras aferentes primarias (Chen et al., 1995; Lewis et al., 1995). A
administracdo intratecal de ODN antisense contra os receptores P2X3 reduz a
hiperalgesia mecanica induzida pela carragenina (Oliveira et al, 2009). Como a
ativacao dos receptores P2X3,2/3 na medula espinhal também contribui para o
desenvolvimento da hiperalgesia inflamatéria, nesse estudo, ODN antisense
contra os receptores P2X3 foi administrado no ganglio da raiz dorsal L5. Nossos
dados demonstraram que ODN antisense contra o receptor P2X3 preveniu a
hiperalgesia induzida pelas doses sublimiares de PGE» ou dopamina nas patas de

ratos com o “priming” da carragenina.
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Foi demonstrado também que o “priming” hiperalgésico agudo depende da
ativacao da PKCe. Alem disso, a hiperalgesia induzida pela PGE, administrada no
tecido subcutdaneo também depende da PKCe, que é ativada tardiamente, pelo
menos 180 minutos depois da administragdo da PGE, (Sachs et AL., 2009).
Baseado nisso, nesse estudo, o peptideo PKCeyyo que inibe reversivelmente a
translocacdo da PKCe (Gray et al., 1997) foi localmente administrado no tecido
subcutaneo 45 minutos antes da PGE,, mas co-administrada com carragenina.
Embora a dose de 1ug do inibidor de PKCe localmente administrado no tecido
subcutaneo nao tenha alterado a hiperalgesia induzida pela dose sub-maxima de
PGE, (100 ng) em patas normais (Sachs et al., 2009), ela inibiu a hiperalgesia
induzida pela dose sub-limiar de PGE, em patas com o “priming”. Esse dado
sugere que o envolvimento da PKCe nesse “priming” hiperalgésico esta associado
com uma via de sinalizacao diferente daquela envolvida na hiperalgesia induzida
pela PGE-.

Em resumo, os dados desse presente estudo demonstraram que a ativagao
dos receptores P2X3,2/3 neuronais é essencial para a hiperalgesia mecanica
induzida pela liberacao enddégena de prostaglandinas e aminas simpatomiméticas.
Esses resultados sugerem que, durante um processo inflamatério no tecido
periférico, nem as prostaglandinas nem as aminas simpatomiméticas, embora
sensibilizem diretamente os neurdnios aferentes primarios, é capaz de sensibiliza-

los somente por elas proprias, sendo necessaria a ativacao prévia da PKCe.
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