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RESUMO
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AVALIACAO DO POTENCIAL ANTINOCICEPTIVO DE 5- TRIALOMETIL- 4,5-
DIIDRO-1H- PIRAZOL METIL ESTERES INEDITOS EM CAMUNDONGOS

AUTORA: JULIE MILANO
ORIENTADOR: HELIO GAUZE BONACORSO
CO-ORIENTADORA: MARIBEL ANTONELLO RUBIN
Local e Data da Defesa: Santa Maria, 11 de julho de 2008

A dor é um sintoma comum na pratica clinica, por isso muitos avancos estao sendo
realizados no sentido de obter moléculas analgésicas cada vez mais efetivas e com
menos efeitos colaterais. Neste contexto, no presente estudo avaliou-se o potencial
antinociceptivo de quatro pirazéis inéditos: 3- metil-5-hidroxi-5-trifluormetil-4,5-diidro-
1H-pirazol metil éster (MPF3), 4-metil-5-hidroxi-5-trifluormetil-4,5-diidro-1H-pirazol
metil éster (MPF4), 3-metil-5-hidroxi-5-triclorometil-4,5-diidro-1H-pirazol metil éster
(MPCI3) e 4-metil-5-hidroxi-5-triclorometil-4,5-diidro-1H-pirazol metil éster (MPCI4). A
administracao sistémica dos compostos foi efetiva em inibir a nocicepg¢do em
modelos de dor induzida por estimulo nocivo quimico (teste da formalina, 0,03-1,0
mmol/kg, i.p.) e térmico (teste da placa-quente, 0,1-1,0 mmol/kg, i.p.). Em adigao,
MPF4 produziu antinocicep¢cdao em modelos de dor inflamatéria causada por
Adjuvante Completo de Freund (ACF) ou por incisdo na pata de camundongos. O
efeito antinociceptivo de MPF4 (1,0 mmol/kg, i.p.) ndo foi revertido pelo pré-
tratamento dos animais com ioimbina (0,15 mg/kg, i.p.) ou p-clorofenilalanina etil
ester (PCPA; 300 mg/kg, i.p.), mas sim, por naloxona (2,0 mg/kg, i.p.), tanto na
nocicepgao térmica quanto na nocicepgcdo quimica. O tratamento dos animais
durante um periodo de 8 dias consecutivos com MPF4 (1,0 mmol/kg, i.p), ao
contrario daqueles tratados com morfina (5,0 mg/kg, i.p.), ndo desenvolveram
tolerancia antinociceptiva nem tolerancia cruzada com os animais tolerantes a
morfina. Porém, similar ao opiéide morfina (11 mg/kg, i.p.), MPF4 (1,0 mmol/kg, i.p)
inibiu o transito gastrintestinal de camundongos, sendo este efeito revertido por
naloxona (2,5 mg/kg, i.p.). Além disso, diferente de indometacina (0,1 mmol/kg, v.0.),
MPF4 (1,0 mmol/kg, v.0.) ndo induziu lesdo gastrica em camundongos. Nenhum dos
compostos testados causou alteragdo na atividade locomotora dos camundongos.
Estes achados sugerem que os novos pirazoline metil ésteres avaliados parecem
ser promissores para o desenvolvimento de novas drogas analgésicas
terapeuticamente relevantes.

Palavras chave: antinocicepgao, pirazoline metil ésters, dor, analgésicos.
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EVALUATION OF THE ANTINOCICEPTIVE EFFECT OF NOVEL 5-
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AUTHOR: JULIE MILANO
ADVISOR: HELIO GAUZE BONACORSO
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Pain is a common symptom in clinical practice and many advances have been
observed in order to obtain more effective analgesic molecules with fewer side
effects. The present study evaluated the antinociceptive potential of four novel
pyrazoles: 3-methyl-5-trifluoromethyl-5-hydroxy-4,5-dihydro-1H-pyrazole methyl ester
(MPF3), 4-methyl-5-trifluoromethyl-5-hydroxy-4,5-dihydro-1H-pyrazole methyl ester
(MPF4), 3-methyl-5-trichloromethyl-5-hydroxy-4,5-dihydro-1H-pyrazole methyl ester
(MPCI3), and 4-methyl-5-trichloromethyl-5-hydroxy-4,5-dihydro-1H-pyrazole methyl
ester (MPCI4). The systemic administration of the compounds was effective for the
inhibition of the nociception in chemical (formalin test, 0.03 -1.0 mmol/kg, i.p.) and
thermal (hot-plate test, 0.1-1.0 mmol/kg, i.p.) models of pain. In addition, MPF4 also
produced antinociception in models of inflammatory pain induced by Complete
Freund’s Adjuvant (CFA) or by incision procedure in paw of mice. The antinociceptive
effect of MPF4 (1.0 mmol/kg, i.p.) was not reversed by yohimbine (0.15 mg/kg, i.p.) or
p-chlorophenylalanine ethyl ester (PCPA; 300 mg/kg, i.p.), but by naloxone (2.0
mg/kg, i.p.), in both thermal and chemical nociception. Animals given MPF4 (1.0
mmol/kg, i.p.) daily for 8 days in a row, in contrast to morphine (5 mg/kg, i.p.),
showed no tolerance to its antinociceptive effect or cross-tolerance with morphine.
However, similarly to morphine (11 mg/kg, i.p.), MPF4 (1.0 mmol/kg, i.p.) reduced
gastrointestinal transit in mice and its effect was reversed by naloxone (2.5 mg/kg,
i.p.). Unlike indomethacin (0.1 mmol/kg, p.o.), MPF4 (1.0 mmol/kg, p.o.) did not
induce gastric lesions in mice. The tested compounds did not impair locomotion in
the mice as well. Taken together, the results demonstrate that these novel pyrazoline
methyl esters evaluated may be promising prototypes of additional mild analgesics,
which are therapeutically relevant.

Key words: antinociception, pyrazoline methyl esteres, pain, analgesics.
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APRESENTACAO

Esta tese apresenta os resultados sob a forma de artigo e manuscrito, os
quais se encontram no item ARTIGO E MANUSCRITO CIENTIFICOS. As secdes
Materiais e Métodos, Resultados, Discussao dos Resultados e Referéncias
Bibliogréaficas, encontram-se no proprio artigo e manuscrito.

No final desta tese encontram-se os itens DISCUSSAO e CONCLUSOES,
nos quais ha interpretagcbes e comentarios gerais sobre o artigo e manuscrito
cientificos contidos neste estudo.

No item PERSPECTIVAS estdo expostos os possiveis estudos para
continuacao do estudo do autor, referente a esse assunto.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citacées que
aparecem nos itens INTRODUCAO, REVISAO BIBLIOGRAFICA e DISCUSSAO

desta tese.



1 INTRODUCAO

A dor é o principal sintoma clinico que leva os individuos a procurar servigos
primarios de saude. Embora a dor seja fundamental para a manutencdo da
integridade fisica, gera consequéncias desagradaveis tais como sofrimento,
estresse, prejuizos nas relagdes sociais e econdOmicas (ex: isolamento social,
auséncia no trabalho), portanto, deve ser rapidamente e efetivamente tratada
(LOESER & MELZACK, 1999; BRENNAN et al., 2007).

De acordo com a Associagao Internacional para o Estudo da Dor, a dor pode
ser definida como “uma experiéncia sensorial e emocional desagradavel associada a
lesdo tecidual presente real ou potencial ou ainda descrita em termos que sugerem
tal lesédo” (MERSKEY & BOGDUK, 1994; LOESER & MELZACK, 1999). Portanto,
sua percepgao € complexa e ndo envolve apenas a transmissao de um estimulo
nocivo, mas também processos emocionais e cognitivos em nosso cérebro
(TRACEY & MANTYH, 2007). A dor, além de uma sensacdo € uma experiéncia.
Sensacgdes possuem vias neuroanatdmicas importantes com receptores especificos
que permitem a deteccdo e medida de um estimulo. As experiéncias incorporam 0s
componentes sensoriais com influéncias pessoais e ambientais importantes (JULIUS
& BASBAUM, 2001). A sensagao de dor nos alerta para uma real ou provavel lesdo
e desencadeia respostas apropriadas para proteger o organismo, desta forma, a dor
eminentemente aguda possui grande valor adaptativo relacionado com a
sobrevivéncia. Contudo, a dor pode tornar-se cronica e debilitante em substituicdo a
funcdo de atuar como um sistema de defesa. Isto ocorre quando o organismo nao é
capaz de produzir resolugao da lesao ou quando a plasticidade neuronal que ocorre
durante a doenga mantém a dor apds a cura da lesdo (BESSON, 1999; COUSINS,
2007).

Considerando que a dor € um problema universal e seu tratamento consiste
em um dos principais desafios para a terapéutica médica, pesquisas tém sido
extensamente realizadas a fim de esclarecer um melhor entendimento do
mecanismo da dor, bem como identificar tratamentos mais efetivos (MERCADANTE,
1999).
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As duas principais classes de analgésicos utilizadas na terapia atual para o
tratamento da dor sdo os opidides e os antiinflamatérios ndo esteroidais (AINEs),
que, embora eficazes, apresentam efeitos adversos que tornam o tratamento clinico
limitado (NEGUS et al., 2006; WOODCOCK et al., 2007). Dentre os efeitos adversos
apresentados pelos analgésicos opidides, o principal fator limitante € o aparecimento
da tolerancia analgésica, ja entre os AINEs, o maior problema esta relacionado as
complicagdes gastrintestinais (HENRY et al., 1996; COLLETT, 1998; WHITTLE,
2003).

Apesar dos avancgos significativos relacionados principalmente a sintese de
novos compostos e ao aparecimento de novos derivados sintéticos, os opidides e os
AINEs, mesmo com seus efeitos adversos, continuam sendo os farmacos de
primeira escolha para o tratamento da dor. Assim, de acordo com os dados
expostos, justifica-se a grande busca por novos agentes analgésicos cada vez mais

efetivos e seguros para o tratamento da dor.



2 OBJETIVOS

2.1 Objetivo geral

O

objetivo do presente trabalho foi avaliar o potencial antinociceptivo de

pirazois trialometil substituidos inéditos em camundongos.

2.2 Objetivos especificos

v

v

v

v

v

v

Avaliar o possivel efeito antinociceptivo dos pirazois trialometil substituidos
inéditos MPF3, MPF4, MPCI3 e MPCI4 em modelos de nocicepgao aguda
induzida por estimulo quimico e estimulo térmico.

Investigar uma possivel alteracdo na atividade locomotora dos animais
causada pela administracdo dos pirazoéis trialometil substituidos inéditos
MPF3, MPF4, MPCI3 e MPCI4.

Verificar alguns dos possiveis mecanismos de agao responsaveis pela
acgao antinociceptiva do MPF4.

Verificar se o MPF4 produz toleréncia antinociceptiva e tolerancia cruzada
com a morfina em camundongos.

Analisar se 0 MPF4, assim como o opidide morfina, produz inibicdo do
transito gastrintestinal (TGIl) em camundongos.

Investigar se o MPF4 produz efeito antinociceptivo em modelo de
nocicepgao inflamatodria crénica induzida por Adjuvante Completo de
Freund e em modelo de nocicepgao inflamatéria aguda induzida por incisdo
na pata em camundongos.

Verificar o potencial do MPF4 em causar lesdo gastrica aguda em

camundongos.



3 REVISAO BIBLIOGRAFICA

3.1 Dor e nocicepgéo

Inicialmente a sensacao dolorosa era considerada uma resposta
exclusivamente ligada a lesao tecidual. Entretanto, nos ultimos anos, a dor tem sido
considerada um fenbmeno multidimensional. Aspectos subjetivos da experiéncia
dolorosa, tais como os componentes afetivos e cognitivos, a ansiedade e a
expectativa passaram a ser cada vez mais considerados (LOESER & MELZACK,
1999). Porém, os aspectos subjetivos da dor sao dificeis de serem avaliados em
animais, devido ao fato de que nao verbalizam suas sensag¢des (TJOLSEN & HOLE,
1997; PERL, 2007). Desta forma, os termos dor e analgesia, os quais representam
uma experiéncia subjetiva, sdo mais adequadamente utilizados para o ser humano,

enquanto nocicepg¢ao e antinocicepgao para 0s animais.

A nocicepgao é o componente sensorial da dor, o qual pode ser definido como
uma sensacao determinada pela estimulagcédo das fibras aferentes primarias. Assim,
enquanto a dor envolve a percepg¢ao de um estimulo aversivo, a nocicepcao refere-
se as manifestagdes neurofisioldgicas geradas por estimulo nocivo. A nocicepgéao é
a progenitora da dor, que por sua vez causa sofrimento e desencadeia no animal
comportamentos tipicos tais como lamber ou morder a area lesada, vocalizagao ou
reflexo de retirar a parte do corpo agredida (TJOLSEN & HOLE, 1997; LE BARS et
al., 2001). Neste contexto, em animais, a dor € avaliada indiretamente através da
observagao comportamental evidenciada. Desta maneira, modelos animais de dor
sao de fato modelos de nocicepgao (TJOLSEN & HOLE, 1997).

Por analogia, as drogas que suprimem os comportamentos nociceptivos sao
denominadas antinociceptivas, enquanto aquelas que induzem estes
comportamentos, caracteristicos de nocicepg¢ao, sdo chamadas de pro-nociceptivas
ou algogénicas. Contudo, drogas antinociceptivas ndo sao obrigatoriamente

analgésicas, visto que a supressdao do comportamento nociceptivo pode ser
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desencadeada por fatores inespecificos, como prejuizo motor e sedagao, os quais
diferem de analgesia (TABARELLI et al., 2004).

Em termos de duragdo, uma sensacio dolorosa pode ser classificada como
transitoria, aguda ou cronica. Na dor transitéria, a ativacdo dos nociceptores
(receptores responsaveis em detectar um estimulo doloroso) acontece na auséncia
de qualquer dano tecidual, e desempenha fungao protetora do organismo contra
possiveis danos teciduais. Contudo, a dor aguda, € uma resposta causada por uma
lesdo de tecido com consequente ativacdo dos nociceptores no local da lesao, se
caracteriza por ser de curta duracido, desaparecendo até mesmo antes da cura do
dano tecidual. Além disso, a dor aguda é geralmente de facil identificacdo e
tratamento, possuindo também carater protetor (LOESER & MELZACK, 1999;
BRENNAN et al., 2007). Ja& a dor cronica, é causada por uma lesdo tecidual ou
doencga, e geralmente ultrapassa o tempo de recuperagédo do organismo, ou seja,
este tipo de dor pode nao desaparecer mesmo quando o trauma inicial (lesédo) foi
resolvido. A dor cronica se estende por meses ou anos, € de dificil identificagao,
sendo uma patologia que geralmente necessita de tratamento complexo (BRENNAN
etal.,, 2007; TRACEY & MANTYH, 2007).

Durante estes quadros patoldgicos, o processamento sensorial € anormal
(BESSON, 1999). Estimulos que normalmente s&o percebidos como dolorosos
produzem percepgdo exagerada de dor, isto €, hiperalgesia. Estimulos que
normalmente sao indcuos, tais como leve toque ou pequenas alteracbes na
temperatura ambiente, produzem a sensacgao de dor, isto €, alodinia. A dor crénica
difere da dor aguda ndo somente em relagdo ao seu carater persistente, mas esta,
também, associada com alteragdes adaptativas, tais como a neuroplasticidade em
varios niveis do sistema nervoso. As alteracdes plasticas causadas pela dor cronica
podem envolver a sensibilizacdo das fibras aferentes primarias, sensibilizacdo de
neurénios excitatérios, dessensibilizagdo de neurdnios inibitoérios, reorganizacéo do
circuito neuronal do corno dorsal da medula e alteragdes na facilitacdo e inibigao
descendente da dor. Tendo em vista que estes eventos sdo dependentes da
intensidade e da duragdo do estimulo, quanto mais persistente for o processo
doloroso, mais dificil se torna o tratamento (BESSON, 1999; WANG & WANG, 2003;
HUCHO & LEVINE, 2007).
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3.2 Mecanismos envolvidos na transmissao da dor e nocicep¢ao

A transmissdo da dor envolve uma interacdo complexa de estruturas
periféricas e centrais, desde a pele, visceras e outros tecidos até o cortex cerebral.
Um nervo periférico consiste em axénios de trés diferentes tipos de neurbnios:
sensoriais primarios, motores e pds-ganglionares simpaticos. As terminacdes livres
de fibras aferentes primarias sensiveis a estimulos nocivos s&o chamados de
nociceptores (ou receptores da dor) (MILLAN, 1999).

Os estimulos nocivos tais como calor, frio, compressao intensa, substancias
quimicas endogenas ou exdgenas ativam fibras aferentes sensoriais delgadas do
tipo C e Ad. Além destas, outro tipo de fibra que pode estar envolvida na transmissao
do estimulo sensorial s&do as fibras do tipo AB, que normalmente respondem a
estimulos in6cuos aplicados a pele, porém em condi¢gdes especiais sdo capazes de
conduzir rapidamente o estimulo doloroso (30-100 m/s). As fibras AP s&o
mielinizadas e de grande diametro. Ja as fibras do tipo A5, de condugao
intermediaria (12 a 30 m/s), sdo pobremente mielinizadas, enquanto as fibras do tipo
C sédo nao mielinizadas e transmitem o estimulo nociceptivo de forma mais lenta (0,5
a 2,0m/s) (JULIUS & BASBAUM, 2001).

As fibras aferentes primarias C e Ad transmitem a informac&o nociceptiva da
periferia até o corno dorsal da medula espinhal, e suas terminagcées encontram-se
principalmente nas laminas | (zona marginal) e 1amina Il (substéncia gelatinosa). No
corno dorsal da medula espinhal neurdnios de primeira ordem fazem sinapse com
neurbnios de segunda ordem cujos axbénios cruzam a medula espinhal para
ascender através do trato espinotalamico chegando ao talamo (ALMEIDA et al.,
2004). No talamo, neurbnios de terceira ordem emitem ax6nios ao cortex
somatosensorial, onde a localizagdo do estimulo nocivo é realizada (discriminagéo
do estimulo) ou ainda, podem emitir axénios ao giro cingulado anterior, onde é
processado o componente emocional da dor (MILLAN, 1999; HUNT & MANTYH,
2001). Além de desempenhar importante papel na interpretacdo da informacéao
nociceptiva ascendente, as estruturas supra-espinhais também estdo envolvidas na

modulagdo dos circuitos descendentes que controlam a dor. As vias descendentes
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originam-se no tronco cerebral e outras estruturas como hipotalamo, cortex, talamo,
nucleo magno da rafe (NMR), substancia cinzenta periaquedutal (PAG) e estruturas
adjacentes da medula rostroventromedial (RVM), que exercem importante papel na
integracdo e modulagdo das mensagens nociceptivas no corno dorsal da medula
espinhal (MILLAN, 2002; VANEGAS & SCHAIBLE, 2004). Os mecanismos
descendentes modulam a resposta nociceptiva por exercer suas agdes em
nociceptores presentes nas fibras aferentes primarias, bem como em neurbnios
intrinsecos do corno dorsal, como interneurdnios excitatorios, interneurdnios
inibitérios e neurdnios de projegao (MILLAN, 2002).

Uma das descobertas mais interessantes a respeito do circuito modulatorio da
dor é que este pode tanto facilitar quanto inibir a transmissao nociceptiva (JULIUS &
BASBAUM, 1999; PORRECA et al., 2002). Por exemplo, na RVM estdo presentes
dois tipos de neurdnios, as chamadas células “liga” (on) e as células “desliga “(off),
as quais estdo envolvidas na modulacdo nociceptiva. E proposto que as células
‘liga” (on) medeiam a facilitagdo da conducdo de estimulos nociceptivos quando
ativadas, e as células “desliga” (off) medeiam a inibicdo da transmissao nociceptiva,
provocada pela estimulacdo da substancia cinzenta periaquedutal (PAG). De
maneira geral, a substancia cinzenta periaquedutal deve excitar as células off e inibir
as células on na medula rostroventromedial (FIELDS et al., 2006). Logo, o balango
entre a ativacdo dessas duas subpopulagdes de neurdnios determina a resposta a
um estimulo nociceptivo periférico. No entanto, em situagcbes de dor persistente,
alteragdes na neuroplasticidade podem resultar em uma estimulacao facilitatéria
sustentada, o que ocasiona respostas persistentes e exageradas a dor (REN &
DUBNER, 2002; PORRECA et al., 2002).

Além da modulacdo descendente da informagao nociceptiva envolver uma
série de estruturas cerebrais, como mencionado anteriormente, os sistemas de
neurotransmissores também estdo envolvidos nesta conex&o. Todos os
neurotransmissores envolvidos na inibicdo descendente (tais como opidides
enddgenos, serotonina, noradrenalina) parecem inibir a excitagdo de neurbnios de
segunda ordem na presencga de estimulo nocivo (FURST 1999; FIELDS, 2006).

O entendimento dos mecanismos envolvidos na transmissao do sinal doloroso
tem progredido muito nos ultimos anos, em grande parte devido a um
aprimoramento na compreensao dos mecanismos envolvidos na fisiologia das fibras

aferentes e no processo de neurotransmissao no corno dorsal da medula espinhal.
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Diversos mediadores tém sido propostos na génese e transmissao da dor, tais como
metabdlitos do acido araquiddnico (prostaglandinas e leucotrienos), peptideos
(bradicinina, CGRP, substancia P), aminoacidos excitatérios (glutamato e aspartato)
entre outros, sdo responsaveis pela multiplicidade de eventos que ocorrem durante a
transmissao da dor, tanto no sistema nervoso periférico quanto no sistema nervoso
central (FURST, 1999; MILLAN, 1999, HILL, 2001). Alguns mediadores atuam
através da interagdo com receptores acoplados a proteina G, desencadeando a
formagdo de segundos mensageiros, como o monofosfato de adenosina ciclico
(AMPc), trifosfato de inositol (IP3), diacilglicerol (DAG), aumento de calcio intracelular
e ativacdo de canais iodnicos. Outros mediadores da nocicepgao podem ativar
diretamente canais ibnicos, 0os quais sdo capazes de alterar a permeabilidade da
membrana celular a ions (DRAY & PERKINS, 1993; WOOLF & COSTIGAM, 1999;
WOOLF & SALTER, 2000).

Evidéncias experimentais indicam que a nocicepgao persistente decorrente de
lesdo tecidual e/ou a observada nos casos de processos inflamatérios envolve
mecanismos complexos. Nestas situacdes encontra-se um quadro de estimulacao
constante dos nociceptores, o qual é responsavel por alteracbes plasticas nao
somente no tecido nervoso periférico, mas também em nivel central. A sensibilizacédo
dos nociceptores diminui o limiar de ativacdo e aumenta a probabilidade de que
estes disparem com estimulos de menor intensidade (HOLDEN & PIZZI, 2003;
SCHOLZ & WOOLF, 2002).

Na dor crbnica, a alodinia pode ser causada também pela reorganizagao
anatomica das fibras AB (fibras de baixo limiar que detectam estimulos tateis
indcuos). As terminagdes espinhais das fibras aferentes primarias AR de baixo limiar
normalmente se localizam em l|aminas profundas do corno dorsal da medula,
enquanto que as terminagdes de nociceptores se localizam principalmente em
laminas superficiais. A lesao de fibras aferentes primarias de pequeno diametro
ocasiona um brotamento de terminais das fibras AB para a lamina |Il. Desta forma,
neurénios de segunda ordem na lamina Il da medula espinhal, que fazem sinapse
exclusivamente com fibras de alto limiar, passam a ser ativados por estimulos
inocuos (WOOLF & COSTIGAN, 1999; HILL, 2001). Em adigdo, a estimulagao
excessiva de fibras aferentes e o consequente aumento na producao e liberagao de
mediadores excitatoérios na medula espinhal levam a uma redugcdo do mecanismo

inibitério devido a perda de interneurdnios inibitorios opioidérgicos e gabaérgicos,
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amplificando, ainda mais, o processo doloroso (MILLAN, 1999). Estas alteragdes
periféricas e centrais geram um estado de hiperexcitabilidade da rota nociceptiva
que contribui para o fenbmeno comportamental da alodinia e hiperalgesia (WOOLF
& COSTIGAM, 1999; WOOLF & SALTER, 2000; HUCHO & LEVINE, 2007).

Além disso, a dor pode estar associada a um processo inflamatério
dependente da resposta do tecido a uma lesao celular. Neste processo ocorre uma
cascata de eventos bioquimicos e celulares, que incluem o extravasamento
plasmatico, a ativagdo enzimatica, a migracao celular, a liberagdo de mediadores e 0
processo de reparo. Tanto células residentes no sitio da lesdo (como fibroblastos,
queratinécitos e mastécitos), quanto leucdcitos recrutados para a regido (como
neutréfilos, macréfagos e linfocitos), podem causar liberagdo de mediadores que
provocam sensibilizacdo das fibras sensoriais. Essa sensibilizagao esta claramente
envolvida com as dores crénicas associadas aos processos inflamatérios (como na
artrite, por exemplo) (WATKINS et al., 1995; MARCHAND et al., 2005).

3.3 Tratamento farmacoldgico da dor

A dor é um problema de saude publica e compostos com agédo analgésica
possuem um papel central no seu tratamento. Uma vez que a dor associada a
diferentes condicbes patoldgicas representa o sintoma que mais causa sofrimento
aos pacientes, diferentes abordagens terapéuticas tém sido utilizadas com o objetivo
de atenua-la, sendo a farmacoterapia a mais utilizada (BRENNAN et al., 2007,
TRACEY & MANTYH, 2007).

Os opiodides sao os farmacos de mais antigo relato na literatura. Ja no século
VIl a.C., encontram-se relatos sobre o suco (6pio) da papoula (Papaver
somniferum). Contudo, somente em torno de 1806, o farmacéutico alem&o Sertlrner
isolou o primeiro alcaléide ativo do 6pio e chamou-o de morfina. Posteriormente,
estudos relacionados aos diferentes efeitos adversos da morfina, bem como, o
surgimento da nalorfina como antagonista opidide, levantaram a hipotese da
existéncia de receptores de opidides (DUARTE, 2005).

Em 1973, Pert e Snyder confirmam a existéncia de receptores de opidides em

membranas de cérebro de animais através de ensaios de ligacdo especifica. Os
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conhecimentos adquiridos sobre os receptores opidides representaram um grande
progresso e induziram a descoberta dos ligantes endoégenos.

Em 1975, Hughes isolou do cérebro de animais, uma substéncia enddgena
com propriedades similares as da morfina, a encefalina. Dentre os peptideos
enddégenos, os mais conhecidos sdo as encefalinas (met-encefalina e a leu-
encefalina), as endorfinas como a B-endorfina e as dinorfinas (dinorfina A e dinorfina
B) (GUTSTEIN & AKIL, 2006).

E bem descrito na literatura que os opidides interagem com trés principais
tipos de receptores, chamados receptores opioides classicos p (mu), & (delta), e x
(kappa), que estdo ligados, em nivel molecular, a proteina Gi/o. Quando estes
receptores sdo ativados por diversos agonistas, ha inibicdo da adenil ciclase e
reducao do conteudo intracelular de monofosfato de adenosina ciclico (AMPc). Além
disso, a ativacao de receptores opidides reduz o influxo de calcio e aumenta o efluxo
de potassio, o que reduz a excitabilidade de neurbnios envolvidos na transmissao da
informacgé&o nociceptiva (DICKENSON & KIEFFER, 2006).

Até a atualidade, em relagdo as pesquisas realizadas com farmacos
analgésicos de outros grupos farmacoldgicos, os opidides continuam sendo os mais
potentes. Embora os opidides sejam importantes ferramentas para o alivio da dor,
pois a morfina continua até os dias de hoje sendo o farmaco mais utilizado para o
tratamento da dor intensa, possuem efeitos adversos que tornam seu uso clinico
limitado (MERCADANTE, 1999). Dentre os efeitos adversos apresentados pelos
analgésicos opioides, encontram-se a sedagéo, a depressao respiratéria, a nausea,
a constipagao e, com o uso continuo, o desenvolvimento da tolerancia analgésica
(COLLETT, 1998; JAGE, 2005).

Outra classe de analgésicos amplamente utilizados na clinica sdo os AINEs
(BRUNE; HINZ, 2004; BRUNE, 2007). Os AINEs formam um grupo de diferentes
farmacos, que frequentemente ndo possuem semelhanca quimica entre si, mas
compartilham acgdes terapéuticas tais como acdo analgésica, antiinflamatéria e
antipirética. O acido acetilsalicilico (AAS) é o farmaco prototipo dos AINEs. A
primeira sintese do AAS foi realizada por Gerhardt, em 1853, que obteve o AAS a
partir do acido salicilico, mas como ndo obteve inicialmente os resultados desejados,
abandonou o projeto. Somente em 1899, Hoffmann retomou os trabalhos prévios de

Gerhardt e desenvolveu estudos em animais, em um contexto industrial e,
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posteriormente, em seres humanos, levando a comercializagao do AAS sob o0 nome
registrado de aspirina ® (BRUNE & HINZ, 2004; GUTSTEIN & AKIL, 2006).

No entanto, o0 mecanismo de ac¢ao dos AINEs permaneceu incerto por muitos
anos. Apesar do grande uso do AAS, s6 em 1971, quando Vane obteve a primeira
evidéncia de que as propriedades analgésicas do AAS resultavam da inibicao da
sintese de importantes mediadores inflamatérios, as prostaglandinas (PGs), o
mecanismo de acdo dos AINEs tornou-se mais esclarecido.

Os AINEs inibem a enzima ciclooxigenase (COX) que catalisa a sintese de
PGs a partir do acido araquidénico. O acido arquidénico € formado a partir de
fosfolipideos de membrana, pela agdo da fosfolipase A2, e pode ser transformado
em PGs, principalmente por duas isoformas de ciclooxigenases, a ciclooxigenase do
tipo 1 (COX-1) e a ciclooxigenase do tipo 2 (COX-2). A COX-1 é expressa
constitutivamente, enquanto que a COX-2 é a isoforma induzida da enzima em
condi¢cbes patogénicas, porém, € expressa constitutivamente em alguns tecidos
(CORUZZI et al., 2007). Mais recentemente, foi relatado que outra variante da COX-
1, a COX-3, esta envolvida na transmissao da dor e da analgesia. Assim como a
COX-1 e a COX-2, a COX-3 sintetiza prostaglandinas e desempenha um papel
importante na dor e febre, mas parece nao ter participacdo na génese da dor
inflamatéria. A COX-3 é sensivel aos AINEs que tém pouca ou nenhuma atividade
sobre a COX-1 e a COX-2, como, por exemplo, o paracetamol (acetaminofeno) e
dipirona (metamizol) (CHANDRASEKHARAN et al., 2002).

Entre os AINEs existem os inibidores nao-seletivos da COX (inibem
simultdneamente a COX-1 e COX-2, chamados de AINEs tradicionais), como
diclofenaco, indometacina e ibuprofeno, e os inibidores seletivos da COX-2, como
celecoxib e etoricoxib (SHI & KLOTZ, 2008).

O uso dos AINEs é limitado pela possibilidade de ocorréncia de varias
reacOes adversas. Muitas dessas reagdes estao relacionadas a inibicdo da sintese
de PGs que também possuem importantes funcgdes fisiologicas (BANKS, 1995;
BOELSTERLI, 2003; WHITTLE, 2003). A inibicdo da sintese de PGE; e da PGl;
pode resultar em lesdo das mucosas gastrica e intestinal. Estas PGs induzem
citoprotecdo gastrintestinal, pois reduzem a secregéo acida gastrica e aumentam a
secrecado de muco citoprotetor (CORUZZI et al., 2007).

Inicialmente foi sugerido que os inibidores seletivos da COX-2 ndo induzem as

mesmas reagdes adversas, observadas durante o tratamento com os inibidores nao
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seletivos da COX, uma vez que a isoforma 2 da enzima seria induzida pelo processo
inflamatorio e nao possuiria fungdes fisiolégicas importantes (SEIBERT et al., 1994).
Entretanto, foi demonstrada a expresséo constitutiva do gene da COX-2 em alguns
tecidos, como no cérebro e mucosa estomacal, onde a sintese de PGs medeia
importantes fungdes fisiologicas (ZIMMERMANN et al., 1998; BRUNE, 2007). Como
foi demonstrado em estudos clinicos, que o uso prolongado de inibidores seletivos
da COX-2 pode aumentar o risco de ocorréncia de doengas tromboembodlicas, os
medicamentos Vioxx® (rofecoxib) e Bextra® (valdecoxib) foram retirados do
mercado em 2004 e 2005, respectivamente, pelas industrias farmacéuticas que os
produziam (MUKHERJEE et al., 2001; FITZGERALD, 2003; SHI & KLOTZ, 2008).

Os AINEs dividem-se ainda, em outra subclasse, os chamados AINEs
atipicos, representados pelo paracetamol e pela dipirona. Os AINEs atipicos,
embora produzam acao analgésica e antipirética similiar aos demais AINEs,
possuem baixa atividade antiinflamatéria (TATSUO et al., 1994; CAMU &
VANLERSBERGHE, 2002; MCQUAY & MOORE, 2006). Além disso, os AINEs
atipicos ndo compartilham igualmente dos efeitos adversos dos AINEs tradicionais.
De fato, o potencial ulcerogénico da dipirona em ratos e humanos € menor que o
relacionado a outros AINEs tradicionais, tais com o AAS e o diclofenaco (ANDRADE
et al.,1998; SANCHEZ et al., 2002).

A dipirona € um AINE atipico, pertencente a classe dos pirazéis (WILLIAMS et
al., 1999; GURSOQY et al., 2000). Os pirazois sdo drogas de origem sintética, que
possuem em sua estrutura quimica o anel pirazélico, caracterizado por um
heterociclo com dois atomos de nitrogénio e trés atomos de carbono, o qual possui
papel vital na sua efetividade biolégica (WILLETTE, 1977; WILLIAMS et al., 1999)
(Figura 1).
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Figura 1 — Estrutura quimica do pirazol

Os pirazéis foram descobertos em 1882, pelo quimico alemao Ludwig Knorr,
que obteve a antipirina (fenazona), o primeiro derivado pirazol utilizado no
tratamento da dor e inflamacgédo. Entretanto, somente em 1921, com a obtencéo da
dipirona (Figura 2), os compostos pirazdis ganharam credibilidade (WILLETTE,
1977).
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Figura 2 - Estrutura quimica da dipirona

A dipirona foi introduzida na pratica clinica em 1922, e até os dias de hoje é
utilizada em varios paises, como Espanha, Russia, México e Brasil, devido a seu
baixo custo e boa atividade analgésica e antipirética (BRUNE & HINZ, 2004;
MCQUAY & MOORE, 2006). Contudo, o uso de dipirona foi proibido nos EUA devido
a relatos que associam seu uso com a incidéncia de agranulocitose. Entretanto,
estudos epidemioldgicos sugerem que a incidéncia de agranulocitose com o uso de
dipirona é rara (um caso por milhdo de tratamentos) e o risco de mortalidade
relacionado ao uso da dipirona € comparavel ao do analgésico paracetamol, e bem
menor, quando comparado com os analgésicos AAS e diclofenaco (ANDRADE et al.,
1998; IBANEZ et al., 2005).
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Embora seja amplamente confirmada a eficacia analgésica da dipirona, o seu
mecanismo de agao ainda nao esta bem estabelecido. Estudos demonstram que
esta pirazolona se difere dos demais AINEs, podendo exercer seu efeito
antinociceptivo por diferentes mecanismos centrais e periféricos. Enquanto alguns
autores sugerem que a agao antinociceptiva da dipirona pode estar relacionada a
inibicdo de ciclooxigenases (SHIMADA et al.,, 1994; CAMPOS et al., 1999;
CHANDRASEKHARAN et al., 2002; PIERRE et al.,, 2007), outros diferentes
mecanismos, relacionados a modulagdo da via do Oxido nitrico/guanosina
monofosfato ciclica (GMPc) (DUARTE et al., 1992), canais de potassio (ALVES &
DUARTE, 2002), sistema opidide ou receptores glutamatérgicos também séao
sugeridos (AKMAN et al., 1996; BEIRITHI et al., 1998; VASQUEZ et al., 2005).

Em adigdo, estudos eletrofisiolégicos demonstram que a administragcao de
metamizol na PAG ativa o sistema descendente inibitério e diminui a excitabilidade
de fibras C, produzindo antinocicepgao no teste da retirada de cauda (CARLSSON
et al., 1986; HERNANDEZ & VANEGAS, 2001). Além disso, Tortorici, Vasquez e
Vanegas (1996) verificaram o envolvimento de células on-off (liga-desliga) na
antinocicepgao da dipirona, baseados na concordancia temporal entre ativagao e
inibicdo destas células com a ocorréncia de analgesia. Os autores verificaram que a
microinjegao de dipirona na PAG causa inibicdo de células on e ativacéo de células
off com concomitante aumento do tempo de laténcia para a retirada de cauda, sendo
este efeito inibido pela microinjegao de naloxona.

Outro exemplo de AINE, amplamente utilizado, € o pirazol trifluor substituido

celecoxib (Figura 3).
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Figura 3 - Estrutura quimica do celecoxib

O celecoxib foi aprovado pelo US Food and Drug Administration (FDA), em 31 de
dezembro de 1998, e também possui efeito antiinflamatorio, analgésico e antipirético. O
celecoxib foi o primeiro inibidor seletivo da COX-2 aprovado para tratar a artrite
reumatdide, sendo melhor tolerado pelo trato gastrintestinal que outros AINEs
(BLOBAUM & MARNETT, 2007).

Mais recentemente, uma terceira classe de farmacos tem sido utilizada,
alternativamente, como analgésicos, os chamados adjuvantes analgésicos. Nesta classe
encontram-se os antidepressivos e os anticonvulsivantes, os quais séo utilizados quando
os pacientes ndo respondem satisfatoriamente ao tratamento com analgésicos
convencionais (KESKINBORA et al., 2007).

3.4 A busca por novos pirazéis para o tratamento farmacolégico da dor e

nocicepcao

A busca por novas moléculas analgésicas estruturalmente simples, que aliem alta
eficacia e menos efeitos colaterais, € o principal objetivo da pesquisa no campo da dor e
analgesia (COCCO et al., 2003).

Novos compostos contendo o nucleo pirazdlico tém sido sintetizados e avaliados

biologicamente. Na literatura verifica-se uma grande variedade de
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diferentes efeitos biolégicos apresentados por pirazéis inéditos, tais como, atividade
antipirética, antimicrobiana, antidepressiva, anticonvulsivante, antinociceptiva e
antiinflamatoria (DE SOUZA et al., 2002; BEKHIT & ABDEL, 2004; BONACORSO et al.,
2007; OZDEMIR et al., 2007; AMIR et al., 2008; RAMANA-REDDY et al., 2008).

Estudos realizados em modelos animais demonstram que compostos contendo o
nucleo pirazolico apresentam atividade antinociceptiva em modelos de nocicepgao
induzida por estimulo quimico (MATHEUS et al., 1991; GURSOY et al., 2000; DE
SOUZA et al., 2001; GODOY et al., 2004), térmico (OCHI et al., 1999a; TABARELLI et
al., 2004) e mecanico (OCHI & GOTO, 2000a, b).

Dentre a ampla variedade de novos pirazodis encontrados na literatura, um dos
mais estudados e avaliados pré-clinicamente em relagdo a sua atividade antinociceptiva
e antiinflamatodria é o FR140423 (3-(difluormetil)-1-(4-metoxifenil)-5-[4-metilsulfinil) fenil]
pirazol (Figura 4).
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Figura 4 - Estrutura quimica do FR140423 (3-(difluormetil)-1-(4-metoxifenil)-5-[4-metilsulfinil) fenil] pirazol

O FR140423 ¢é cerca de 150 vezes mais potente em inibir a COX-2 do que a COX-
1. Além disso, a administragdo oral de FR140423 diminui o edema induzido por
carragenina e adjuvante de artrite, sendo duas vezes mais potente do que a
indometacina, porém, diferente desta, ndo induz lesdo gastrica apds tratamento agudo
em ratos. No mesmo estudo, similarmente a morfina, FR140423 teve atividade
antinociceptiva em modelo de dor induzida por estimulo térmico, o qual foi revertido pelo
pré-tratamento dos animais com naloxona (antagonista n&o seletivo de receptor opioide)
(OCHIl et al., 1999 a).

O FR140423 induz antinocicep¢dao em modelo de dor induzida por estimulo

mecanico, sendo este efeito revertido por naltrindol (antagonista de receptor §), mas nao
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por naloxonazina (antagonista de receptor u) e norbinaltorfimina (antagonista de receptor
k). Entretanto, em ensaio de ligagdo especifica, realizado com membranas de medula
espinhal de camundongos, FR140423 nao se liga a nenhum receptor opidide (OCHI et
al., 1999b).

Posteriormente, Ochi et al. (2000) verificaram que a ag¢ao antinociceptiva do
FR140423 é revertida pela administragao intratecal de um antagonista do receptor para
a quiotorfina (um dipeptideo enddgeno liberador de Met-encefalina), sugerindo que a
antinocicepcao mediada por FR140423 é realizada de maneira indireta, pela liberagcao
de Met-encefalinas. Em adigao, o efeito antinociceptivo do FR 140423 parece envolver a
participacdo de receptores espinhais noradrenérgicos a, e receptores serotoninérgicos
5HT; e 5HT24 (OCHI & GOTO, 2000a,b).

O FR140423 administrado por via oral, possui atividade antiinflamatéria em
modelo de inflamagao crbnica em ratos com artrite. De fato, FR140423 diminuiu os
niveis de PGE;, na pata inflamada e na pata contralateral de animais injetados com
Adjuvante Completo de Freund (ACF), apds tratamento crénico (OCHI & GOTO, 2000).
Além disso, FR140423 possui efeito antinociceptivo na hiperalgesia mecanica induzida
em modelo de dor pds-operatéria em ratos, o qual é revertido por naltrindol, mas nao por
naloxonazina e norbinaltorfimina (OCHI et al., 2003).

Tendo em vista a necessidade de obtengdo de novos compostos analgésicos, e
considerando os varios estudos que confirmam a efetividade biolégica dos pirazéis,
envidencia-se que a busca por novas moléculas contendo o nucleo pirazdlico €
promissora.

Neste sentido, o laboratorio de Neurotoxicidade e Psicofarmacologia
(LABNEURO), em parceria com o Nucleo de Quimica de Heterociclos (NUQUIMHE) da
Universidade Federal de Santa Maria (UFSM), vem buscando obter novos compostos
com atividade biolégica. Varias moléculas ja foram investigadas pelo grupo, dentre elas,
alguns compostos destacaram-se pelo seu potencial antinociceptivo e antiinflamatério
em modelos animais.

De Souza et al. (2001) verificaram que a administracao subcutanea do 3-metil-5-
hidroxi-5-triclorometil-4,5-diidro-1H-1-pirazolcarboxiamida (MPCA) (Figura 5) induziu
antinocicepgdo na fase neurogénica e inflamatoria do teste da formalina em
camundongos. Porém, MPCA nao apresentou efeito antinociceptivo no teste da imerséo
da cauda em agua, nem atividade antiedematogénica no teste de edema de pata

induzido por carragenina.
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No teste das contor¢gdes abdominais MPCA e seu analogo 3-fenil-5-hidroxi-5-
triclorometil-4,5-diidro-1H-pirazolcarboxiamida (FPCA) apresentaram efeito
antinociceptivo, o qual foi revertido pela administragdo intratecal de metisergida e
ioimbina, sugerindo que receptores serotoninérgicos e adrenérgicos a, espinhais estao

envolvidos na sua antinocicepgao (GODOY et al., 2004) (Figura 5).
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Figura 5 - Estrutura quimica do 3-metil-5-hidroxi-5-triclorometil-4,5-diidro-1H-1-pirazolcarboxiamida
(MPCA) e 3-fenil-5-hidroxi-5-triclorometil-4,5-diidro-1H-pirazolcarboxiamida (FPCA)

Em concordancia com MPCA, o pirazol inédito 2-[5-triclorometil-5-hidroxi-3-fenil-
4,5-diidro-1H-pirazol-1-il]-4-(4-bromofenil)-5-metil tiazol (B50) (Figura 6), ndo apresentou
efeito antinociceptivo no teste da imersdao da cauda em agua, porém apresentou agao
antinociceptiva no teste das contor¢ées abdominais induzidas por acido acético, o qual
foi revertido por naloxona (PROKOPP et al., 2006).
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Figura 6 - Estrutura quimica do 2-[5-triclorometil-5-hidroxi-3-fenil-4,5-diidro-1H-pirazol-1-il]-4-(4-
bromofenil)-5-metil tiazol (B50)

Ao contrario de MPCA e FPCA, o pirazol inédito 3-etoximetil-5-etoxicarbonil-1-
metil-1H-pirazol (PZ2) e seu analogo 3-etoximetil-5-etoxicarbonil-1-fenil-1H-pirazol (PZ3)
(Figura 7) causaram antinocicepgdo no teste da imersdo da cauda, sendo o efeito de
PZ3 revertido por naloxona (TABARELLI et al., 2004).
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Figura 7 - Estrutura quimica do 3-etoximetil-5-etoxicarbonil-1-metil-1H-pirazol (PZ2) e 3-etoximetil-5-
etoxicarbonil-1-fenil-1H-pirazol (PZ3)
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Recentemente a acao antinociceptiva e antiinflamatéria de uma série de novos 5-
hidroxi-5-trifluormetil-4,5-diidro-1H-1-carboxiamidapirazois substituidos  tém sido
avaliadas (SAUZEM et al, 2007). Neste estudo, os autores verificaram que os
compostos inéditos avaliados foram efetivos em inibir a nocicepcédo neurogénica e
inflamatdria no teste da formalina em camundongos. Além disso, os compostos que
apresentaram maior agao antinociceptiva no teste da formalina (Figura 8), também
apresentaram agao antiedematogénica no teste de edema de pata induzido por
carragenina. Porém, nenhum dos compostos avaliados apresentou agéo antinociceptiva

no teste da placa-quente.
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Figura 8 - Estrutura quimica geral de novos 5-hidroxi-5-trifluormetil-4,5- diidro-1H-1- carboxiamidapirazdis
substituidos (R1/R2 = Et/H e H/Me)
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4 ARTIGO E MANUSCRITO CIENTIFICOS

Os resultados inseridos nesta tese apresentam-se sob a forma de artigo
e manuscrito cientificos, os quais se encontram aqui estruturados. Os itens
Materiais e Métodos, Resultados, Discussédo dos Resultados e Referéncias
Bibliograficas, encontram-se no artigo e no manuscrito. O artigo esta disposto
na mesma forma que foi publicado na edicdo da revista cientifica. No caso do
manuscrito, esta disposto da mesma maneira que foi submetido a revista Life

Sciences, na primeira versdo original.
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pyrazoline methyl esters in formalin and hot-plate tests in mice
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Abstract

The aim of the present study was to evaluate the antinociceptive potential of four novel pyrazoline methyl ester compounds on chemical and
thermal models of pain in mice. The following 5-trihalomethylated-4,5-dihydro-1H-pyrazole methyl ester compounds were tested: 3-methyl-5-
trifluoromethyl-(MPF3), 4-methyl-5-trifluoromethyl-(MPF4), 3-methyl-5-trichloromethyl-(MPCI13) and 4-methyl-5-trichloromethyl-(MPCl4).
MPF3, MPF4, MPCI13 and MPCl4 (0.03-1.0 mmol/kg) given intraperitoneally decreased neurogenic and inflammatory phases of nociception in
the formalin test. Moreover, MPF3, MPF4, MPCI13, MPCl4 (0.1-1.0 mmol/kg) and dipyrone (1.5 mmol/kg) also produced a dose-dependent
antinociceptive effect in the hot-plate test. However, MPF3, MPF4, MPCI3 and MPCIl4 did not impair motor coordination in the rotarod test or
spontaneous locomotion in the open field test. The antinociceptive effect of MPF4 (1.0 mmol/kg, i.p.) was reversed by the opioid receptor antagonist
naloxone (2 mg/kg, i.p.), but not by the alpha,-adrenergic receptor antagonist yohimbine (0.15 mg/kg, i.p.) or by p-chlorophenylalanine ethyl ester
(PCPA, 300 mg/kg, i.p.) treatment. In contrast to morphine (5 mg/kg, i.p.), MPF4 given daily for up to 8 days did not generate a tolerance to its
antinociceptive effect. However, similar to morphine (11 mg/kg, i.p.), MPF4 reduced gastrointestinal transit in mice. Taken together these results

demonstrate that these novel pyrazoline methyl esters tested may be promising prototypes of additional mild analgesics.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Antinociception; Pyrazoline methyl ester derivatives; Hot-plate; Formalin test

1. Introduction

Pain is one of the most prevalent conditions that limits
productivity and diminishes quality of life. Although there is an
arsenal of effective and widely used analgesics, there is some
concern regarding their safety and side-effects, making their
clinical use problematic (Jage, 2005; Whittle, 2003).

Compounds incorporating the pyrazole ring, a heterocycle
containing two contiguous nitrogen and three carbon atoms in
moiety, have attracted a great deal of research interest, because of
their therapeutic utility as molecular scaffolds for drugs (Giirsoy
et al., 2000). Some compounds bearing the pharmacophoric
pyrazole group have been reported to possess several biological

* Corresponding author. Tel.: +55 55 3220 8053; fax: +55 55 3220 8756.
E-mail address: ferreiraj99@gmail.com (J. Ferreira).

0014-2999/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.ejphar.2007.11.042

activities, including antimicrobial (Bekhit and Abdel-Azien,
2004), antineoplastic (Cheng et al., 1986) anti-inflammatory
(Ochi et al., 1999a) and antinociceptive activities (Matheus et al.,
1991; Ochi et al., 1999a,b).

Dipyrone (metamizol) is a drug that belongs to the pyrazole-
derived family. Reports in the literature have shown that
dipyrone, although generally considered as belonging to the
nonsteroidal anti-inflammatory drug family, seems to not pre-
sent the typical side effects of this drug class (Camu and
Vanlersberghe, 2002). It is widely used in clinical therapy in
some European, African and Latin American countries due to its
low cost and effectiveness as an analgesic and antipyretic
(Edwards et al., 2001; McQuay and Moore, 2005).

Indeed, our group has been investigating the possible phar-
macological potential of new molecules that contain a pyrazole
scaffold (De Souza et al., 2001; Godoy et al., 2004; Souza et al.,
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2002; Tabarelli et al., 2004). The lead-like compound 3-methyl-5-
hydroxy-5-trichloromethyl-4, 5-dihydro-1H-1-carboxyamide-
pyrazole (MPCA) causes antinociceptive and antipyretic activity
without altering locomotor performance in mice (De Souza et al.,
2001; Souza et al., 2002). Godoy et al. (2004) have reported that
spinal noradrenergic and serotoninergic systems are involved in
the antinociception induced by MPCA. Based on our previous
findings, we believe that the biological evaluation of new
bioactive molecules that contain a pyrazole nucleus is important
for the creation of promising new analgesics. Therefore, the aim
of the present study was to investigate the antinociceptive effect of
four novel pyrazoline methyl esters, assessed by chemical
(formalin test) and thermal (hot-plate) models of nociception in
mice.

2. Materials and methods
2.1. Drugs

The novel trihalomethylated pyrazoline methyl esters, 3-
methyl-5-trifluoromethyl-5-hydroxy-4,5-dihydro-1H-pyrazole
methyl ester (MPF3), 4-methyl-5-trifluoromethyl-5-hydroxy-
4,5-dihydro-1H-pyrazole methyl ester (MPF4), 3-methyl-5-
trichloromethyl-5-hydroxy-4,5-dihydro-1 H-pyrazole methyl
ester (MPCI3) and 4-methyl-5-trichloromethyl-5-hydroxy-4,5-
dihydro-1H-pyrazole methyl ester (MPCl4) (Fig. 1) were
synthesized according to Martins et al. (2006). Analysis of 'H
nuclear magnetic resonance and '*C nuclear magnetic resonance
spectra showed analytical and spectroscopic data in full
agreement with the assigned structure. Compounds MPF3,
MPF4, MPCI3 and MPCI4 were suspended in rice oil and
dipyrone (Hoechst, Sdo Paulo, Brazil) was diluted in saline
(0.9% NaCl). The maximum dose of the pyrazoline methyl ester
derivative achievable in a homogeneous suspension was
1.0 mmol/kg. Clonidine hydrochloride and morphine sulphate
(Cristalia, Sdo Paulo, Brazil) were dissolved in saline (0.9%
NaCl), while yohimbine hydrochloride and naloxone hydro-
chloride were dissolved in 0.1% ethanol plus saline and p-
chlorophenylalanine ethyl ester hydrochloride (purchased from
Sigma Chemical Co., St. Louis, USA) was dissolved in
phosphate buffered saline (PBS, pH 7.4). Active dry charcoal
and arabic gum were suspended in saline solution. All other
reagents were of analytical grade and were purchased from local
suppliers.

2.2. Animals

Three-month-old male albino Swiss mice (30—40 g) bred in
our animal house were used. Animals were housed at controlled
temperature (22+2 °C) with a 12 h-light/dark cycle and with
standard lab chow and tap water ad libitum. The animals were
habituated to the experimental room for at least 2 h before the
experiments. Each animal was used only once. The experiments
reported in this study were carried out in accordance with
current ethical guidelines for the investigation of experimental
pain in conscious animals (Zimmermann, 1983). The numbers
of animals and intensities of noxious stimuli used were the

minimum necessary to demonstrate the consistent effects of the
drug treatments.

2.3. Formalin test

The formalin test was carried out as previously described (De
Souza et al., 2001). Twenty microliters of a 1.5% formalin
solution (v/v) in distilled water were subcutaneously injected
into the dorsal surface of the right hindpaw of the mice.
Immediately after the formalin injection, the animals were
individually placed in an observation chamber made of glass
with a transparent floor. Beneath the floor a mirror was mounted
at a 45 °C angle to allow clear observation of the paws of the
animals. The time (in seconds) that the animal spent licking the
injected paw was recorded for 30 min in 5-min intervals. Two
distinct phases of intensive licking activity have been identified.
The early phase (first 5 min) seems to be caused predominantly
by C-fibre activation due to the peripheral stimulus caused by
formalin (Tjolsen et al., 1992). A second burst of licking
behaviour occurs after 15 to 30 min and seems to be related to the
inflammatory response elicited by formalin. This phase is
termed inflammatory (Hunskaar and Hole, 1987). Vehicle or
pyrazoline methyl esters MPF3, MPF4, MPCI3, MPCl4 (at
doses 0f 0.03; 0.1; 0.3 and 1.0 mmol/kg) were intraperitoneally
injected 15 min before the formalin injection into the paw. The
doses 0f 0.03, 0.1, 0.3 and 1.0 mmoll/kg of MPF3 or MPF4 are
equivalent to 6.8, 22.6, 68 and 226 mg/kg, respectively. The
doses 0£0.03, 0.1, 0.3 and 1.0 mmol/kg of MPCI3 or MPCl4 are
equivalent to 8.2, 27.2, 82 and 274 mg/kg, respectively.

2.4. Hot-plate test

The hot-plate test was carried out according to the method
previously described (Ferreira et al., 2002). In these

CHa HsC

Hoﬂ HO,Q\—\J
F3C N/ -

F.c” N

Meo/J\o I\/IeO/KO
MPF3 MPF,4 CHa
NaSOsH,C—N CHs
CHs HsC :&
it )
HO HO \ © CHs
/N N
ClzC /L Cle”™ N7
MeQ O Meo/go Dipyrone
MPCly MPGCly

Fig. 1. Structures of the novel trihalomethylated pyrazoline methyl esters, 3-
methyl-5-trifluoromethyl-5-hydroxy-4,5-dihydro-1 H-pyrazoline methyl ester
(MPF3), 4-methyl-5-trifluoromethyl-5-hydroxy-4,5-dihydro-1H-pyrazoline
methyl ester (MPF4), 3-methyl-5-trichloromethyl-5-hydroxy-4,5-dihydro-1H-
pyrazoline methyl ester (MPCI3) and 4-methyl-5-trichloromethyl-5-hydroxy-
4,5-dihydro-1H-pyrazoline methyl ester (MPCl4) and dipyrone.
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experiments, the hot-plate (Socrel, model-DS 37) apparatus was
maintained at 50+0.1 °C. Animals were placed into an acrylic
cylinder (20 cm in diameter) on the heated surface, and the time
(in seconds) between placement and licking of their hindpaws or
jumping (whichever occurred first), was recorded as the
response latency. A 90-s cut-off was used to prevent tissue
damage. Twenty-four hours before the experiment, all mice were
habituated to the experimental procedure (intraperitoneal
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injection of vehicle and measurement of latency) in order to
minimize novelty-induced antinociception (Siegfried et al.,
1987). Animals presenting training latencies higher than 30 s
were excluded. On the day of the experiment, the animals were
intraperitoneally (i.p.) injected with vehicle (rice oil or saline,
10 ml/kg), dipyrone (1.5 mmol/kg, which was included in all
experiments as an internal standard) or pyrazoline methyl ester
MPF3, MPF4, MPCI3 or MPCI4 (0.1-1.0 mmol/kg) and

B Inflammatory phase
175
150
_ 1254
w
o 1004
£ T
3 75
- 50
*
254 l_-l-T
TV 003 01 03 10
MPF3 (mmol/kg)
D
175+
150
_ 1254
o,
51100'
£
X 754
3 * *
50
254 *
0
L L) L L L]
v 0.03 0.1 0.3 1.0
MPF4 (mmol/kg)
F
175+
T
150
_ 1254
0
o 100+ *
£
g 75 .
- 50
25 *
*
c L L] Ll L] L]
v 0.03 0.1 0.3 1.0
MPCI3 (mmol/kg)
H
175+
150
. 1254
@
o 1004
=
% 75 . "
- 50
254 * *
0 L L) L) L) L)
v 0.03 0.1 0.3 1.0

MPCI4 (mmol/kg)

Fig. 2. Effect of MPF3 (A and B), MPF4 (C and D), MPCI3 (E and F) and MPCl4 (G and H) (0.03-1.0 mmol/kg, i.p.) on the time spent licking during the neurogenic
(A, C, E and G) and inflammatory (B, D, F and H) phases of the formalin test in mice. Data are reported as mean=+SEM for n=7-15 per group. *P<0.05, compared to

vehicle group (V) (SNK test).
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subjected to the hot-plate test 15, 30 and 60 min thereafter. The
dose of dipyrone was selected in pilot experiments.

2.5. Assessment of some mechanisms involved in antinociceptive
activity

In order to investigate the participation of the opioid system
in the antinociceptive effect of pyrazoline methyl ester MPF4,
mice were pre-treated with naloxone (2 mg/kg, i.p., an opioid
receptor antagonist) or its vehicle (10 ml/kg, i.p., 0.1% ethanol
plus saline). After 15 min, the animals received an injection of
morphine (5 mg/kg, i.p., an opioid receptor agonist), MPF4
(1.0 mmol/kg, i.p.) or their vehicles (10 ml/kg, i.p., saline or rice
oil) and were subjected to the hot-plate test, as described above,
after 30 min.. Another group of animals received a combination
of MPF4 (1.0 mmol/kg, i.p.) and morphine (5 mg/kg, i.p.).

To examine the possible participation of the alpha,-
adrenergic mechanism in the antinociception effect of pyrazo-
line methyl esters, the animals were pre-treated with yohimbine
(0.15 mg/kg, i.p., an alpha,-adrenoreceptor antagonist) or its
vehicle (10 ml/kg, i.p., 0.1% ethanol plus saline). After 15 min,
the animals received clonidine (0.1 mg/kg, i.p., an alpha,-
adrenoreceptor agonist), pyrazoline methyl ester MPF4
(1.0 mmol/kg, i.p.) or their vehicles (10 ml/kg, i.p., saline or
rice oil) and 30 min later were subjected to the hot plate test, as
described above. To investigate the possible role of endogenous
serotonin in the antinociceptive effect of MPF4, the animals
were pre-treated with p-chlorophenylalanine ethyl ester (PCPA,
300 mg/kg, i.p, an inhibitor of serotonin synthesis) or with
vehicle (10 ml/kg, i.p, PBS buffer), once a day, for 3 consecutive
days. On the 4th day, the animals received an injection of
dipyrone (1.5 mmol/kg, i.p.), MPF4 (1.0 mmol/kg, i.p.) or their
vehicles (10 ml/kg, i.p., saline or rice oil), and 30 min later were
subjected to the hot-plate test.

The choice of the dose of agonists, antagonists or inhibitors
and their treatment times were based on previous data described in
the literature (Dailly et al., 2006; Miranda et al., 2003; Otuki et al.,
2005; Tabarelli et al., 2004;) or on preliminary experiments
carried out in our laboratory (data not shown).

2.6. Induction of tolerance and cross tolerance

The possible development of tolerance to the antinociceptive
effect of MPF4 was evaluated by treating animals that received
morphine (5 mg/kg, i.p.), MPF4 (1.0 mmol/kg, i.p.) or their
vehicles (10 ml/kg, i.p., saline or rice oil) with a repetitive
administration over an 8-day period before the hot-plate test. The
animals received one injection per day at 11:00 AM for 8
consecutive days. The hot-plate test was performed 30 min after
the first and eighth injection. Control groups receiving saline or
rice oil were also tested.

To evaluate the possible development of cross-tolerance
between morphine and MPF4, morphine (5 mg/kg, i.p.) or MPF4
(1.0 mmol/kg, i.p.) were administered to animals pre-treated with
morphine, MPF4 or vehicles (10 ml/kg, i.p., saline or rice oil) and
the antinociceptive effects were evaluated 30 min later in the hot-
plate test, as described previously (Ferreira et al., 2000).

2.7. Gastrointestinal transit

To test the possible effect of MPF4 on the gastrointestinal
transit, the mice fasted for 18 h, after which the gastrointestinal
transit was analysed, as described previously (Santos et al.,
1999). The animals were treated with MPF4 (1.0 mmol/kg, i.p.),
dipyrone (1.5 mmol/kg, i.p.), morphine (11 mg/kg, i.p.) or
vehicles (10 ml/kg, i.p., rice oil or saline). Thirty minutes later, a
standard charcoal meal (0.3 ml) was given to the mice by gavage.
Twenty minutes after administration of the charcoal meal, the
animals were euthanized and their stomachs and small intestines
were removed to measure the length of the intestine (from the
pyloric sphincter to the ileo-caecal junctions) and the distance
travelled by the charcoal meal. Propulsive activity of the gut was
determined by calculating the percentage of gastrointestinal
transit, i.e., the distance travelled by the charcoal meal divided
by the total length of the small intestine, multiplied by 100. In
addition, naloxone (2.5 mg/kg, i.p) was administered 15 min
before morphine or MPF4 to study its influence on gastro-
intestinal transit.

2.8. Rotarod test

The effect of the compounds on locomotor performance was
tested on the rotarod apparatus as described previously (Godoy
et al., 2004). Twenty-four hours before the experiments, all
animals were trained in the rotarod (3.7 cm in diameter, 8 rpm)
until they could remain in the apparatus for 60 s without falling. On
the day of the experiment, five minutes after the second
measurement of latency on the hot plate (35 min after i.p. injection
of vehicle, dipyrone or pyrazoline methyl esters) each mouse was
tested in the rotarod. The latency to fall and the number of falls
from the apparatus were recorded with a stopwatch forup to 240 s.

2.9. Open-field test

The effect of the compounds on spontaneous locomotor
activity and exploratory behaviour was assessed by the open-
field test, as previously reported by Tabarelli et al. (2004). The
apparatus was a round arena (34 cm in diameter) with the floor
divided into 21 equal areas. Immediately after the rotarod
evaluation (40 min after i.p injection of vehicle or dipyrone or
the pyrazoline methyl esters), each animal was transferred to the
apparatus and observed for 5 min. The number of areas crossed

Table 1
IDs( and inhibition values of pyrazoline methyl esters on formalin test in mice

Treatment Neurogenic phase Inflammatory phase
IDsg Inhibition IDso Inhibition
(mmol/kg)* (%)° (mmol/kg)® (%)°
MPF3 ~1 51.0+£10.0  0.33 (0.16-0.70)  79.8+6.9
MPF4 0.29 (0.10-0.89)  69.7+6.4 0.15(0.09-0.24) 87.3+3.2
MPCI3 0.36 (0.21-0.61)  90.9+4.5 0.04 (0.03-0.05)  99.7+0.2
MPCl4 0.34 (0.24-0.48)  75.8+4.3 0.08 (0.06—0.13)  87.7+4.1

* Data are expressed as mean followed by the 95% confidence intervals.
® Inhibition of the nociceptive effect obtained with 1.0 mmol/kg. Data are
expressed as mean+SEM.
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with all paws, number of rearing responses and total time spent
immobilized (immobility) were recorded.

2.10. Statistical analyses

The results were expressed as mean=SEM. D5, values (i.e.
the dose of compounds that reduces nociceptive responses to the
order of 50% relative to the control value) were reported as
geometric means accompanied by their respective 95% con-
fidence limits. Data were analysed by one or two way analysis of
variance (ANOVA) when appropriate. Dose-response curves in
the hot-plate test were analysed by two-way ANOVA with time
treated as a within-subject factor. Post hoc tests (Student-
Newman-Keuls test-SNK) were carried out when appropriate.
The level of significance was set at P<0.05 and F values are
presented in the text only when P<0.05. To verify whether the
antinociceptive effect of the tested compounds was dose-
dependent, we partitioned the sum of squares into trend com-
ponents (linear, quadratic or cubic). We considered effects as
dose-dependent only when analysis revealed a significant linear
trend (P<0.05). For reversion data in antinociceptive and gas-
trointestinal transit mechanisms, F values presented in the text
are demonstrated by pre-treatment versus treatment interaction.

The percent of antinociception (i.e. % increased latency time to
licking their hind paws or jumping from hot-plate test) was
determined for each experimental group using the following
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formula: (%) antinociception= 100 x [(experiment-control)/con-
trol)]. The percent of maximal inhibition in the formalin test was
determined for each experimental group using the following
formula: (%) inhibition= 100 x [(control —experiment)/control].
The IDsy values were determined by non-linear regression
analysis using a sigmoidal dose—response equation of individual
experiments using GraphPad Software 4.0 (GraphPad, USA).

3. Results
3.1. Evaluation of the antinociceptive effect in the formalin test

The systemic administration of MPF3 (1.0 mmol/kg) produced
antinociception in both the neurogenic [F(4,37)=6.13, P<0.001]
and inflammatory [F(4,37)=6.99, P<0.001] phases of the
formalin test (Fig. 2A and B). The IDso and maximal inhibition
values obtained are shown in Table 1.

Intraperitoneal treatment with MPF4 (0.1, 0.3 and 1.0 mmol/kg)
was also effective in producing antinociception both in the neu-
rogenic [F(4,40)=11.54, P<0.001] and inflammatory [F(4,40)=
10.14, P<0.001] phases of the formalin test. This effect was dose-
dependent in both phases (neurogenic [F{(1,40)=30.29, P<0.001]
and inflammatory [F(1,40)=24.44, P<0.001]; Fig. 2 C and D).

Fig. 2 (E and F) shows that MPCI3 administered at doses of 0.3
and 1.0 mmol/kg inhibited nociception in the neurogenic phase
[F(4,45)=17.95, P<0.001], while in the inflammatory phase all
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Fig. 3. Effect of MPF3 (A), MPF4 (B), MPCI3 (C), MPCl4 (D) (0.1-1.0 mmol/kg, i.p.) and dipyrone (A—D, 1.5 mmol/kg, i.p.) on the response latency at 15, 30 and
60 min after administration of drugs in the hot-plate test in mice. Data are reported as mean=SEM for n=8-16 per group. *P<0.05, compared to Oil group (for

pyrazoline methyl esters) or to saline (for dipyrone) (SNK test).
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doses evaluated [F(4,45)=41.22, P<0.001] were effective when
compared with the vehicle-treated group. The antinociceptive
effect produced by MPCI3 was dose-dependent both in the
neurogenic [F(1,45)=55.04, P<0.001] and inflammatory phases
[F(1,45)=84.40, P<0.001].

Finally, treatment with MPCl4, the 4-methyl analogue of
MPCI3, reduced pain in the neurogenic phase at doses of 0.1, 0.3
and 1.0 mmolkg [F(4,46)=20.7, P<0.001], while all doses
evaluated were effective in the inflammatory phase [F(4,46)=
11.15, P<0.001] of the formalin test (Fig. 2 G and H). The
antinociceptive effect produced by MPCl4 was dose-dependent
both in the neurogenic [F(1,46)=63.68, P<0.001] and inflam-
matory phases [F(1,46)=14.55, P<0.001]. The IDs, and maximal
inhibition values obtained for all compounds are shown in Table 1.

3.2. Evaluation of antinociceptive effect in the hot-plate test

The systemic administration of MPF3 (1.0 mmol/kg) signi-
ficantly increased latency in the hot-plate test at 15 [F(5,108)=

91

17.657, P<0.001], 30 [F(5,108)=14.39, P<0.001] and 60
[F(5,108)=4.8, P<0.001] min after administration (Fig. 3A).
The maximum antinociception was 75.1+13.1% observed 15 min
after its administration. Comparatively, dipyrone (1.5 mmol/kg)
increased hot-plate latency by 124.1+14.6% at that time period.

MPF4 (1.0 mmol/kg) was also effective in inducing
antinociception in the hot-plate test at 30 [F(5,48)=8.34,
P<0.001] and 60 [F(5,48)=5.10, P<0.001] minutes after its
administration (Fig. 3B). The maximum antinociception was
98.74+24.9% 30 min after its administration.

Fig. 3C shows that MPCI3 significantly increased the latency
in the hot-plate test at 15 min [F(5,82)=20.30, P<0.001] at
doses of 0.3 and 1.0 mmol/kg and at 30 min [F(5,82)=6.17,
P<0.001] at the highest dose, MPCI3 (1.0 mmol/kg). The
maximum antinociception observed at the highest dose was
178.7420.3% at 15 min after administration.

As can be seen in Fig. 3D, MPCl4 (1.0 mmol/kg) significantly
increased the latency in the hot plate test at 15 [F(5,50)=28.46,
P<0.001] and 30 [F(5,50)=5.15, P<0.001] min after its
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Fig. 4. Effect of pre-administration of naloxone (A and B; 2 mg/kg, i.p.), yohimbine (C and D; 0.15 mg/kg, i.p.), PCPA (E and F; 300 mg/kg, i.p.) or their vehicles to
mice treated with morphine (A; 5 mg/kg, i.p.), clonidine (C; 0.1 mg/kg, i.p.), dipyrone (E, 1.5 mmol/kg, i.p.) or MPF4 (B, D and F; 1.0 mmol/kg, i.p.) on the response
latency at 30 min after administration of drugs in the hot—plate test in mice. Data are reported as mean+S.E.M. for n=7-17 per group. *P<0.05, compared saline
group (for morphine, clonidine and dipyrone) or Oil (for MPF4); “P<0.05, compared to vehicle pre-treated animals (SNK test).
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administration. The maximum antinociception of MPCI4 was
77.1+15.7% at 30 min.

3.3. Assessment of some mechanisms involved in the
antinociceptive activity

We also investigated some mechanisms related to pyrazoline
methyl ester induced antinociception. Since the trifluoro-
methyl-substituted pyrazoline methyl esters had a more
prolonged antinociceptive effect in the hot-plate test and
MPF4 was more efficacious than MPF3 in the formalin test, we
selected MPF4 to carry out the mechanism of action studies.
Pre-treatment with the opioid receptor antagonist, naloxone
(2 mg/kg, i.p.), reversed the antinociceptive effect of both
morphine (5 mg/kg, i.p) [F(1,30)=4.41, P<0.05] and MPF4
(1.0 mmol/kg) [F(1,35)=5.06, P<0.05] in the hot-plate test
(Fig. 4 A and B). Moreover, the combined treatment of MPF4
(1.0 mmol/kg, i.p.) plus morphine (5 mg/kg, i.p.) produced
additive antinociceptive action [F(3,37)=25.72, P<0.05] in
the hot plate test (Fig. SA).

On the other hand, the pre-treatment of mice with the alpha,
adrenoceptor antagonist yohimbine (0.15 mg/kg, i.p.) signifi-
cantly reversed the antinociception caused by clonidine
(0.1 mg/kg, i.p.) [F(1,36)=4.25, P<0.05], but did not alter
the antinociception caused by MPF4 (1.0 mmol/kg, i.p.) (Fig. 4
C and D). Finally, the pre-treatment of animals with PCPA
(300 mg/kg, i.p, for 3 consecutive days) produced a significant
inhibition of the antinociception caused by dipyrone
(1.5 mmol/kg, i.p.) in the hot-plate test [F(1,46)=7.30,
P<0.05]. In contrast, the same treatment with PCPA did not
significantly change the antinociceptive effect of MPF4
(1.0 mmol/kg, i.p) (Fig. 4 E and F).

The data obtained in the hot plate test demonstrated that
naloxone (2 mg/kg, i.p.) also reversed the antinociceptive effect
of MPF4 (1.0 mmol/kg) in the inflammatory phase ([F(1,31)=
35.90, P<0.01] of the formalin test. In the neurogenic phase,
naloxone tended to reverse MPF4 antinociception but this effect
was not statistically significant (#(1,31)=2.45, P=0.12) (Fig. 5
B and C).

As only naloxone reversed the antinociceptive effect of MPF4,
we also assessed whether or not MPF4 produced other opioid-like
effects in mice.

3.4. Induction of tolerance or cross-tolerance

The results presented in Fig. 6A demonstrate that pre-
treatment of animals with morphine (5 mg/kg, i.p. once a day
for 8 consecutive days) produced a significant and complete
tolerance to its antinociceptive effect, when compared with the
first day treatment [F(1,22)=18.78, P<0.001]. However, the
treatment of animals with MPF4 (1.0 mmol/kg, i.p. once a day
for 8 consecutive days) did not produce any significant
alteration in its antinociceptive action, when compared with
the first day treatment (Fig. 6B). Moreover, animals tolerant to
morphine did not demonstrate a significant alteration in the
antinociceptive effect of MPF4 (Fig. 6C). Similarly, repeated
treatment with MPF4 did not modify the antinociceptive effect

of morphine (Fig. 6C). Thus, MPF4 did not induce tolerance or
cross-tolerance with morphine.

3.5. Effects on gastrointestinal transit

We then investigated the effect of MPF4 on the intestinal
transit of a charcoal meal. Administration of rice oil or dipyrone
did not modify gastrointestinal transit when compared with
saline-treated animals (Fig. 7A). In contrast, MPF4 and, to a
greater extent, morphine inhibited gastrointestinal transit by
36.1+6.1% and 63.5+7.9%, respectively [F(4,39)=9.17,
P<0.05]. Pre-treatment with the opioid receptor antagonist
naloxone (2.5 mg/kg, i.p.) reversed the reduction of gastro-
intestinal transit induced either by morphine (11.0 mg/kg, i.p.)
[F(1,24)=5.98, P<0.05] or by MPF4 (1.0 mmol/kg) [F(1,26)=
4.3, P<0.05] (Fig. 7B and C).
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Fig. 5. A) Effect of the combined administration of MPF4 (1.0 mmol/kg, i.p.)
plus morphine (5 mg/kg,i.p.) on response latency at 30 min after administration
of drugs in the hot-plate test in mice. Data are reported as mean+SEM. for
n=10—11 per group. *P<0.05; **P<0.01, compared to vehicle group;
#P<0.05, compared to MPF4 or morphine group (SNK test). B-C) Effect of
pre-administration of naloxone (B and C; 2 mg/kg, i.p.) or its vehicle to mice
treated with MPF4 (1.0 mmol/kg, i.p.) on the time spent licking during the
neurogenic (B) and inflammatory (C) phases of the formalin test in mice. Data
are reported as mean=SEM for n=8-9 per group. *P<0.05, compared to oil
group; P<0.01, compared to MPF4+vehicle group (SNK test).
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Fig. 6. Effect of acute (first day) or chronic (eight days) treatment with morphine (A, 5 mg/kg, i.p.), MPF4 (B, 1.0 mmol/kg, i.p.), or vehicles on the response latency at
30 min after administration of drugs in the hot-plate test in mice (n=8-12). C) Effects of MPF4 or morphine (on the first or the eighth day) on the hot plate test at 30 min
after administration of drugs in mice chronically pre-treated (from the first to the seventh day) with vehicles, MPF4 (1.0 mmol/kg/day) or morphine (5 mg/kg/day). Data
are reported as mean=SEM for n=6-9 per group. *P<0.05, compared to first day treatment with oil (for MPF4) or saline (for morphine); “P<0.05, compared to eighth

day treatment with oil (for MPF4) or saline (for morphine) (SNK test).

3.6. Rotarod and open-field tests

Table 2 shows the effects of the substituted pyrazoline
methyl esters and of dipyrone on the rotarod and open-field
performance of mice. The tested compounds did not alter the
fall latency or number of falls in the rotarod test when compared
with the vehicle group (rice oil or saline). Furthermore, Table 2
demonstrates the effects of pyrazoline methyl esters and di-
pyrone on the open field test. Neither compound altered the
number of crossings, rearing responses or immobility in the
open field when compared with the vehicle group. To confirm
these data, we carried out a time course experiment comparing
the effect of vehicle and MPF4 in naive animals. Again, MPF4
treatment was not able to alter the locomotor activity in either
the rotarod or the open-field tests from 15 to 60 min after
administration (results not shown).

4. Discussion

It is well known that pharmaceutical companies around the
world are interested in developing safer and more effective
drugs to treat pain. In the present study, we evaluated the
antinociceptive effect of four novel pyrazoline methyl esters,
MPF3, MPF4 MPCI3 and MPCIl4, against hot-plate and
formalin tests of nociception. Moreover, we investigated some
mechanisms related with their antinociceptive actions and some
possible side effects induced by these compounds.

In the formalin test, the subcutaneous administration of
formalin induced a pain-related behaviour of licking and biting
of the injected paw in two distinct phases (Hunskaar and Hole,

1987; Shibata et al., 1989). The action of analgesic drugs is
different in the neurogenic and inflammatory phases. Opiates,
which act centrally for the most part, inhibit both phases
similarly (Hunskaar and Hole, 1987; Shibata et al., 1989).
However, non-opiate analgesics, including dipyrone, which
have a central and peripheral site of action, produce an
antinociceptive effect in both phases of the formalin test, but
particularly in the second phase, where pain is inhibited by
lower doses than those necessary to inhibit pain in the first
phase (Shibata et al., 1989). Similar to non-opiate analgesics,
we have found that some novel pyrazoline methyl esters
decreased pain in both phases of the formalin test, with a greater
potency in the inflammatory phase. For the 5-trifluoromethy-
lated pyrazolines, positioning the methyl group at position 3 of
the pyrazole ring reduced the potency of the neurogenic
nociception caused by formalin. On the other hand, for the 5-
trichloromethylated pyrazolines, moving the methyl group to
position 3, increased efficacy during both phases of formalin
nociception. Thus, the methyl group at position 3 could produce
a conformational effect that would make it difficult for the
molecule to interact with its putative molecular target for the
substituted 5-trifluoromethyl.

We also investigated the effect of new pyrazoline methyl
esters in the hot-plate test. Similar to other studies carried
out with rodent thermal tests (Beirith et al., 1998; Carlsson
et al., 1986; Hernandez-Delgadillo et al., 2003), it was clearly
demonstrated in the present study that dipyrone induced
antinociception in the hot-plate test. Moreover, we have
found that MPF3 and MPF4, which present a trifluoromethyl
group at position five of the pyrazole ring, caused significant
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Fig. 7. A) Effect of Dipyrone (1.5 mmol/kg, i.p.), MPF4 (1.0 mmol/kg, i.p.), or
morphine (11 mg/kg, i.p.) on gastrointestinal transit in mice. B and C) Effect of
pre-administration of naloxone (2.5 mg/kg, i.p.) or vehicle to mice treated with
morphine (B) or MPF4 (C) on the gastrointestinal transit in mice. Data are
reported as mean+SEM for n=8-9 per group. *P<0.05, compared to oil group
(for MPF4) or to saline group (for morphine); *P<0.05, compared to vehicle
pre-treated animals (SNK test).

antinociception in the hot plate test for up to 60 min. On the
other hand, the antinociceptive effect of MPCI3 and MPCl4,
which present a trichloromethyl group at position five of the
pyrazoline ring, had completely subsided 60 min after their
administration. These results are in agreement with the idea that
the carbon-fluorine bond is more stable than the carbon-chlorine
bond, probably resulting in more metabolically stable com-
pounds (Karthikeyan et al., 2007; Parck et al., 2001). Of note,
fluorine substitution at the site of metabolic attack makes the
molecule much more resistant to direct chemical attack by
cytochrome P450 (Parck et al., 2001). However, further studies
must be carried out to elucidate the pharmacokinetics of the
novel 5-trichloromethylated pyrazolines.

Furthermore, we have assessed some possible mechanisms
involved in the antinociception induced by MPF4. We selected
MPF4 to carry out the mechanism of action studies since the
trifluoromethyl-substituted pyrazoline methyl esters had a more
prolonged antinociceptive effect in the hot-plate test and MPF4

was more effective than MPF3 in the formalin test. The exact
mechanism responsible for the antinociceptive effect of anal-
gesic pyrazole compounds, such as dipyrone, 3-difluoromethyl)-
1-(4-methoxyphenyl)-5-[4-(methylsulfinyl)phenyl]pyrazole
(FR140423) and 3-methyl-5-hydroxy-5-trichloromethyl-4,5-
dihydro-1H-1-pyrazole-1-carboxyamide (MPCA) remains
uncertain, but it has been suggested that it is linked to the
noradrenergic, serotoninergic and opioidergic systems (Godoy
et al., 2004; Ochi and Goto, 2000a,b; Ochi et al., 1999b, 2002;
Vlaskovska et al., 1989). In the present study, the antinocicep-
tion generated by MPF4 seems to function regardless of the
activation of endogenous serotoninergic systems. In fact, the
treatment of the animals with PCPA, at a dose known to inhibit
serotonin synthesis (Dailly et al., 2006), failed to interfere with
MPF4 induced antinociception in the hot-plate test. In addition,
the same treatment of animals with PCPA antagonized dipyrone
antinociception, as previously demonstrated (Miranda et al.,
2003). Furthermore, alpha,-adrenoceptors seem unlikely to be
involved in the antinociception of MPF4 as the pre-treatment of
the animals with the alpha,-adrenoceptor antagonist yohimbine
failed to block antinociception induced by MPF4. Finally, the
mechanism underlying the antinociceptive action of MPF4
seems to be related to an action on the opioidergic system, since
the antinociceptive effect of this compound was antagonized by
the opioid receptor antagonist naloxone (2 mg/kg, i.p.) in the
hot-plate test and in the inflammatory phase of the formalin test.
In the neurogenic phase of the formalin test, the antinociceptive
effect of MPF4 was not significantly reversed by naloxone,
indicating that MPF4 might induce antinociception by a

Table 2

Effect of pyrazoline methyl esters and dipyrone administration on the fall
latency and number of falls in rotarod test and number of crossings, rearing and
immobility in open-field test in mice

Treatment Fall latency Number Crossing  Rearing Immobility N

(mmol/kg) of falls

Saline 183.0+£17.4 1.8+£0.7 35.7+6.3 10.4+2.1 254455 20

Rice Oil ~ 132.3+20.4 1.1+0.2 283+32  8.6+1.0 17.6+48 20

MPF3 1222+17.9 2.5+0.6 31.2+1.8 88+1.0 252+6.2 20
(1.0)

Dipyrone 123.2+18.3 1.85+0.4 24.2+23  49+0.5 28.0+434 20
(1.5)

Saline 95.1+17.1 1.5+0.5 19.1+£6.6  5.0£2.5 18.1+8.8 8

Rice Oil 62.6+18.1 2.840.8 242+1.8  3.6+0.75 10.2+39 10

MPF4 139.3+£242 22+1.0 29.4+4.1 42+13 17752 10
(1.0)

Dipyrone 108.5+31.1 2.3+0.6 24.1+3.6  5.6+1.0 21.8+43 9
(1.5)

Saline 1653+25.1 2.1+1.0 35.1+79  93+£25 17.1+89 14

Rice Oil  109.6+19.8 2.0+0.6 223+3.0 59+1.1 279+10.6 14

MPCI3 124.0+£259 2.5+0.8 33.4+12.8 9.1+52 38.5+83 16
(1.0)

Dipyrone 145.9+23.9 1.1+0.4 26.2+44  52+1.2 35.0+58 14
(1.5)

Saline 101.5+18.6 1.7+0.6 27.1+£76.9 5.7+2.8 12.1+3.1

Rice Oil 84.7+25.0 3.2+09 342+54 9.1+1.7  9.8+1.9 8

MPCl4 203.5+£19.7 0.7+0.4 443+33 83+13  92+£3.0 12
(1.0)

Dipyrone 121.8+26.5 2.3+0.6 282+29  6.8+0.8 20.3+44 12

(1.5)

Data are means+SEM N=number of animals in each group.
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mechanism from some system other than the opioid system.
Moreover, the combined treatment of MPF4 and morphine
produced an antinociceptive effect that was greater than that
produced by each drug administered alone. As opioids do not
present a ceiling effect and the antinociception of the combined
treatment was similar to the sum of the effects of morphine or
MPF4 alone, our data suggest that both drugs might act by the
same mechanism. Despite the clear involvement of the opioid
system in the effect of MPF4, we cannot extrapolate that the
same mechanism would be involved in the other trihalomethyl-
substituted pyrazoline methyl esters tested. Next, we assessed
whether MPF4 produced other opioid-like effects, including
gastrointestinal transit reduction and the development of
tolerance.

Constipation is a undesired side effect that commonly accom-
panies the acute or chronic administration of opioid-analgesics
(Puig and Pol, 1997). Initially, we confirmed previous studies
that showed that dipyrone did not alter gastrointestinal transit in
rodents (Hernandez-Delgadillo et al., 2002). On the other hand,
our data demonstrated that MPF4, similar to morphine, produced
an inhibition of the gastrointestinal transit after a single admi-
nistration. Similar to the result observed in the nociception test,
naloxone reversed the inhibition of transit produced by MPF4 or
morphine.

Tolerance is a particularly well-researched adaptive response
to opioids, and is almost exclusively associated with analgesia
(Kieffer and Evans, 2002). The development of tolerance to the
antinociceptive effects of morphine after repeated administra-
tion is a side effect that limits its chronic use (Mercadante,
1999). In the present study, after repeated administration, once a
day during eight days, a tolerance was developed to the antino-
ciceptive effects of morphine, but not to those of compound
MPF4. Thus, MPF4 seems to produce some morphine-like
effects, including antinociception and constipation, whereas it
does not produce others, such as the development of tolerance.
Studies on animals repeatedly injected with opioids by various
routes have shown that tolerance is time-and dose-dependent
and receptor specific (Collett, 1998; Pasternak, 2001). Repeated
injections of morphine may confer not only tolerance to mor-
phine itself but also to other drugs in the same mechanistic
category, an effect known as cross-tolerance. We did not detect
cross-tolerance between the antinociceptive action of morphine
and MPF4. This finding suggests that MPF4 acts through a
receptor or some mechanism that is different from that of
morphine. Of note, it has been demonstrated that pyrazole deri-
vatives, such as dipyrone and FR140423, do not directly bind to
the opioid receptor (Ochi et al., 1999b; Popova and Staneva-
Stoycheva, 1989). However, the antinociceptive effect of both
dipyrone and FR140423 is related with endogenous opioid
release (Ochi et al., 2000; Vlaskovska et al., 1989). Thus, further
studies should be carried out to elucidate whether the antino-
ciceptive effect of MPF4 is related to a direct binding onto a
specific opioid receptor or to an indirect release of endogenous
opioids.

A major concern in experiments designed to evaluate the
analgesic action of new agents is whether pharmacological
treatment causes other behavioural alterations, such as altering

motor coordination and causing sedation, which could be
misinterpreted as analgesia (Tabarelli et al., 2004). An important
issue regarding the behavioural effects of the compounds eval-
uated in this study is the fact that none of the novel pyrazoline
methyl esters tested, nor dipyrone or the vehicles, caused motor
impairment as evaluated by either forced or spontaneous loco-
motor. On the other hand, it has been well demonstrated that
opioids produces locomotor alterations in rodents (Hayes and
Tyers, 1983). This result reinforces the idea that MPF4 possesses
a pharmacological profile different from morphine and similar to
other pyrazole compounds such as FR 140423 (Ochi et al.,
1999b).

In conclusion, the novel pyrazoline methyl esters MPF3,
MPF4, MPCI3 and MPCl4 presented an antinociceptive effect in
chemical and thermal models of pain. Further investigations are
necessary to elucidate the exact mechanism of action of these
compounds. Nevertheless, the results of the present study sug-
gest that these new bioactive pyrazolines are an interesting
prototype of mild analgesic drugs.
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Abstract

The aim of the present study was to evaluate the antinociceptive effect of the novel
4-methyl-5-trifluoromethyl-5-hydroxy-4, 5-dihydro-1H-pyrazole methyl ester (MPF4) in
two models of pain: arthritic pain caused by Complete Freund’s Adjuvant (CFA) and
postoperative pain caused by surgical incision in mice. MPF4 given intraperitoneally
(1.0 mmol/kg, i.p.) or orally (0.1-1.0 mmol/kg, p.0.) produced marked antinociception
in inflammatory pain caused by CFA. Oral administration of MPF4 (1.0 mmol/kg, p.0),
dipyrone (1.0 mmol/kg, p.o.) and morphine (0.026 mmol/kg, p.o.) produced an anti-
allodynic effect with maximal inhibition of 100 %, 93+9 % and 100 %, respectively.
However, neither of the compounds evaluated reversed the paw edema produced by
CFA. Moreover, MPF4, dipyrone and morphine also produced an anti-allodynic effect
in the surgical incisional pain model. The maximal inhibitions obtained with
preemptive drug treatment were 66+7 %, 73+9 % and 88+8 % for MPF4 (1.0
mmol/kg, p.o.), dipyrone (1.0 mmol/kg, p.o.) and morphine (0.026 mmol/kg, p.o.),
respectively. The maximal inhibitions obtained with curative drug treatment were
53+9 %, 83+7% and 84+7 %, for MPF4 (1.0 mmol/kg, p.o.), dipyrone (1.0 mmol/kg,
p.o.) and morphine (0.026 mmol/kg, p.o), respectively. Unlike indomethacin, MPF4
did not induce gastric lesions at the dose that caused the highest antinociception (1.0
mmol/kg, p.o). The anti-allodynic action of MPF4, dipyrone and morphine was not
associated with impairment of motor activity. The results of the present study suggest
that MPF4 represents a potential target for the development of new drugs to treat
persistent inflammatory pain.

Keywords: allodynia, inflammatory pain, pyrazoline methyl ester
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Introduction

The sensation of pain alerts us to real or impending injury and triggers appropriate
protective responses. Unfortunately, the pain that often works as a benefit to the
survival, acting as a warning system, may become chronic instead (Julius and
Basbaum, 2001). While physiological pain requires intense but not damaging stimuli
and is typically transient and well localized, pathological pain causes alterations in
the somatosensory system, amplifying responses and increasing sensitivity to
peripheral stimuli so that pain can be activated by normally innocuous stimuli
(allodynia) (Woolf and Costigan, 1999). It is now well recognized that persistent pain
resulting from peripheral inflammation associated with tissue damage causes the
release of multiple nociceptive mediators, resulting in increased long-lasting

discharge of primary sensory fibres (Besson, 1999; Julius and Basbaum, 2001).

One important and prevalent cause of pain is related with joint inflammation. In
arthritis, joint nerves become sensitised, producing chronic or episodic pain. Current
therapies to help alleviate joint pain have limited effectiveness and certain drugs
produce unwanted negative side effects, thereby precluding their long-term use
(McDougall, 2006). Another common cause of inflammatory pain is postoperative
pain, which is a unique form of acute pain (Brennan et al., 1996; Zahn et al., 2005).
Efficacious postoperative analgesia improves patient satisfaction, may facilitate
patient recovery and, thus, may decrease morbidity and mortality following surgery
(Kehlet et al. 2006). However, a meta-analysis concluded that 41% of all surgical
patients still experience moderate to severe acute postoperative pain and that 24%
experience inadequate pain relief (Dolin et al., 2002). Unfortunately, acute

postoperative pain control seems not to have substantially improved over the last
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decade (Apfelbaum et al.,, 2003). In this context, in addition to opioids, the
nonsteroidal anti-inflammatory drugs (NSAIDS) are probably the most widely used
drugs in clinics for pain treatment (Scholz and Woolf, 2002). In spite of their proved
efficacy, both types of drugs produce unwanted side effects that limit their use
(Kromer, 1998; Mercadante, 1999). Among NSAIDS, the pyrazole—derived drug
dipyrone is a good alternative due to its high efficacy, low cost and good gastric
tolerability (Camu and Vanlersberghe, 2002). Pyrazole compounds have attracted a
great deal of research interest due to their wide range of pharmacological properties
(Cheng et al.,, 1986; Bekhit and Abdel, 2004), mainly antinociceptive activities
(Matheus et al., 1991; Ochi et al., 1999 a,b; Glrsoy et al., 2000). 4-methyl-5-
trifluoromethyl-5-hydroxy-4, 5-dihydro-1H-pyrazole methyl ester (MPF4) is a novel
pyrazole derivative discovered by screening compounds that contain a pyrazole
scaffold to find new antinociceptive drugs (De Souza et al., 2001; Godoy et al., 2004;
Tabarelli et al., 2004; Prokopp et al.; 2006, Sauzem et al., 2007). Recently, it was
reported that MPF4 presented antinociceptive effects in formalin and hot-plate tests
(Milano et al., 2008). The antinociceptive effect of MPF4 was reversed by the opioid
receptor antagonist, naloxone, but not by the alpha,- adrenergic receptor antagonist,
yohimbine, or by p-chlorophenylalanine ethyl ester (PCPA) pre-treatment. In contrast
to morphine, MPF4 given daily for up to 8 days did not generate a tolerance to its
antinociceptive effect or cross-tolerance with morphine. Therefore, the present study
was designed to investigate whether MPF4 exhibits anti-allodynic effects in two
models of pain, arthritic pain caused by Complete Freund's Adjuvant (CFA) and
postoperative pain caused by surgical incision in mice. Furthermore, we have
compared the antinociceptive effect of MPF4 with that produced by dipyrone or

morphine and assessed the effects of the compounds on motor function.
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Material and methods

Animals

Three-month-old male albino Swiss mice (30-40 g) bred in our animal house were
used. The animals were housed at controlled temperature (22 + 2°C) with a 12 h
light/dark cycle and with standard lab chow and tap water ad libitum. The animals
were habituated to the experimental room for at least 2 h before the experiments.
The experiments reported in this study were carried out in accordance with current
ethical guidelines for the investigation of experimental pain in conscious animals
(Zimmermann, 1983). The numbers of animals and intensities of noxious stimuli used
were the minimum necessary to demonstrate the consistent effects of the drug

treatments.

Drugs

The novel trifluoromethylated pyrazoline methyl ester 4-methyl-5-trifluoromethyl-5-
hydroxy-4,5-dihydro-1H-pyrazole methyl ester (MPF4) was synthesized according to
Martins et al. (2006). Analysis of *H NMR and *C NMR spectra showed analytical
and spectroscopic data in full agreement with the assigned structure. The maximum
dose of MPF4 achievable in a homogeneous suspension was 1.0 mmol/kg. MPF4
was dissolved in rice oil or 20% polyethyleneglicol (PEG, Sigma, Sado Paulo, Brazil)
plus saline (0.9% NaCl). Dipyrone (Hoeschst, Sdo Paulo, Brazil) or morphine
sulphate (Cristalia, S&o Paulo, Brazil) were dissolved in 20% PEG plus saline.
Complete Freund’s Adjuvant (1 mg/ml of heat killed Mycobacterium tuberculosis in

85% paraffin oil and 15% mannide monoleate) was obtained from Sigma (St. Louis,
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USA.). All other reagents were of analytical grade and were purchased from local

suppliers.

Mechanical allodynia measurement

Mechanical allodynia was measured as described previously (Bortalanza et al.,
2002), as a marked increase in withdrawal response frequency to 10 applications of
von Frey filament as compared with baselines values. Preliminary studies carried out
in our laboratory showed that 0.09 g of von Frey filament produces a mean
withdrawal response frequency of about 10%, which was considered an innocuous
stimulus. Therefore, only 0.09 g of von Frey filament was used in our experiment.
Mice were placed individually in clear Plexiglas boxes (9 X 7 X 11 cm) on elevated
wire mesh platforms to allow access to the ventral surface of the hind paws. The
frequency of mechanical withdrawal was determined before (baseline) and after

injection of CFA or the incision procedure.

CFA- induced mechanical allodynia and edema

To produce a chronic inflammatory response, mice were lightly anaesthetized with
2% halothane via a nose cone and received 0.02 ml of CFA subcutaneously in the
plantar surface (intraplantar, i.pl.) of the right hind paw (Ferreira et al., 2001). Forty-
eight hours after CFA administration, mechanical allodynia was measured as
described above (time 0). Immediately after allodynia measurement, mice were
treated with MPF4 (1.0 mmol/kg, i.p or 0.1-1.0 mmol/kg, p.o), dipyrone (1.0 mmol/kg,
p.o), morphine (0.026 mmol/kg, p.o) or vehicle (10 ml/kg, rice oil for i.p or 20% PEG
plus saline for p.o route). Mechanical allodynia was measured from 0.5 up to 6 hours

after administration. In addition, we evaluated the development of the paw edema 48
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hours after CFA administration (time 0). The edema of the hind paw was considered
an increased paw thickness measured by calliper (Mytutoio, Japan) 48 h after CFA
injection as compared with baseline values (before CFA injection) (Cao et al., 1998).
The effect of the drugs on the paw edema produced by CFA was assessed 3 h after

administration.

Surgical incision- induced mechanical allodynia

The incisional pain model was carried out according to the procedure described in
rats (Brennan et al., 1996) and adapted to mice (Pogatzki et al., 2003). Mice were
anesthetized with 2% halothane via a nose cone. After antiseptic preparation of the
right hind paw with 10% povidone-iodine solution (PVPI), a 5-mm longitudinal incision
was made with a number 11 blade through the skin and fascia of the plantar foot.
The incision was started 2 mm from the proximal edge of the heel and extended
towards the toes. The underlying muscle was elevated with a curved forceps, leaving
the muscle origin and insertion intact. The skin was apposed with a single mattress
suture of 6.0 nylon. Mechanical allodynia was measured as described above. The
preemptive effects of the orally administered drugs was evaluated in mice, which
received MPF4 (1.0 mmol/kg, p.o), dipyrone (1.0 mmol/kg, p.o), morphine (0.026
mmol/kg, p.o) or vehicle (20% PEG plus saline, p.0) 0.5 h before the incisional
procedure. In this case, mechanical allodynia was recorded 2, 4 and 6 hours after
administration (equivalent to 1.5, 3.5 and 5.5 hours after incision). To evaluate the
curative effect of the drugs, the animals received MPF4 (1.0 mmol/kg, p.o), dipyrone
(2.0 mmol/kg, p.o), morphine (0.026 mmol/kg, p.o) or vehicle (20% PEG plus saline,

p.o) 1 h after the incisional procedure. Mechanical allodynia was recorded 2, 4 and 6
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hours after treatment administration (equivalent to 3, 5 and 7 hours after the incision

procedure).

Gastric lesion assessment

To evaluate the gastric tolerability of animals after oral administration of MPF4, mice
were fasted for 18 h prior to drug exposure. The animals were treated with MPF4
(2.0 mmol/kg, p.o), indomethacin (0.1 mmol/kg, p.o, used as a positive control) or
vehicle (20% PEG plus saline, 10 ml/kg, p.o). Four hours later, animals were
euthanized with CO,. The stomachs were opened by cutting along the greater
curvature, washed with saline at 4°C and immediately the lesion index was assessed
with support of a magnifying glass. The quantification of gastric mucosal lesions was
carried out by assigning a score according to the number and size of lesions on a

scale from 0 up to 6 points (Magistreti et al., 1988).

Rotarod test

The effect of compounds on locomotor performance was tested on the rotarod
apparatus as described previously (Godoy et al., 2004). Twenty-four hours before the
experiments, all animals were trained in the rotarod (3.7 cm in diameter, 8 r.p.m) until
they could remain in the apparatus for 60 s without falling. On the day of the
experiment, mice were treated with MPF4 (1.0 mmol/kg, p.0), dipyrone (1.0 mmol/kg,
p.o), morphine (0.026 mmol/kg, p.o), vehicle (20 % PEG in saline, 10 ml/kg, p.o) or
saline (10 ml/kg, p.o) and tested in the rotarod from 0.5 up to 4 hours after their
administration. The latency to fall and the number of falls from the apparatus were

recorded with a stopwatch up to 240 s.
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Open-field test

The effect of the compounds on spontaneous locomotor activity and exploratory
behavior was assessed by the open-field test, as previously reported by Tabarelli et
al. (2004). The apparatus was a round arena (34 cm in diameter) with the floor
divided into 21 equal areas. Mice were treated orally with MPF4 (1.0 mmol/kg, p.0),
dipyrone (1.0 mmol/kg, p.o), morphine (0.026 mmol/kg, p.o), vehicle (20 % PEG in
saline, 10 ml/kg, p.o) or saline (10 ml/kg, p.o) and observed for a period of 5 min from
0.5 up to 4 hours after drug administration. The number of areas crossed with all

paws and the number of rearing responses were recorded.

Statistical analysis

The results are expressed as mean + S.E.M, except the IDsp value (i.e. the dose of
compounds that reduces nociceptive responses to the order of 50% relative to the
control value) which is reported as geometric means accompanied by respective
95% confidence limits and gastric lesion score which is reported as median followed
by 25-75% quartiles. The IDsy value was determined by non-linear regression
analysis with a sigmoid dose-response equation using GraphPad Software 4.0
(Graph Pad, USA). The percentages of inhibition obtained for each individual
experiment were in relation to the control values. Time-response data were analyzed
by two-way repeated measures (RM) and analysis of variance (ANOVA) followed,
where appropriate, by post hoc Student-Newman-Keuls test. The level of significance
was set at P <0.05 and F values demonstrated by treatment versus time interactions
and are presented in the text only when P <0.05. Data of the gastric lesions were

analyzed using Wilcoxon-Mann-Whitney test for group comparisons.
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Results

Effects of MPF4 on mechanical allodynia and paw edema induced by CFA injection

CFA produced marked mechanical allodynia [F(3,38)=61.64, P<0.001] and paw
edema [F(2,38)= 33.34, P<0.001] in the injected paw 48 hours after i.pl. injection.
The intraperitoneal administration of MPF4 (1.0 mmol/kg, i.p) reduced mechanical
allodynia induced by CFA for up to 4 hours after its administration [F(5,95)= 8.94,
P<0.001] (Figure 1A). The maximal effect was observed 1 h after administration with
an inhibition of 94+7 %. However, MPF4 (1.0 mmol/kg, i.p) failed to reduce paw
edema produced by CFA, when measured 3 h after its administration (Figure 1B).
The oral administration of MPF4 also produced an anti-allodynic effect in the CFA
model up to 4 hours after its administration [F(18,156)=4.84, P<0.001] (Figure 2A).
Similar to MPF4, dipyrone (1.0 mmol/kg, p.o) was effective up to 4 hours after its
administration. Moreover, morphine (0.026 mmol/kg, p.o) produced an anti-allodynic
effect that was maintained for up to 6 hours [F (12,108)=7.46, P<0.001] (Figure 2B).
The most pronounced effect of MPF4 (1.0 mmol/kg, p.0) was observed at 2 hours
after its oral administration, when the IDsy obtained was 0.12 (0.06-0.20) mmol/kg
and the maximal inhibition was 100 %. Comparatively, dipyrone (1.0 mmol/kg, p.o.)
and morphine (0.026 mmol/kg, p.o.) inhibited 93+9 % and 100 %, at the same time
point of 2 h, respectively. However, the increase in paw diameter 48 h after CFA
administration was not reversed by orally administered MPF4 (1.0 mmol/kg, p.o),
dipyrone (1.0 mmol/kg, po) or morphine (0.026 mmolkg p.o) (Figure 2C). Because
MPF4 showed similar efficacy either intraperitoneally or orally in the CFA model, only

oral treatment was used in further experiments.
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Effects of MPF4 on mechanical allodynia induced by surgical incision

Next, we evaluated the preemptive and curative anti-allodynic effect of MPF4 in the
postoperative pain model. The plantar incision produced a marked mechanical
allodynia in the injured paw [F(3,78)=72.48, P<0.001]. Preemptive treatment with
MPF4 (1.0 mmol/kg, p.o.), dipyrone (1.0 mmol/kg, p.o.) or morphine (0.026 mmol/kg,
p.o.) significantly decreased mechanical allodynia from 2 to 4 hours. However, only
dipyrone and morphine were effective 6 hours after treatment [F(9,78)=11.50,
P<0.001] (Figure 3 A). At 2 hours, the inhibition obtained was 66+7 %, 73+9 % and
8848 %, for MPF4 (1.0 mmol/kg, p.o.), dipyrone (1.0 mmol/kg, p.0.) and morphine
(0.026 mmol/kg, p.o.), respectively.

The curative treatment with drugs also reduced mechanical allodynia. Treatment with
MPF4 (1.0 mmol/kg, p.o.), dipyrone (1.0 mmol/kg, p.o.) and morphine (0.026
mmol/kg, p.o.) significantly decreased mechanical allodynia at 2 and 4 h after
treatment. However, only dipyrone and morphine were effective at 6 hours after
treatment [F(12,104)=6.99, P<0.001) (Figure 3B). The inhibition obtained 2 hours
after drug administration was 53+9 %, 83+7 % and 84+7 %, for MPF4 (1.0 mmol/kg,

p.o.), dipyrone (1.0 mmol/kg, p.o.) and morphine (0.026 mmol/kg, p.0), respectively.

Gastric lesion assessment

A single oral administration of MPF4 did not induce significant mucosal lesion 4
hours after its administration. MPF4 (1.0 mmol/kg, p.0.) presented scores similar to
those for the vehicle (20% PEG plus saline, 10 ml/kg, p.o.), corresponding to
0.36+0.15 and 0.18+0.12 lesion scores/stomach, respectively. In contrast,
indomethacin (0.1 mmol/kg, p.o, which served as a positive control) induced higher

score values at 3.96+1.05 lesion scores/stomach at 4 hours after its administration.
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Rotarod and open-field tests

Table 1 shows the effects of MPF4 (1.0 mmol/kg; p.o.), dipyrone (1.0 mmol/kg; p.o.)
and morphine (0.026 mmol/kg, p.o) on the rotarod test from 0.5 to 4 hours. The
compounds tested did not alter the fall latency or number of falls in the rotarod test
when compared with the saline group. Table 2 demonstrates the effects of MPF4 (1.0
mmol/kg; p.o.), dipyrone (1.0 mmol/kg; p.o.) or morphine (0.026 mmol/kg, p.o) in the
open-field test from 0.5 to 4 hours. None of the compounds altered the number of

crossings or rearings responses when compared with the vehicle group.

Discussion

We have previously demonstrated that MPF4 given intraperitoneally decreases
neurogenic and inflammatory phases of nociception in the formalin test and also
produces a dose-dependent antinociception in the hot-plate test without causing
motor impairment (Milano et al., 2008). In addition, the antinociceptive effect of MPF4
was reversed by the opioid receptor antagonist, naloxone, but not by the alpha,-
adrenergic receptor antagonist, yohimbine, or by PCPA treatment. Moreover, MPF4
given daily did not generate a tolerance to its antinociceptive effect or cross-tolerance
with morphine. However, similar to morphine, MPF4 reduced gastrointestinal transit
in mice. Thus, MPF4 seems to be an analgesic that acts through a receptor or a
mechanism that is different from that with which morphine acts. Taking this into
account, the purpose of the present study was to investigate the effects of MPF4 in

models of arthritic and incisional pain.
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Pathological pain is an unrelenting and debilitating condition that is often associated
with inflammation. Inflammation can result from tissue damage (e.g., a surgical
incision), exposure to chemical stimuli (e.g., the chemical constituents of a bee sting),
or autoimmune processes (e.g., rheumatoid arthritis) (Negus et al., 2006). In each
case, stimulation of the immune system results in release of multiple nociceptive
mediators, which in turn produce numerous effects, including sustained activation
and sensitization of both primary nociceptors and higher order neurons involved in
the transmission of nociceptive input (Julius Basbaum, 2001). This hypersensitivity of
nociceptive pathways contributes to the behavioral phenomena of allodynia (pain-like
responses to normally innocuous stimuli) and/or hyperalgesia (enhanced pain-like
responses to normally noxious stimuli), and the goal of drug treatment is to normalize
pain sensitivity (Woolf and Costigan, 1999; Marchand et al., 2005).

It is well known that acute and chronic inflammatory pain diseases are still one of the
most important health problems in the world (Buyukokuroglu, 2002). At present, few
drugs are effective in treating these disorders and a great part of them present side
effects (Bortalanza et al., 2002). In this context, the search for new compounds that
could be applied in inflammatory pain therapy has been essential. The results of the
present study show that the novel pyrazoline methyl ester MPF4 produced marked
antinociception in models of inflammatory pain induced by adjuvant arthritis and
incisional pain in mice. We have also confirmed the anti-allodynic effect produced by
dipyrone and morphine in both models of pain.

CFA produces a chronic inflammatory condition in rodents and has served
extensively as a laboratory model in the study of arthritic pain (Hogan et al., 2002;
Nagakura et al., 2003). In the current study, we demonstrated that intraperitoneal or

oral administration of MPF4 produced an inhibition of mechanical allodynia induced
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by CFA in mice. MPF4 given by both routes showed roughly the same
antinociceptive effect. The fact that this new pyrazole, given by different routes,
presented similar efficacy seems to be relevant, because oral administration of drugs
is more clinically usable due to its easy administration and low cost (Buxton, 2006).

The antinociception caused by MPF4 seems unlikely to be associated with its anti-
inflammatory action, as revealed by the complete lack of inhibition of paw edema
caused by CFA. When compared with dipyrone and morphine, two clinically used
analgesics, MPF4 presented a very similar anti-allodynic efficacy, as well as, an
absence of the anti-edematogenic effect. Classical non-steroidal anti-inflammatory
drugs (NSAIDs) or selective COX-2 inhibitors have been reported to reduce the
development of allodynia and paw swelling in inflammation induced by injection of
adjuvant arthritis in rats (Attal et al., 1988; Engelhartdt et al., 1995; Ochi and Goto,
2000). The atypical NSAIDs, such as acetaminophen and dipyrone, seem to be more
potent as analgesics than as anti-inflammatory agents. In fact, dipyrone possesses a
significant antinociceptive effect even in the absence of an anti-inflammatory
response in models of acute inflammation such as formalin and carrageenin tests
(Lorenzetti et al., 1985; Beirith et al.,, 1998). Accordingly, in the model of chronic
inflammation induced by CFA in rats, dipyrone proved to be more potent as an
analgesic than as an anti-inflammatory agent (Tatsuo et al., 1994). The anti-allodynic
effect of opiates in acute and chronic inflammation has also been well documented
previously, as has their lack of an anti-edematogenic effect (Li et al., 2003; Nagakura
et al.,, 2003; Tatsuo et al., 1994; Fraser et al., 2000). In the current study, we
demonstrated that, similar to MPF4, acute treatment with dipyrone or morphine was

not capable of reversing an installed edema.
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The most common adverse effect of traditional NSAIDs is the induction of gastric
lesions (Henry et al., 1996). The epidemiological data suggest that the prevalence of
peptic ulcers in patients receiving conventional NSAID therapy ranges between 10
and 30% (Lazzaroni et al., 2004). In the US, traditional NSAID induced
gastrointestinal injury is estimated to cause more that 100,000 hospitalisations
annually (Singh et al., 1999). On the other hand, atypical NSAIDs with
acetaminophen and dipyrone did not seem to present this side-effect (Camu and
Vanlersnrgue, 2002). In fact, in contrast with traditional NSAIDs, dipyrone did not
cause apparent gastrointestinal lesions in subchronic treatment in rats (Sanchez et
al.,, 2002; Berenguer et al., 2004). In this study, unlike indomethacin (internal
standard), a single oral dose of 1.0 mmol/kg of MPF4 (the dose that caused higher
antinociception) did not cause gastric lesions. This suggests that, at experimental
conditions, MPF4 possesses a superior gastric safety as compared to indomethacin.
In addition, in the present study, we examined the anti-allodynic effect of MPF4 both
before and after a surgical incisional pain model in mice. The postoperative incisional
pain model displays similarities to the human postoperative pain syndrome, where
surgical incision causes mechanical allodynia and other pain behaviours in the post-
operative course of time (Brenann et al., 1996). Oral administration of traditional
NSAIDs or selective COX-2 inhibitors has been previously shown to reduce tactile
allodynia in models of postoperative pain (Yamamoto et al., 2000; Ochi et al., 2003;
Whiteside et al., 2004). Morphine also seems to reduce pain behaviours in a rat
model of incisional pain when administered pre- or postsurgically via the intrathecal,
subcutaneous or intraperitoneal route (Brennan et al.,, 1997; Zahn et al., 1997;
Pogatzi et al., 2002). However, the effective dose of morphine is often observed to be

in a range that causes sedation (Whiteside et al., 2004). In addition, paracetamol and
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dipyrone have been reported to reduce postoperative pain in humans with minimal
side effects (Grundmann et al., 2006; Kampe et al., 2006). In our experiments, oral
administration of the new MPF4 either pre- or postoperative, similar to dipyrone and
morphine, markedly produced a decrease in mechanical allodynia induced by skin
incision in a mouse model of postoperative pain. All compounds evaluated presented
similar anti-allodynic efficacy between pre- and postoperative treatments. These
results are in agreement with those of Prado et al. (2002) who showed that there was
no significant difference between pre- and postoperative intraperitoneal treatments
with morphine, dipyrone or diclofenac in a model of incisional pain.

Meaningful research on pain and analgesia depends on the development of validated
procedures for identifying the presence of pain and quantifying its magnitude (Negus
et al., 2006). Behavioural alterations, such as motor incoordination and sedation,
might be misinterpreted as analgesia and produce false positive effects (Tabarelli et
al., 2004). In the present study, oral administration of MPF4, dipyrone or morphine
did not cause motor impairment, as evaluated by either forced locomotion in the
rotarod or spontaneous locomotion in the open field test. Thus, the possibility that the
antinociceptive effect of the compounds tested is due to any degree of motor
impairment or sedation is improbable.

In conclusion, the present findings indicate that the novel MPF4 produces analgesia
in inflammatory pain caused by intraplantar injection of CFA and in incisional pain
caused by surgical incision in mice without causing motor damage. In addition, MPF4
produces powerful antinociception to pre- and postoperative pain, similar to dipyrone
and morphine. Thus, the present results indicate that MPF4 might be of potential
interest in the development of new drugs for the management of inflammatory pain.
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Figure legends

Figure 1 - Time-courses for the effect of MPF4 (1.0 mmol/kg, i.p.) on mechanical
allodynia (A) and absence of the effect of MPF4 (1.0 mmol/kg, i.p.) in paw edema (B)
induced by CFA in mice. *p<0.05 denotes the significance level when compared with
vehicle- treated (rice oil) mice (two-way repeated measures (ANOVA) followed by
post hoc SNK test). # p<0.05 denotes the significance level when compared with
baseline (B) value 48 h before CFA injection. The point 0 on the X-axis represents
the measured mechanical allodynia or paw diameter immediately before drug
treatment (vehicle or MPF4 1.0 mmol/kg). The results represent the mean + S.E.M. of

10-11 animals.

Figure 2 - Time-courses for the effect of MPF4 (0.1-1.0 mmol/kg, p.o.) (A), dipyrone
(1.0 mmol/kg, p.o.) and morphine (0.026 mmol/kg, p.o) (B), on mechanical allodynia
and absence of the effect of MPF4 (1.0 mmol/kg, p.o.), dipyrone (1.0 mmol/kg, p.o.)
and morphine (0.026 mmol/kg, p.o) in paw edema (C), induced by CFA in mice.
*p<0.05 denotes the significance level when compared with vehicle -treated (20%
PEG) mice (two—way repeated measures (ANOVA) followed by SNK test). ¥p<0.05
denotes the significance level when compared with baseline (B) value 48 h before
CFA injection. The point 0 on the X-axis represents the measured mechanical
allodynia or paw diameter immediately before drug treatment. The results represent

the mean = S.E.M. of 6-9 animals

Figure 3 - Time-courses for the preemptive (A) or curative (B) effect of MPF4 (1.0

mmol/kg, p.o.), dipyrone (1.0 mmol/kg, p.o.) and morphine (0.026 mmol/kg, p.o) on
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mechanical allodynia caused by skin incision. *p<0.05 denotes the significance level
when compared with vehicle-treated (20% PEG) mice (two-way repeated measures
(ANOVA) followed by SNK test). ¥p<0.05 denotes the significance level when
compared with baseline value (B) before incision.The results represent the mean +

S.E.M. of 7-9 animals.
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Table 1 Effect of the MPF4, dipyrone and morphine oral administration on the latency for the first fall
and on the number of falls from the rotaroad

77

Treatment Fall latency (s) Number of falls
(mmol/kg) 0.5h 1h 2h 4h 0.5h 1h 2h 4h
Saline 721+ 83.5+ 127.7+ 197.0+ 3.4+ 2.5+ 1.6+ 0.6 +
22.4 20.7 32.4 16.6 0.5 0.5 0.5 0.3
20% PEG 83.6+ 104.6+ 205.0+ 212.0+ 2.2+ 1.6+ 0.6+ 0.2+
29.2 21.4 19.6 27.6 0.5 0.3 0.3 0.2
MPF4 (1.0) 60.6+ 155.8+ 164.0 210.0+ 2.6+ 1.0 0.5+ 0.3%
5.2 28.4 44.6 30.0 0.4 0.4 0.3 0.3
Dipyrone(1.0) 82.6+ 140.3 119.0+ 194.3+ 2.2+ 0.8+ 0.6+ 0.3+
31.8 45.7 42.1 8.2 0.6 0.5 0.3 0.2
Morphine (0.026) 82.3¢ 114.3+ 208.3+ 2071+ 2.0+ 1.2+ 0.6+ 0.2+
33.5 32.6 24.5 325 0.5 0.5 0.4 0.2

Data are means + S.E.M. N= 6-7 number of animals in each group.

Table 2 Effect of the MPF4, dipyrone and morphine oral administration on the number of crossings

and rearings in

open-field test in mice

Treatment ) .
Crossings Rearings
(mmol/kg)
0.5h 1h 2h 4h 0.5h 1h 2h 4h

Saline 28.7+ 3.1 253+27 | 235+40 15.0+5.0 120+15 7.8+20 56+1.7 | 3.5+£1.6
20% PEG 25.6+6.2 23.5+5.0 17.0+20 13.7+2.0 12.5+3.0 6.7+25 55+12 | 52+1.3
MPF4 (1.0) 33.6+8.8 31.2+11.0 | 18.0+4.0 14.0 £2.0 10.5 £1.0 7.7+6.0 42+0.7 | 3.5+0.9
Dipyrone (1.0) 26.6£5.2 16.0 £ 2.0 16.5+3.0 14.0+3.0 12025 37+ 20 42+1.0 | 4508
Morphine (0.026) 34.0+£8.0 36.5+£80 |325+7.0 26.0£6.0 70+15 3.7 £0.6 40+ 0.8 | 3.5+1.7

Data are means + S.E.M

. N= 6-7 number of animals in each group.
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5 DISCUSSAO

A dor é um sintoma que afeta milhares de individuos diariamente, sendo
comum a muitas patologias. Embora exista uma ampla gama de analgésicos
disponiveis no mercado, estes possuem efeitos adversos que acabam por limitar o
tratamento terapéutico. Além disto, alguns tipos de dor sao refratarias aos
analgésicos disponiveis (MENDELL & SAHENK, 2003). Portanto, € bem conhecido o
grande interesse das companhias farmacéuticas no desenvolvimento de compostos
mais efetivos e seguros para o tratamento da dor.

Neste contexto, os resultados obtidos no presente estudo confirmam e
estendem os dados da literatura que revelam que para o tratamento da dor,
compostos contendo o nucleo pirazélico sao promissores. O tratamento sistémico
dos animais com os pirazois inéditos MPF3, MPF4, MPCI3 e MPCI4, foi efetivo em
inibir a nocicepgdo em modelos de dor induzida por estimulo nocivo quimico
(formalina) e térmico (placa-quente).

Além disso, o pirazol MPF4 foi efetivo no tratamento da nocicepcéao
inflamatadria crénica induzida pela administragdo de Adjuvante Completo de Freund
(ACF) e dor inflamatéria aguda causada por incisdo na pata de camundongos. O
efeito de MPF4 na nocicepgao térmica ndo foi revertido pelo pré-tratamento dos
animais com ioimbina ou PCPA, mas sim, pelo antagonista opidide nao seletivo
naloxona. Em adicdo, o tratamento dos animais durante um periodo de oito dias
consecutivos com MPF4, ao contrario daqueles tratados com morfina, nao
desenvolveram tolerancia antinociceptiva, nem tolerancia cruzada com os animais
tolerantes a morfina. Similar ao opidide morfina, MPF4 inibiu o TGl de camundongos
tratados agudamente, sendo este efeito revertido por naloxona. Além disso, diferente
do AINE tradicional indometacina, a administragcado oral de MPF4 nao desenvolveu
les&o gastrica em camundongos.

Varios modelos de nocicepcdo podem ser utilizados para avaliar a atividade
antinociceptiva de diferentes compostos. No entanto, de uma maneira geral, esses
modelos possuem caracteristicas préprias que devem ser consideradas, tais como

simplicidade, reprodutibilidade, validade dos resultados obtidos, e principalmente, a
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possibilidade de serem correlacionados com estudos clinicos (BESSON, 1999; LE
BARS et al., 2001).

O modelo de dor induzido pela injecédo intraplantar de formalina, € uma das
ferramentas mais usadas para pesquisa de compostos com agao antinociceptiva
(HUNSKAAR & HOLE, 1987; McNAMARA et al., 2007). O modelo da formalina é
caracterizado por dois tipos distintos de nocicepg¢ao: a nocicepgdo neurogénica
(primeira fase) e a nocicepgdo inflamatoria (segunda fase). A primeira fase da
nocicepgao, causada pela formalina, envolve principalmente a estimulagdo das
fibras aferentes do tipo C, que induzem um comportamento de dor de lamber ou
morder a pata injetada (SHIBATA et al., 1989; TJOLSEN et al., 1992).

Recentemente, foi demonstrado que a formalina pode ativar os nociceptores
pela sua interacdo direta com o receptor de potencial transitério tipo anquirina 1
(TRPA1) (McNAMARA et al., 2007). A formalina também é capaz de degranular
mastoécitos causando a liberacdo de histamina e serotonina (PARADA et al., 2001).
A ativacdo do nociceptor por histamina e serotonina libera neuropeptideos dos
terminais periféricos dos aferentes primarios, como substancia P, neurocinina A,
neurocinina B e peptideo relacionado ao gene da calcitonina (CGRP) (SANTOS &
CALIXTO, 1997), além de aminoacidos excitatérios como glutamato e aspartato
(OMOTE et al., 1998). Estes mediadores quimicos parecem ser 0s responsaveis
pela nocicepgédo transitéria observada nos primeiros cinco minutos apos a injecéo de
formalina.

A entrada de estimulos nociceptivos no SNC ativa as vias descendentes
inibitorias analgésicas, e comportamentalmente, pode ser observada uma interfase
entre cinco a quinze minutos apdés a aplicacdo de formalina, periodo no qual
praticamente nao é observada resposta nociceptiva (MILLAN, 2002).

Por outro lado, a liberagdo de mediadores nociceptivos, durante a primeira
fase do teste da formalina, causa extravasamento plasmatico, vasodilacdo de
capilares vizinhos, ativagdo de fibras simpaticas, de mastécitos e de macréfagos.
Este processo também induz a liberacdo de mais mediadores do processo
inflamatorio, tais como as cininas, prostaglandinas, citocinas, dentre outros
(SHIBATA et al., 1989; CORREA & CALIXTO, 1993). Este conjunto de mediadores
inflamatérios produz sensibilizagdo das vias periféricas e centrais de condugao da

dor, caracteristica da segunda fase da nocicepgéao (fase inflamatéria), observada de
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quinze a trinta minutos apds a aplicagao da formalina (HUNSKAAR & HOLE, 1987;
TJOLSEN et al., 1992).

A acgao de drogas analgésicas é diferente na primeira e segunda fase do teste
da formalina. Os opidides que possuem acdo primariamente central inibem as duas
fases similarmente. Porém, analgésicos nao opidides (como a dipirona, por
exemplo), os quais possuem acado central e periférica, produzem efeito
antinociceptivo em ambas as fases, mas particularmente na segunda, a qual é
inibida por doses menores que a primeira fase (HUNSKAAR & HOLE, 1987,
SHIBATA et al., 1989).

Similar aos analgésicos nao opidides, os compostos avaliados no presente
estudo, apresentaram maior poténcia e eficacia em inibir a segunda fase da resposta
algica do modelo de nocicepgao induzida por formalina. Contudo, em relagdo aos
pirazéis trifluormetil substituidos (MPF3 e MPF4), posicionando o susbtituinte metila
na posicao 3 do anel pirazdlico (MPF3), ha uma redugao na poténcia do composto
na nocicepgao causada por formalina. Por outro lado, para os compostos
triclorometil substituidos analogos (MPCI3 e MPCI4), ocorreu um aumento na
eficacia em ambas as fases do teste de nocicepgao induzido por formalina (MPCI3).
No entanto, & oportuno enfatizar que um maior numero de compostos analogos
devem ser sintetizados e avaliados para realizar uma relagdo estrutura quimica-
atividade bioldgica mais completa.

A fim de obter a confirmacdo do efeito antinociceptivo dos compostos
testados, avaliando-os frente a outro tipo de estimulo nocivo, utilizou-se o teste da
placa-quente. Este modelo de dor, diferente do teste da formalina, mede a resposta
nociceptiva a um breve estimulo nocivo. No teste da placa quente, o estimulo
térmico ativa nociceptores, que transmitem a informagéo nociceptiva aguda ao corno
dorsal da medula espinhal e, posteriormente, a centros corticais, produzindo uma
resposta nociceptiva organizada (MOGIL & ADHIKARI, 1999). Por este motivo a
placa quente é também um dos modelos mais utilizados no estudo de drogas
analgésicas, principalmente de drogas que possuem agdo no SNC, tais como
opidides (ANKIER, 1974; LE BARS et al., 2001).

Os resultados obtidos no presente estudo demostraram que os pirazois
avaliados aumentaram significativamente a laténcia dos animais na nocicepgéo

térmica quando analisada no teste da placa quente mantido a temperatura de 50°C.
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Além disso, verificou-se que MPF3 e MPF4, que possuem o grupamento
trifluormetil na posi¢cao 5 do anel pirazol, ao contrario dos analogos MPCI3 e MPCH4,
que apresentam o grupo triclorometil na posicdo 5 do anel pirazol, causaram
antinocicepg¢ao no teste da placa quente até 60 min apds sua administracdo. De
acordo com a literatura, a incorporagao de um atomo de fluor, em substituicdo ao
atomo de H, pode resultar em um composto metabolicamente mais estavel e com
maior lipossolubilidade (PARCK et al., 2001; BERGSTROM & SWARTLING, 1988).
Porém, estudos farmacocinéticos deverao ser desenvolvidos para melhor elucidar
esta questao.

O uso de estimulo nocivo térmico como ferramenta para avaliar a agao
antinociceptiva de analgeésicos ndo-opioides € controverso. Enquanto alguns estudos
demonstram que a dipirona produz antinocicepcdo em roedores contra a nocicepgao
térmica (BEIRITH et al., 1998; HERNANDEZ-DELGADILLO et al., 2003), outros
estudos nao verificaram tal efeito (AKMAN et al., 1996; TAYLOR et al., 1998).

As discrepancias na literatura sdo provavelmente devidas a intensidade do
estimulo térmico aplicado. De fato, o efeito antinociceptivo de analgésicos né&o
opioides, como o acido acetil salicilico e o paracetamol, pode ser facilmente
quantificado no teste da placa quente mantida a temperatura de 50°C (ANKIER,
1974). Em acordo, no presente estudo o analgésico n&o opidide dipirona (usado
como controle positivo) induziu antinocicepgdo no teste da placa-quente mantida a
temperatura 50°C, a qual ndo foi verificada a temperatura de 55°C (dado néo
mostrado).

Outro objetivo deste trabalho foi analisar alguns dos mecanismos pelos quais
os pirazdis poderiam estar promovendo seu efeito antinociceptivo. Para tal, foi
utilizado o modelo de nocicepcdo da placa quente, devido a praticidade deste
modelo. O composto escolhido foi o MPF4, devido a maior durabilidade do efeito
antinociceptivo apresentada pelos compostos trifluormetil subtituidos, bem como, a
maior poténcia e similar eficacia apresentada por MPF4 em relagdo ao seu analago
MPF3.

Na literatura, diferentes mecanismos sao propostos para a antinocicepgao
mediada por pirazois, entre eles, os sistemas noradrenégico, serotoninérgico e
opioidérgico parecem estar envolvidos (OCHI et al., 1999 b; OCHI; GOTO, 2000 a;
GODOY et al., 2004; TABARELLI et al., 2004).
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Godoy et al. (2004) verificaram o envolvimento do mecanismo noradrenérgico
a2 na agao antinociceptiva do pirazol MPCA. Porém, no presente estudo, os dados
obtidos sugerem que os receptores noradrenérgicos 0y parecem n&o estar
envolvidos na antinocicepgao causada por MPF4, pois o pré-tratamento dos animais
com ioimbina, na mesma dose que reverteu o efeito do agonista clonidina, néo
reverteu a agao antinociceptiva de MPF4.

Da mesma forma, o mecanismo serotoninérgico endégeno, o qual pode estar
envolvido na antinocicepgao da dipirona parece nao interferir na antinocicepcao de
MPF4. Esta afirmacao é sustentada pela observacao de que o pré-tratamento dos
animais com PCPA (inibidor da enzima triptofano hidroxilase, a qual é responsavel
pela sintese de serotonina), em uma dose que inibe a sintese de serotonina (DAILLY
et al., 2006), reverteu a antinocicepg¢ao causada por dipirona, mas nao interferiu na
antinocicepgao causada por MPF4. De fato, Miranda, Lemus e Pinardi (2003)
verificaram que o pré-tratamento dos animais com PCPA, reverteu o efeito
antinociceptivo de dipirona, diclofenaco e piroxicam no teste das contor¢des
abdominais e da retirada de cauda, sugerindo o envolvimento da rota
serotoninérgica descendente na antinocicepgcao destes compostos. Contudo, é
importante salientar que embora a sintese de 5-HT pareca n&o estar envolvida com
a antinocicepcdao de MPF4, uma possivel interacdo direta do MPF4 com os
receptores serotoninérgicos 5-HT ndo pode ser excluida.

Finalmente, a antinocicep¢ao produzida por MPF4 parece envolver o sistema
opidide. O pré-tratamento dos animais com o antagonista nédo seletivo naloxona,
reverteu completamente a antinocicepcao induzida pela morfina, na mesma dose
que reverteu a atividade antinociceptiva causada por MPF4 no teste da placa quente
e na fase inflamatdria do teste da formalina.

Diferente da fase inflamatdria, na fase neurogénica, verificou-se apenas uma
tendéncia da naloxona em reverter a antinocicepcédo provocada por MPF4, a qual
nao foi significativa. Isto sugere que o efeito antinociceptivo de MPF4 na fase
neurogénica do teste da formalina pode envolver outros mecanismos além do
sistema opidide. Em adigdo, o tratamento combinado dos animais com MPF4 e
morfina produziu um efeito aditivo na antinocicepgdo, ou seja, um efeito
antinociceptivo igual a soma daquele produzido por cada droga individualmente. A
administracdo combinada de AINEs com opidides pode produzir um aumento no

efeito antinociceptivo (SANDRINI et al., 1998; ZELCER et al., 2005). De fato, a co-
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administracdo de dipirona aumenta o efeito antinociceptivo da morfina, por um
mecanismo que parece envolver, principalmente, o sistema opidide enddgeno
(TAYLOR et al, 1998; AGUIRRE-BANUELOS & GRANADOS-SOTO, 1999;
HERNANDEZ-DELGADILLO et al., 2002; HERNANDEZ-DELGADILLO & CRUZ,
2006).

Na literatura, ensaios de ligacdo especifica demonstram que pirazdis, tais
como dipirona e FR140423 n&o se ligam diretamente aos receptores opidides
(POPOVA & STANEVA-STOYCHEVA, 1989; OCHI et al., 1999 b). Contudo, a agao
antinociceptiva destes pirazbis parece estar relacionada a liberacdo de opidides
enddgenos (VLASKOVSKA, 1989; OCHI et al., 2000; HERNANDEZ & VANEGAS,
2001; VASQUEZ et al., 2005).

Portanto, é importante salientar que os resultados deste estudo sugerem que
o sistema opidide esta envolvido na mediac¢ao da atividade antinociceptiva de MPF4.
Entretanto, estudos adicionais sao necessarios para indicar qual o tipo de receptor
envolvido, bem como, se o efeito antinociceptivo de MPF4 é devido a sua ligagéo
direta ao receptor opidide ou se é mediado indiretamente, via liberacdo de opidides
enddgenos.

Devido a possibilidade do envolvimento do mecanismo opidide na
antinocicepgao produzida por MPF4, julgou-se oportuno, verificar o se MPF4
compartilha de alguns efeitos adversos comumentes apresentados pela classe de
opidides, tais como a constipagcdo e a tolerdncia ao efeito antinociceptivo. A
constipacdo € um dos mais comuns efeitos adversos que aparece com o uso de
analgésicos opidides. Entretanto, o desenvolvimento da constipacdo se difere do
desenvolvimento de tolerancia ao efeito analgésico. Enquanto a tolerancia ao efeito
analgésico ocorre somente apds repetidas administragdes, a constipagao aparece
apos a primeira administragao de morfina (KROMER, 1988).

Um dos métodos mais utilizados para avaliar a inibigado do TGl em roedores é
através da administragdo oral de uma suspensdo aquosa de carvao vegetal, onde a
distancia percorrida pelo carvdo no intestino do animal representa a medida da
motilidade gastrica (MITTELSTARDT, 2005). No presente estudo, similarmente a
morfina, 0 MPF4 produziu inibicdo do TGl apés uma unica administracdo. Porém, a
inibicdo do TGI causada por MPF4 foi menor que a inibicdo causada pelo opidide

morfina. Contudo, similar ao resultado observado no teste de nocicepg¢do, o
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antagonista opidide nao seletivo naloxona reverteu a inibicdo do TGl causada por
morfina, na mesma dose que reverteu a inibicdo do TGI causada por MPF4.

A inibicdo do TGI provocada por opidides parece estar associada ao efeito
analgésico, visto que, o efeito da morfina no TGl € mediado principalmente por
receptores p opidides localizados em nivel central e periférico (KROMER, 1988;
PUIG & POL, 1997). De fato, o agonista seletivo y (DAMGO) e morfina produzem
maior efeito analgésico e maior inibicdo do TGl do que o agonista seletivo &
(DPDPE) e o agonista seletivo kappa (U-50488) (PORRECA et al.,, 1984). Além
disso, a inibicdo do TGl provocada por opidides pode ser mediada por opidides
endoégenos presentes no sistema gastrintestinal (KROMER, 1988). Em adicao, os
resultados obtidos neste estudo confirmam dados da literatura que mostram que a
dipirona ndo causa inibicdo do TGl em roedores (HERNANDEZ-DELGADILLO et al.,
2002).

Ja a tolerancia analgésica, como um efeito adverso de opidides, € uma
resposta adaptativa. Repetidas administragbes de morfina reduzem gradualmente
sua eficacia analgésica, desencadeando o fenbmeno conhecido como tolerancia
analgésica, a qual também parece estar mais ligada ao receptor opidide y (WONG et
al., 1996; PASTERNAK, 2001).

No presente estudo, apds o tratamento diario dos animais com morfina (uma
vez ao dia), durante oito dias consecutivos, observou-se o aparecimento de
tolerancia ao efeito antinociceptivo. Porém, quando o mesmo protocolo experimental
foi aplicado ao MPF4, a tolerancia ao efeito antinociceptivo ndo foi observada. E
descrito na literatura que administragcoes repetidas de morfina podem desenvolver
tolerdncia ndo somente a prépria morfina, mas também a outras drogas que agem
pelo mesmo mecanismo, sendo esse efeito conhecido como tolerdncia cruzada
(COLLETT, 1998; PASTERNAK, 2001). Contudo, no presente estudo, nao foi
observada toleréncia cruzada entre a agao antinociceptiva da morfina e MPF4, nas
condigdes experimentais avaliadas.

A dor que requer intervengcao clinica é freqlentemente associada com
inflamacdo. A inflamacado pode resultar de dano tecidual (por exemplo, incisdo
cirurgica), de exposicdo a um estimulo quimico (por exemplo, picada de abelha), ou
de processos autoimunes (por exemplo, na artrite reumatoide). Os tratamentos

terapéuticos disponiveis, algumas vezes, apresentam eficacia limitada, em particular
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no tratamento da dor inflamatéria crénica como nos casos de artrite (McDOUGALL,
2006).

Devido a alta efetividade de MPF4 em inibir a segunda fase do teste da
formalina, e somando-se ao fato da grande dificuldade de tratamento da dor
inflamatdria, julgou-se oportuno avaliar a agao deste composto em modelos de dor
inflamatdéria. Para isso foram utilizados o modelo de dor inflamatéria cronica,
induzida pela aplicac&o intraplantar de ACF e o modelo de dor inflamatodria aguda,
provocada por incisao plantar.

Tanto a dor causada por ACF quanto a dor causada por incisdo geram um
estado de hiperexcitabilidade periférica e central dando origem aos fenédmenos
conhecidos como hiperalgesia e alodinia (BRENNAN et al., 1996; NAGAKURA et al.,
2003). Considerando-se que a alodinia mecanica (dor patoldgica e persistente que é
produzida por estimulos mecanicos anteriormente indécuos) € um dos sintomas
clinicos mais comuns em casos de dor patoldgica, investigou-se no presente estudo
a possivel propriedade antialodinica de MPF4 frente a um estimulo mecanico.

A injegao intraplantar de ACF (composto por Mycobacterium tuberculosis
inativadas por calor) em animais produz uma condi¢ao inflamatdria crénica, que tem
similaridade com doengas crénicas humanas, tais como a artrite reumatdide e as
inflamacdes graves nas articulagdes, por isso é extensamente utilizado como
modelo experimental (HOGAN, 2002).

O mecanismo da dor inflamatéria mediada por ACF parece envolver uma
sensibilizacdo local do nociceptor (sensibilizacdo periférica), sensibilizacdo de
neurénios no corno dorsal da medula (sensibilizagdo central) e ativacdo do sistema
imune. Aumento nos niveis de prostaglandina E, no liquido cérebro espinhal e
aumento nos niveis de TNFa na pata inflamada e na pata contralateral de animais
injetados com CFA, também reforgcam a hipotese de processo sistémico (WOOLF et
al., 1997; SAMAD et al., 2001).

No presente estudo, a injegao intraplantar de ACF produziu uma acentuada
alodinia mecanica na pata injetada dos animais, 48 horas apos sua administragao.
Um fato interessante é que o tratamento dos animais com MPF4, administrado por
via intraperitoneal ou oral, foi similarmente eficaz em inibir a alodinia mecénica
induzida por ACF, um efeito que iniciou 30 minutos apds sua administracdo e que

perdurou até quatro horas.
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Diferente da grande parte das drogas analgésicas utilizadas na clinica, o
MPF4 apresentou praticamente a mesma eficacia quando administrado por via oral e
por via intraperitoneal, sugerindo que a sua biodisponibilidade €& praticamente a
mesma quando administrado por ambas as vias. Porém, estudos farmacocinéticos
especificos deverao ser realizados para avaliar melhor esta possibilidade.

A administragdo de ACF também causou edema na pata injetada dos animais,
porém ao contrario da ag¢ao antialodinica, o MPF4 nao foi eficaz em diminuir o
edema produzido por ACF.

Tendo em vista que o uso da via oral em humanos € a mais utilizada, devido
as inumeras vantagens apresentadas por sua utilizagdo, tais como seguranga,
praticidade e economia (BUXTON, 2006), optou-se somente pela administragcéo oral
em experimentos realizados posteriormente.

Com a finalidade de comparar o MPF4 com analgésicos mais comumentes
utilizados na clinica, foram realizados experimentos paralelos utilizando dipirona e
morfina. Os dados obtidos demonstram que nas condi¢cdes experimentais avaliadas,
de maneira semelhante a dipirona e a morfina, o MPF4 possui efeito antialodinico na
dor inflamatéria crénica induzida por ACF, e como estes, ndo apresenta efeito
antiedematogénico.

Os AINEs tradicionais e os inibidores seletivos da COX-2 parecem ser efetivos
em diminuir a alodinia e o edema de pata induzido por ACF (ENGELHARDT et al.,
1995; OCHI & GOTO, 2000). Os AINEs atipicos como a dipirona parecem ser mais
potentes como antihiperalgésicos do que antiedematogénicos (TATSUO et al.,
1994). Ja os opidides, como a morfina, parecem ser eficazes em inibir a alodinia
induzida por ACF, porém nao diminuem o edema desenvolvido (FRASER et al.,
2000, NAGAKURA, 2003; LI & ZHAO, 2003).

Além da dor inflamatdria crbnica, a dor inflamatéria aguda também é um
problema atual. Na clinica, o controle da dor pds-operatoria mostra-se ainda pouco
eficaz, pois em torno de 41% dos casos, 0os pacientes pos-cirurgicos sentem dor
moderada a intensa (DOLIN et al., 2002; KHELET et al., 2006).

Neste contexto, nos ultimos anos esforgcos tém sido direcionados a fim de
elucidar os mecanismos da dor pos-cirurgica (ZAHN et al., 2002; ZAHN et al., 2005).
A incisédo induz hiperalgesia e alodinia devido a sensibilizagdo do aferente primario
na pata incisionada, que resulta em um aumento na excitabilidade da rota

nociceptiva central (BRENNAN et al., 1996). De fato, estudos eletrofisiolégicos no
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modelo de dor incisonal demonstram que a sensibilizagdo periférica de nociceptores
C e A & contribuem para o aumento da excitabilidade de neurénios no corno dorsal
da medula espinhal (POGATZKI et al., 2002).

O modelo de dor induzida por incisdo plantar, € uma ferramenta amplamente
utilizada para estudo experimental da dor pds-operatéria, devido as similaridades
com a dor pos-operatéria em humanos (BRENNAN et al., 1996; POGATZKI & RAJA,
2003; KEHLET et al., 2006). Além disso, o perfil farmacologico de diferentes classes
de analgésicos no modelo de dor incisional parece ser muito similar ao obtido na
clinica. A administracdo oral de AINEs, como a indometacina ou de inibidores
seletivos da COX-2, reduzem a hiperalgesia e a alodinia mecanica induzida por
incisdo plantar em ratos (WHITESIDE et al., 2004). Opioides, como a morfina,
também reduzem a dor pds-operatéria quando administrados antes ou apds o
procedimento incisional por via intratecal ou subcutanea em ratos, porém, em uma
dose que frequentemente causa sedacado (ZAHN et al., 1997; WHITESIDE et al.,
2004). Além disso, estudos clinicos demonstram que dipirona e paracetamol
reduzem a dor péds-operatéria em humanos com minimos efeitos adversos
(GRUNDMANN et al., 2006).

No presente estudo, o procedimento incisional na superficie plantar da pata
traseira dos animais provocou uma acentuada alodinia mecanica. O tratamento dos
animais com MPF4, dipirona ou morfina, decresceu a alodinia mecanica induzida por
incisdo quando administrados antes ou apds o procedimento incisional. Um dado
interessante obtido é o fato de que a administracao oral destes compostos produziu
efeito profilatico (quando administrados antes do procedimento incisional) e
terapéutico (quando administrados apdés o procedimento incisional), com similar
eficacia antinociceptiva.

Estes resultados estdo de acordo com os dados obtidos por Prado e Pontes
(2002), que nao verificaram diferenca significativa na eficacia antialodinica produzida
pela administragcdo intraperitoneal de morfina, dipirona e diclofenaco, quando
administrados antes ou apds o procedimento incisional. Da mesma forma, Ochi et
al., (2003) verificaram que a administracao oral do pirazol FR140423 inibiu a
hiperalgesia mecanica induzida por incisdo em ratos, um efeito que iniciou 30
minutos apds sua administragdo e perdurou até quatro horas. Além disso, o efeito
antinociceptivo de FR140423 foi revertido pelo antagonista & opidide (naltrindol),

mas nao pelo antagonista « (norbinaltorfimina) ou antagonista y (naloxonazina).
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Neste contexto, 0 MPF4 apresentou atividade antinociceptiva quando avaliado
no modelo de nocicepgéao induzida por CFA e por incisdo em camundongos, porém,
estudos adicionais sdo necessarios para indicar qual o mecanismo envolvido na
atividade antinociceptiva de MPF4 na dor inflamatodria.

Sabe-se que um fator importante a ser descartado em experimentos
destinados a avaliar a agdo antinociceptiva de novos compostos, € se o tratamento
farmacologico causa outras alteragbes comportamentais, tais como incoordenagéo
motora e sedacdo, os quais podem produzir uma resposta antinociceptiva falso-
positiva (JANSSEN, 1976; HAYES & TYERS, 1983; TABARELLI et al., 2004). Neste
sentido, a maior fonte de erros em estudos sobre drogas que interferem na
transmissao da resposta nociceptiva € a modificagdo na performance motora do
animal (MILLAN, 2002).

A fim de eliminar a possibilidade de que os pirazois avaliados no presente
estudo, possam estar provocando alteragbes no comportamento dos animais,
confundindo efeitos musculo-relaxantes e/ou sedativos com antinocicepc¢ao, foi
avaliado o comportamento motor e exploratério dos animais. Os resultados obtidos
demonstraram que nenhum dos compostos avaliados, nas doses que causam
antinocicepgao, provocaram dano motor, quando avaliados pela locomogao forcada
no teste do cilindro giratério (rotarod) ou alteragdo na locomogédo espontédnea no
teste do campo aberto (open-field).

Outro dado interessante observado no presente estudo é que, ao contrario do
AINE tradicional indometacina (usada como controle positivo), o MPF4 nao causou
lesdo gastrica nos animais, quando administrado na dose que causa maior efeito
antinociceptivo. Portanto, nas condigbes experimentais avaliadas, sugere-se que 0
MPF4, administrado em uma dose dez vezes maior que a indometacina, possui um
menor potencial em causar lesdo gastrica em camundongos. Este € um dado
relevante, pois na clinica a incidéncia de ulcera em pacientes que fazem tratamento
com AINEs tradicionais chega a 30%, e as complicagbes gastrintestinais
representam a principal causa de mortalidade induzida por esta classe de farmacos
(HENRY et al., 1996; BRUNE & HINZ, 2004).

Analisados em conjunto, esses resultados permitem sugerir que os pirazois
avaliados no presente estudo, em especial o composto MPF4, parecem ser
promissores para o desenvolvimento de novas drogas analgésicas terapeuticamente

relevantes. Contudo, estudos posteriores devem ser realizados a fim de verificar o
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exato mecanismo de acao, caracteristicas farmacocinéticas e possiveis efeitos

téxicos produzidos por estes pirazois inéditos.
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6 CONCLUSOES

que:

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

v' Os pirazéis trialometil substituidos inéditos MPF3, MPF4, MPCI3 e MPCI4
apresentaram efeito antinociceptivo em modelos de nocicepgdo aguda
induzida por estimulo quimico (teste da formalina) e estimulo térmico (teste
da placa quente) em camundongos.

v" Nenhum dos compostos avaliados, nas doses que causam antinocicepgao,
provocaram dano motor, quando avaliados pela locomocédo forgcada no
teste do cilindro giratério ou alteragdo na locomogéo esponténea no teste
do campo aberto. Portanto, a atividade antinociceptiva dos pirazois
trialometil substituidos inéditos MPF3, MPF4, MPCI3 e MPCI4 n&o esta
relacionada com efeito inespecifico sobre a atividade locomotora.

v' O pré-tratamento dos animais com o antagonista opidide naloxona,
reverteu a antinocicepg¢ao induzida por MPF4. Assim, o sistema opidide
parece ser o responsavel pela atividade antinociceptiva do MPF4.

v" O tratamento dos animais durante oito dias consecutivos com o MPF4 nao
causou alteracdo no tempo de laténcia dos animais no teste da placa
qguente, bem como, quando administrado em animais tolerantes a morfina.
Desta forma, o MPF4 nao produziu tolerancia antinociceptiva, nem
tolerancia cruzada com a morfina, sob as condigcbes experimentais
avaliadas.

v" O MPF4 produziu inibicdo do TGl em camundongos, porém, a inibicdo do
TGl causada por MPF4 foi menor que a inibicdo causada pela morfina.
Assim, o MPF4 inibiu o TGI de camundongos com menor eficacia que o
opidide morfina.

v O MPF4 possui efeito antinociceptivo no modelo de nocicepgdo
inflamatdria crénica causada por ACF e no modelo de nocicepgéao
inflamatdria aguda induzida por incisdo na pata em camundongos.

v O MPF4 néao causou o aparecimento de lesdo gastrica em camundongos,

nas condi¢des experimentais avaliadas.
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7 PERSPECTIVAS

Tendo em vista os promissores resultados obtidos nesta tese, os
conhecimentos relacionados aos pirazéis inéditos avaliados, em especial MPF4,
podem ser aprofundados, ainda mais, seguindo as perspectivas abaixo:

v Reverter o efeito antinociceptivo de MPF4 com antagonistas seletivos de

opiodides

v Realizar estudo de ligagao especifica

v Dosar opidides enddégenos

v Realizar estudos de toxicidade

v' Realizar estudos de farmacocinética
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panels show all 3 drugs tested, although that is not what the figure legend states.
Moreover, there is no mention of Figure 3C, but this label exists as one panel in Figure 3.
Figure 3A and 3B do not clearly indicate preemptive or curative treatment. What is the
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