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RESUMO

Tese de Doutorado
Programa de Pos-Graduacao em Ciéncias Bioldgicas: Bioquimica Toxicolégica
Universidade Federal de Santa Maria

AVALIACAO DO POTENCIAL ANTINOCICEPTIVO DA Mirabilis
jalapaL. EM CAMUNDONGOS

AUTORA: CRISTIANI ISABEL BANDERO WALKER
ORIENTADOR: Prof. Dr. JULIANO FERREIRA
Data e Local da Defesa: Santa Maria, 09 de dezembro de 2010.

O conhecimento sobre o uso de plantas medicinais pela populagdo contribuiu
decisivamente para a terapéutica moderna e para a descoberta de importantes
mecanismos relacionados com o processo de transmissao e o tratamento da dor. Uma
planta muito utilizada pela medicina popular é a Mirabilis jalapa L. (Nyctaginaceae). A
infusdo das suas folhas é utilizada para o tratamento de doencgas inflamatorias ou
dolorosas, mas ainda n&o existem estudos confirmando o seu uso popular. No
presente trabalho, foi avaliado o potencial antinociceptivo da Mirabilis jalapa em
camundongos. A administracdo oral (v.0.) dos extratos brutos hidroetandlicos das
folhas e de caules foi efetiva em inibir a nocicep¢do com valor de Dls, de 5,5 (2,3—
13,1) e 18,0 (11,3-28,5) mg/kg, em um modelo de dor aguda induzida por estimulo
quimico (teste das contor¢bes abdominais induzidas por &cido acético). Entre as
fracOes testadas, a fracdo acetato de etila obtida das folhas (Eta, 10 mg/kg, v.0.) foi a
mais potente em induzir a antinocicepgdo com valor de Dls, de 1,1 (0,6-2,1) mg/kg.
Por isso, esta fracdo foi escolhida para a realizacdo de estudos posteriores. Além
disso, esses extratos também inibiram a nocicepg¢do induzida por estimulo térmico
(teste da imersdao de cauda). Em adicdo, a Eta (10 mg/kg, v.0.) produziu
antinocicepcdo em modelos de dor relacionada a artrite (causada por Adjuvante
Completo de Freund (ACF), dor neuropéatica (provocada pela ligagéo parcial do nervo
ciatico) e dor pés-cirargica (induzida por incisdo na pata de camundongos). Somente a
administracdo repetida da Eta provocou uma diminuicdo do edema de pata induzido
por ACF. Entretanto, a Eta ndo alterou o aumento dos niveis de interleucina 1-p
produzido por ACF. O efeito antinociceptivo da Eta (10 mg/kg, v.0.) ndo foi revertido
pelo pré-tratamento com naloxona (2 mg/kg, i.p.), mas sim, por atropina (5 mg/kg, s.c.)
ou mecamelamina (0,001 mg/kg, s.c.). Como houve a participacdo do sistema
colinérgico na antinocicepgéo induzida por esta fracdo, foi determinado o efeito da Eta
sobre a atividade da acetilcolinesterase (AChE) in vitro e ex vivo. A atividade in vitro da
acetilcolinesterase no sangue e na medula espinhal dos animais ndo foi alterada pela
Eta (1 e 10 pg/mL). J& no ensaio ex vivo, houve um aumento da atividade desta
enzima na medula espinhal de camundongos tratados com ACF, que foi
completamente revertida com a administracdo da Eta (10 mg/kg, v.0.). Com relacéo
aos efeitos adversos, a Eta (10 mg/kg, v.0.) ndo alterou a atividade locomotora,
temperatura corporal, transito gastrintestinal e nem produziu lesbes gastricas. Estes
resultados demonstraram que M. jalapa apresenta atividade antinociceptiva em
camundongos, confirmando o seu uso popular como analgésico.

Palavras-chaves: Mirabilis jalapa; fracdo acetato de etila; antinocicepcao; sistema
colinérgico; acetilcolinesterase.
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The knowledge about the use of medicinal plants by the population contributed
decisively to the modern therapy and the discovery of important mechanisms related to
the process of transmission and treatment of pain. A plant widely used in folk medicine
is Mirabilis jalapa L. (Nyctaginaceae). The infusion of its leaves is used for the
treatment of inflammatory and painful diseases; however, there are no studies
confirming its popular use. In this study, we evaluated the potential antinociceptive
effects of Mirabilis jalapa in mice. Oral administration (p.o.) of the crude hidroetanolic
extracts from leaves and stems inhibited the nociception with 1Ds, values of 5.5 (2.3 to
13.1) and 18.0 (11.3 to 28.5) mg/kg in a model of acute pain induced by chemical
stimulation (test of writhing induced by acetic acid). Among the fractions tested, the
ethyl acetate fraction from the leaves (Eta, 10 mg/kg, p.o.) was more effective and
potent to induce antinociception with IDsg value of 1.1 (0.6 to 2.1) mg/kg. Thus, this
fraction was chosen for further studies. Furthermore, these extracts also inhibited the
nociception induced by thermal stimulation (tail-flick test). In addition, Eta (10 mg/kg,
p.o.) produced antinociception in models of pain related to arthritis (caused by Freund's
Complete Adjuvant (CFA)), neuropathic pain (caused by partial sciatic nerve ligation)
and post-surgical pain (induced by incision in the paw of mice). Only the repetead
administrations of Eta (10 mg/kg, p.0.) cause a decrease in paw edema produced by
CFA. The antinociceptive effect of Eta (10 mg/kg, p.0.) was not reversed by
pretreatment with naloxone (2 mg/kg, i.p.), but by atropine (5 mg/kg, s.c.) or
mecamylamine (0.001 mg/kg, s.c.). As the participation of the cholinergic system in
antinociception was induced by this fraction, we determined the effect of Eta on the
activity of acetylcholinesterase (AChE) in vitro and ex vivo. The in vitro activity of AChE
in blood and spinal cord of animals was not altered by Eta (1 and 10 mg/mL). In the ex
Vivo assay, an increase of enzyme activity in the spinal cord of mice treated with CFA,
which was completely reversed with the administration of Eta (10 mg/kg, p.0.), was
observed. With regard to adverse effects, Eta (10 mg/kg, p.o.) did not alter locomotor
activity, body temperature or gastrointestinal transit, nor produced gastric lesions.
These results demonstrated that M. jalapa shows antinociceptive activity in mice,
confirming its popular use as an analgesic.

Key words: Mirabilis jalapa; ethyl acetate fraction; antinociception; colinergic system;
acetylcholinesterase.
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1. APRESENTACAO

Esta tese apresenta os resultados sob a forma de artigo e manuscrito, 0s
quais se encontram no item ARTIGO E MANUSCRITO CIENTIFICOS. As
secbes Materiais e Métodos, Resultados, Discussdo dos Resultados e
Referéncias Bibliograficas encontram-se no proprio artigo e manuscrito.

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

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citagdes
que aparecem nos itens INTRODUCAO, REVISAO BIBLIOGRAFICA e
DISCUSSAO desta tese.
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2. INTRODUCAO

Os transtornos dolorosos constituem um problema de salude publica,
podendo gerar repercussfes que incapacitam ou limitam as atividades normais
de um individuo (JULIUS e BASBAUM, 2001; PORRECA, OSSIPOV,
GEBHART, 2002).

Muitas pesquisas tém sido desenvolvidas para que se possa entender
melhor a génese do processo doloroso e, dessa forma, poder intervir
adequadamente. O uso de farmacos €, certamente, uma das condutas mais
empregadas no controle da dor. Infelizmente, nem todas as modalidades de
dor possuem um tratamento adequado. A maioria dos pacientes ndo responde
aos farmacos disponiveis ou, entdo, apresentam juntamente com o alivio da
dor, efeitos adversos que impedem a continuidade do tratamento (JULIUS e
BASBAUM, 2001).

Dessa forma, esses pacientes que néo obtiveram o resultado esperado
com o uso dos farmacos sintéticos, utilizam a fitoterapia como uma alternativa
para o controle da dor. O crescente numero de adeptos a fitoterapia tem
despertado o interesse de pesquisadores, pois o0s fitoterapicos apresentam
menores efeitos adversos que os medicamentos sintéticos e se mostram
aparentemente eficazes em casos onde a medicina tradicional ndo obteve o
resultado esperado (CALIXTO et al., 2000; MACIEL et al., 2002).

O conhecimento sobre as plantas medicinais simboliza muitas vezes o
anico recurso terapéutico de muitas comunidades e grupos étnicos. As
observacdes populares sobre o0 uso e a eficacia de plantas medicinais vém
contribuindo ao longo dos tempos de forma relevante para a divulgacdo das
provaveis acodes terapéuticas das plantas, prescritas com frequéncia pelos
efeitos farmacol6gicos que produzem, apesar de, a maioria delas, ndo terem
seus efeitos farmacologicos cientificamente comprovados (MACIEL et al.,
2002).

E comum entre os adeptos da fitoterapia o pensamento de que as
plantas medicinais de uso tradicional ja foram testadas e devido a isso, seriam
medicamentos eficazes e seguros, sem os efeitos colaterais comuns aos
produtos sintéticos. No entanto, é preciso ter muito cuidado, pois as plantas

medicinais possuem metabdlitos secundarios que podem ser toxicos ao
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organismo humano. Portanto, somente o uso tradicional ndo é suficiente para
validar as plantas medicinais como medicamentos eficazes e seguros e sim,
devem ser realizados estudos que comprovem a eficacia e a seguranca destas
plantas medicinais (LAPA et al., 1999 apud SIMOES et al., 2004).

Entre as inUmeras espécies vegetais encontradas no territdrio nacional
de interesse medicinal, encontra-se a Mirabilis jalapa pertencente a familia
Nyctaginaceae. Além do Brasil, esta planta € amplamente distribuida por
diversos paises, possuindo muitos usos etnofarmacéuticos que variam
conforme o local em que esta espécie € utilizada. No Brasil, as folhas da M.
jalapa séo utilizadas como analgésico e agente anti-inflamatério (SOMAVILLA
e CANTO-DOROW, 1996). No entanto, ndo existem estudos que confirmem
essas atividades. Entretanto, alguns trabalhos demonstraram que outras
plantas dessa mesma familia, tais como Boerhaavia difusa e Bougainvilla
spectabilis, apresentaram atividade antinociceptiva (HIRUMA-LIMA et al., 2000;
MALAIRAJAN et al., 2006).

Dessa maneira, a importancia deste estudo se justifica na investigacéo
das propriedades antinociceptivas da Mirabilis jalapa, tendo como base o seu

emprego na medicina tradicional.
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3. OBJETIVOS

3.1 Objetivo geral

Avaliar o potencial antinociceptivo da Mirabilis jalapa em camundongos.

3.2 Objetivos especificos

1. Verificar o potencial antinociceptivo do extrato bruto do caule e das
folnas da Mirabilis jalapa e suas fracbes em modelos de nocicepcgéo
transitéria e aguda;

2. Investigar o potencial antinociceptivo da fracdo acetato de etila das
folhas da Mirabilis jalapa em modelos de nocicepcao inflamatéria aguda

ou crdnica de origem inflamatéria e neuropética;

3. Avaliar a participacao do sistema opiodide e colinérgico no mecanismo de

acao envolvido na atividade antinociceptiva da Mirabilis jalapa;

4. Elucidar alguns possiveis efeitos adversos que podem ser provocados
pela Mirabilis jalapa.
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4. REVISAO BIBLIOGRAFICA

4.1 Dor e nocicepcao

Uma das modalidades sensoriais que atraem profunda atencédo da
comunidade cientifica por sua importancia clinica é a experiéncia dolorosa. De
acordo com o Comité de Taxonomia da Associacao Internacional para o Estudo
da Dor (I.A.S.P.), a dor € definida como “uma experiéncia sensorial e emocional
desagradavel associada a uma leséo tecidual real, ou potencial; ou descrita em
termos de tal dano” (LOESER e TREEDE, 2008).

A sensacao de dor tem um papel fisiolégico importante, funcionando
como um dos principais sintomas clinicos de alerta para a deteccao de algo
que ameace a integridade fisica do organismo (CHAPMAN e GAVRIN, 1999;
WATKINS e MAIER, 2002). Porém, a dor quando persistente provoca reacdes
emocionais desagradaveis, tornando-se debilitante e causadora de sofrimento
(CHAPMAN e GAVRIN, 1999; JULIUS e BASBAUM, 2001).

Os processos dolorosos afetam milhdes de pessoas por todo o mundo,
alterando as funcdes fisicas e emocionais, induzindo ansiedade e depresséao,
diminuindo a qualidade de vida e dificultando a capacidade de trabalho. De
acordo com pesquisa realizada em 1998 pela Organizacdo Mundial de Saude,
22% dos pacientes que procuraram servigcos primarios de saude nos cinco
continentes sofriam de algum tipo de dor persistente durante seu ultimo ano de
vida (ASHBURN e STAATS, 1999).

A sensacdo dolorosa, geralmente acompanha a maioria das
enfermidades da humanidade. Assim como outras sensac¢des, a dor pode ser
modulada por uma série de experiéncias comportamentais, pois hdo envolve
somente a transmissdo do estimulo nocivo, mas também diferentes fatores
emocionais, sociais, culturais ambientais e cognitivos (RUSSO e BROSE,
1998; JULIUS e BASBAUM, 2001).

Além da experiéncia emocional, a dor pode estar associada a um
componente sensorial, denominado nocicep¢cédo. Os termos nocicepcao e dor

ndo devem ser confundidos, pois um pode ocorrer sem 0 outro. A nocicepgao é
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uma sensacdo (como a visual, a auditiva e a gustativa) e a dor é a percepcao
desta sensacdo. Em se tratando da utilizacdo de modelos experimentais de dor
em animais, € mais adequado usar-se 0 termo nocicep¢do, uma vez que 0S
animais ndo sdo capazes de verbalizar os componentes subjetivos da dor.
Logo, os termos dor e analgesia sdo mais apropriados para o ser humano,
enguanto nocicepc¢do e antinocicepgdo sao mais adequados para 0s animais
(JONES, 1992, LOESER e TREEDE, 2008).

A nocicepcado desencadeia no animal comportamentos tipicos, como
lamber ou morder a area lesada, vocalizacao, ou reflexo de retirar a parte do
corpo agredida do contato com o estimulo nocivo. As drogas que suprimem 0s
comportamentos nociceptivos sdo denominadas antinociceptivas, e aquelas
que o induzem sdo chamadas de prdo-nociceptivas ou algogénicas. Convém
lembrar, que as drogas antinociceptivas ndo s&o, obrigatoriamente,
analgésicas, visto que a supressdo do comportamento nociceptivo pode ser
desencadeada por outros fatores, como prejuizo motor e sedacao, que diferem
de analgesia (WALKER, FOX e URBAN, 1999).

Existem varias formas de classificar a dor, sendo que um dos critérios
mais adotados é a sua duracgéo ao longo do tempo. A dor pode ser classificada
como transitoria, aguda ou crbnica. A dor transitéria tem funcdo de alerta,
caracteriza-se por ser de curta duracdo (alguns segundos), desaparecendo
com a resolucéo do processo que a originou. Neste tipo de dor, a ativacdo dos
nociceptores é feita na auséncia de qualquer dano tecidual, e desempenha
funcdo protetora do organismo contra possiveis danos teciduais. Um exemplo
deste tipo de dor é o contato com uma chapa quente (LOESER e MELZACK,
1999).

A dor aguda tem duracgédo variavel (dias a meses), e € fundamental para
que o individuo proteja o 6rgao lesado, e facilite a sua recuperacéo. Ja na dor
aguda ocorre uma leséo e ativagdo de nociceptores no sitio lesionado. A dor
pos-operatéria, que consiste na dor apresentada ap0s um procedimento
cirdrgico, € um exemplo de dor aguda. Diferentemente do que ocorre em outras
dores agudas, neste tipo de dor podem ser utilizadas estratégias terapéuticas
capazes de prevenir o aparecimento da dor apdés uma cirurgia (analgesia

preventiva), assim como tratamentos que visem aliviar a dor ja instalada no
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periodo poés-operatério (LOESER e MELZACK, 1999; POGATZKI-ZAHN,
ZAHN, BRENNAN, 2007). O tratamento farmacologico da dor aguda € pouco
eficaz utilizando-se os farmacos existentes no mercado (PORTENOY e
LESAGE, 1999).

A dor crbnica esta associada ao dano tecidual, inflamacdo ou
neuropatologias em que ocorrem modificacdes na sensibilidade a nocicepgéo,
alterando a relacdo entre o estimulo e a resposta e afetando a modulacdo do
estado doloroso resultante. Esta persiste além do tempo necessario para a
cura da lesdo, estendendo-se por meses ou anos, muitas vezes, mesmo na
auséncia de qualquer lesao tecidual. As dores crénicas mais comuns incluem a
neuralgia do trigémio, a fibromialgia, a dor associada com a artrite, a dor do
membro fantasma e as sindromes dolorosas centrais como a dor relacionada a
neuropatia. Ao contrario da dor aguda, o tratamento da dor crbnica é mais
complexo, envolvendo multiplas abordagens e nem sempre alcangando pleno
éxito na sua erradicacao (DRAY, URBAN e DICKENSON, 1994; ASHBURN e
STAATS, 1999; PORTENOY e LESAGE, 1999).

Durante esses quadros patolégicos, o0 processamento sensorial é
anormal. Atualmente, a hiperalgesia € um termo utilizado para designar todas
as condicdes de sensibilidade dolorosa aumentada. Ja a alodinia é utilizada
para designar a dor em resposta a um estimulo ndo-nociceptivo. Isto porque
estimulos ndo-nociceptivos, como o simples rocar de uma roupa sobre a pele,
0 vento e o frio podem desencadear uma percepcao dolorosa. Assim, durante a
alodinia, a intensidade ou qualidade do estimulo provoca uma resposta
dolorosa desproporcional ou inesperada (LOESER e TREEDE, 2008).

4.2 Mecanismos envolvidos na transmissao da dor e da nocicepc¢éao

A transmissao da dor envolve uma interagdo complexa de estruturas
periféricas e centrais, desde a superficie da pele até o cortex cerebral (FURST,
1999).

A percepcgéo do estimulo nociceptivo na periferia se da por estruturas
especificas situadas nas terminacdes nervosas das fibras sensoriais,

denominadas nociceptores, cujos corpos celulares encontram-se nos ganglios
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das raizes dorsais e nos ganglios trigeminais e que conduzem as informacoes
nociceptivas até o corno dorsal da medula espinhal e o nucleo trigeminal pars
caudalis na ponte, respectivamente. Todos os tecidos, com excecdo do
neurdpilo do sistema nervoso central, sado inervados por estas fibras aferentes.
Apesar disto, as propriedades destas fibras diferem, dependendo se elas séo
aferentes somaticas (que inervam a pele, as articulagbes e os musculos), ou
aferentes viscerais (que inervam os tecidos cardiovasculares e respiratérios, o
trato gastrintestinal, o sistema renal e reprodutivo). Esses nociceptores podem
ser ativados por estimulos locais potencialmente nocivos tais como calor, frio,
compresséao intensa e substancias quimicas geradas pelo dano tecidual. Séo
distinguidos de outras espécies de receptores mecanicos e térmicos por seu
limiar mais alto, porque sdo normalmente ativados somente por estimulos de
intensidade nociceptiva, suficientes para causar certo grau de lesédo tecidual
(JULIUS e BASBAUM, 2001, HUNT e MANTYH, 2001, CRAIG 2003,
BASBAUM et al., 2009).

Na percepcao da dor os neurdnios aferentes primarios séo classificados
de acordo com critérios funcionais e anatdomicos. As fibras Ad sao responsaveis
pela deteccdo da dor rdpida e aguda, sendo pouco mielinizadas, de médio
didametro (2 a 6 um) e velocidade de condugao intermediaria (12 a 30 m/s). Ja
as fibras C séo condutoras da dor lenta e difusa, sendo amielinizadas, de
pequeno didmetro (0,4 a 1,2 um) e velocidade de condugéao lenta (0,5 a 2 m/s)
(MILLAN, 1999; JULIUS e BASBAUM, 2001, BASBAUM et al., 2009).

Os corpos celulares das fibras aferentes nociceptivas transmitem a
informacéo nociceptiva da periferia até o corno dorsal da medula espinhal e
suas terminacfes encontram-se principalmente nas laminas | (zona marginal) e
lamina 1l (substancia gelatinosa). No corno dorsal da medula espinhal, os
neurdnios de primeira ordem fazem sinapse com neurénios de segunda ordem,
estes cruzam a medula espinhal ascendendo no trato espinotalamico chegando
até as fibras terminais localizadas principalmente no talamo. No talamo,
neurbnios de terceira ordem emitem axénios através da capsula interna ao
cortex somatosensorial, onde existe 0 componente emocional da dor. Assim, a
informagao nociceptiva alcanga as areas sensoriais do cortex cerebral, onde

aspectos como qualidade, intensidade, localizagdo e duragdo do estimulo
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nociceptivo serdo integrados e componentes afetivos e emocionais serao
interpretados e contextualizados, levando & percepc¢éo do estimulo nociceptivo
Além disso, o trato espinotalamico parece emitir axdnios ao mesencéfalo e a
ponte rostral, fazendo sinapses em complexos nucleares, incluindo o nucleo
magno da rafe e o nucleo reticular gigantocelular. Ambas as estruturas
parecem estar envolvidas na regulacdo descendente dos neurbnios de
segunda ordem (RUSSO e BROSE, 1998; BESSON, 1999; MILLAN, 1999).

Todos 0s neurotransmissores envolvidos na inibicdo nociceptiva
descendente tais como opibides, acetilcolina, serotonina e noradrenalina
parecem inibir a excitagdo dos neurdnios de segunda ordem na presenca de
estimulo nocivo (RUSSO e BROSE, 1998; FURST, 1999; MILLAN, 1999).

4.3 Sistema Colinérgico

A acetilcolina (ACh) é um importante neurotransmissor do sistema
nervoso central e do sistema nervoso periférico, exercendo um papel crucial no
sistema nervoso central. Esta é sintetizada no citosol do neurdnio pré-sinaptico
a partir de colina e de acetil-coenzima A (SOREQ e SEIDMAN, 2001)

A colina acetiltransferase € a enzima responsavel pela sintese de ACh,
catalisando a transferéncia de um grupo acetil, proveniente de uma molécula
de acetil-coenzima A, para uma molécula de colina. Os niveis de acetil-
coenzima A sdo mantidos através do metabolismo da glicose, sob acéo da
enzima ATP-citrato liase, que apresenta sua expressdao aumentada em
neurénios colinérgicos (TOMASZEWICZ et al., 2003; BEIGNEUX et al., 2004).
O suprimento de colina é provido principalmente da dieta, devido a
incapacidade dos neurbnios em sintetizar a colina. A colina atravessa a
membrana do terminal axdénico por um mecanismo de transporte ativo
especifico. Depois de sintetizada, a acetilcolina € armazenada nas vesiculas
pré-sinapticas (ZEISEL, 1981).

Apos o acumulo de ACh nas vesiculas pré-sinapticas, essas sao
direcionadas para uma regido subjacente a membrana sinaptica denominada
zona ativa. As vesiculas sdo ancoradas a membrana sinaptica e se tornam

responsivas as mudangas na concentragdo intracelular de calcio. Quando um
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potencial de acdo atinge o terminal nervoso, canais de calcio ativados por
voltagem séo abertos. As ondas de calcio resultantes induzem a fusdo de
vesiculas singpticas com a membrana e a consequente liberacdo de ACh
(SUDHOF, 2004).

A acetilcolina liberada pode ser degradada pelas colinesterases ou
combinar-se com os receptores colinérgicos pos e pré-singpticos (WESSLER,
KIRKPATRICK, RACKE, 1998; PRADO et al., 2002). Logo apds exercer sua
acado, a acetilcolina sofre hidrélise pelas colinesterases, liberando o acido
acético e a colina. A colina resultante é em parte recaptada para o terminal pré-
singptico através de um mecanismo de recaptacdo de alta afinidade onde
podera ser reutilizada na sintese de novas moléculas de acetilcolina (SOREQ e
SEIDMAN, 2001).

As colinesterases sdo enzimas que desempenham papéis importantes
na neurotransmissao colinérgica central e periférica. Estas enzimas possuem
estruturas moleculares muito semelhantes, mas que diferem entre si pelas suas
propriedades cataliticas, especificidade a substratos, sensibilidade a inibidores
e distribuic&o tecidual (MASSOULIE et al., 1993).

Existem dois tipos distintos de colinesterase, a acetilcolinesterase
(AChE) e a butirilcolinesterase (BuChE). A AChE também chamada de
colinesterase verdadeira ou especifica, hidrolisa preferencialmente ésteres com
grupamento acetil (como ACh) e a BUChE ou pseudocolinesterase hidrolisa
outros tipos de ésteres como a butirilcolina. A AChE é predominante no
cérebro, juncdo neuromuscular e eritrocitos (SOREQ e SEIDMAN, 2001). Ja a
BuChE tem distribuicdo neuronal muito restrita se comparada a AChE, mas €&
amplamente distribuida no rins, intestinos, pulmao, figado e plasma
(MESULAM et al., 2002, JONES e DUNLOP, 2007).

Nas sinapses colinérgicas, a AChE é extremamente importante para o
bom funcionamento do organismo, pois a hidrdlise da acetilcolina pela AChE
limita a ativagdo dos receptores muscarinicos e nicotinicos. Sabe-se que a
hiperatividade destes receptores causa varios efeitos fisioldgicos adversos e
pode resultar em insuficiéncia respiratoria e morte (JONES e DUNLOP, 2007).

As numerosas e importantes acoes fisiolégicas da acetilcolina sé&o

iniciadas pela sua ligacao a duas classes distintas de receptores da membrana
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plasmatica: os receptores nicotinicos e muscarinicos (JONES e DUNLOP,
2007).

A acao rgpida da acetilcolina € mediada pela interagdo com receptores
nicotinicos da acetilcolina, que sdo estruturas pentaméricas atuando como
canais ibnicos controlados por ligantes. As cinco subunidades que formam o
complexo receptor-canal apresentam uma estrutura similar, e ja foram
identificados e clonados 16 diferentes membros da familia, designados como q,
B, v, 6, e & As diferentes associacbes destas subunidades conferem
propriedades estruturais e funcionais distintas aos diferentes subtipos de
receptores nicotinicos (DAJAS-BAILADOR e WONNACOTT, 2004; JONES e
DUNLOP, 2007).

Ao agir sobre a membrana pos-sinaptica de uma sinapse nicotinica, a
acetilcolina provoca grande aumento na permeabilidade dessa membrana a
cations, principalmente ao sddio, que promove rapida despolarizacdo dando
inicio a um potencial de acdo na fibra muscular e a liberacdo de outros
neurotransmissores como a dopamina (DAJAS-BAILADOR e WONNACOTT,
2004; JONES e DUNLOP, 2007).

A acetilcolina também tem seus efeitos mediados pelos receptores
muscarinicos, e sao conhecidos cinco subtipos moleculares (M1-M5). Baseado
na sua habilidade em ativar diferentes classes de proteina G, os cinco subtipos
podem ser agrupados em duas principais classes funcionais. Os receptores M2
e M4 acoplam-se a proteina Gi, inibindo a adenilil-ciclase e reduzindo assim o
AMPc intracelular. J4 os receptores M1, M3 e M5 acoplam-se a proteina Gq
para ativar as vias fosfato de inositol. Diferentes abordagens experimentais tém
demonstrado que receptores muscarinicos estdo presentes em todos 0s
orgaos, tecidos ou tipos celulares (WESS, EGLEN, GAUTAM, 2007; JONES e
DUNLOP, 2007).

Os efeitos dos agonistas de ambos o0s receptores (muscarinicos e
nicotinicos) e dos inibidores da AChE, coletivamente denominados
colinomiméticos, tem efeitos ja& bem estabelecidos. Estes compostos inibem a
sinalizacdo da dor em humanos e animais e ja comprovaram a sua eficacia em
diferentes modelos pré-clinicos e clinicos de dor (JONES e DUNLOP, 2007).

A medula espinhal € o maior sitio de acdo dos colinomiméticos na

analgesia. A administracdo de substancias colinérgicas pela via intratecal
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causa antinocicepcao por mimetizar a liberacdo de ACh dos nervos espinhais.
Estimulos nocivos aumentam a liberacdo de acetilcolina na medula espinhal,
como foi visto no fluido cérebro-espinhal de ovelhas depois de um estimulo
nocivo (EISENACH, HOOD e CURRY, 1997).

Um dos farmacos mais utilizados na clinica para a inibicdo da AChE é a
neostigmina. A neostigmina quando administrada por via intratecal em seres
humanos saudaveis, aumentou os niveis de ACh no fluido cérebro-espinhal
destes, provocando analgesia frente a estimulos nocivos. Esse dados sugerem
que had uma liberacdo de ACh na medula espinhal, cujas acdes estédo
aumentadas na presenca deste inibidor (HOOD et al., 1997).

Além da participagdo do sistema colinérgico na analgesia da dor aguda,
alguns estudos sugerem que a modulacdo deste sistema € viavel para o
tratamento da dor neuropética. A alodinia mecanica observada em ratos
tratados com estreptozotocina foi revertida pelo inibidor da AChE, a
neostigmina. Esses dados sugerem um potencial terapéutico na dor
neuropatica (CHEN, WESS e PAN, 2005).

Apesar da eficacia dos inibidores da colinesterase, seu uso clinico é
limitado devido aos efeitos adversos que estes inibidores provocam. No
entanto, estudos tém demonstrado que a co-administracdo de uma baixa dose
de neostigmina pode melhorar as acdes dos opibdides, sem aumentar 0S seus
efeitos colaterais (HOOD et al., 1997).

4.4 Tratamento farmacologico da dor

Vérias estratégias podem ser adotadas para o controle da dor, porém a
abordagem farmacolégica é, sem duvida, a mais utilizada. O tratamento da dor
€ composto, basicamente, por dois grandes grupos de drogas analgésicas: 0s
opibides e os anti-inflamatorios nado-esteroidais (AINES), que incluem a
dipirona, o diclofenaco, o paracetamol, entre outros (WARNER e MITCHELL,
2004).

Os opidides sédo drogas derivadas do Opio e incluem a morfina, a
codeina e uma ampla variedade de congéneres semi-sintéticos derivados
destes. E bem descrito na literatura que os opidides interagem com trés tipos

de receptores, chamados receptores opioides classicos y (MOR), & (DOR) e k
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(KOR). Estes receptores pertencem a familia de receptores acoplados a
proteina Gi/o, estes provocam a inibicdo da adenil-ciclase e a redugédo do
conteddo intracelular de monofosfato de adenosina ciclico. Eles também
facilitam a abertura dos canais de potassio (causando hiperpolarizacdo) e
inibbem a abertura dos canais de calcio, o que reduz a excitabilidade de
neurdnios envolvidos na transmissao da informacéo nociceptiva (FRIES, 1995;
DICKENSON e KIEFFER, 2006).

Os opidides sdo muito efetivos, principalmente no tratamento da dor
aguda, porém a sua utilizacao é limitada, pois estes apresentam muitos efeitos
adversos, como constipacdo, nauseas, vomitos, broncoconstricdo e depressao
respiratéria. Além disso, a tolerancia aos opidides instala-se rapidamente
(NUKI, 1983; RUSSO e BROSE, 1998; CAMU & VANLERSBERGUE, 2002).

Os AINEs tém vantagem sobre os analgésicos opidides por néo
provocarem tolerancia e dependéncia com o uso cronico. Embora os AINEs
sejam bastante eficazes no tratamento de quadros dolorosos, muitas vezes o
seu uso é limitado devido a ocorréncia de efeitos adversos tais como
hemorragias, Ulcera gastrica, faléncia renal e hepdatica, reacbes cutaneas,
crises asméticas e problemas cardiovasculares (WOLFE, LICHTENSTEIN e
SINGH, 1999; BOELSTERLI, 2003; WARNER e MITCHELL, 2004; CORUZZI,
VENTURI e SPAGGIARI, 2007).

Em 1971, Vane demonstrou que o principal mecanismo de acdo dos
AINEs era inibir a sintese de prostraglandinas (PGs), através da inibicao da
atividade da enzima ciclooxigenase (COX). Véarios anos se passaram até a
descoberta da existéncia de pelo menos duas isoformas de COX envolvidas na
acao nao especifica dos AINEs, a COX-1 e a COX-2. A maioria dos AINEs € de
inibidores de ambas as isoenzimas como o diclofenaco, a indometacina e o
ibuprofeno (BOELSTERLI, 2003; RAO e KNAUS, 2008).

A COX-1 é expressa constitutivamente na maioria dos tecidos, inclusive
nas plaguetas do sangue. Estd envolvida na homeostase dos tecidos e €
responsavel pela producdo de PGs envolvidas na citoprotegcdo gastrica, na
agregacdo plaguetaria e na auto-regulacdo do fluxo sanguineo renal
(CORUZZI, VENTURI e SPAGGIARI, 2007).

Por outro lado, a COX-2 ndo € normalmente expressa sob condi¢des

fisiolégicas e sim, induzida nas células inflamatérias quando sdo ativadas.
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Desta forma, esta isoforma é responsavel pela producédo de PGs envolvidas na
inflamacéo (WEIR et al., 2003; CORUZZI, VENTURI e SPAGGIARI, 2007).
Acreditava-se que a acao anti-inflamatoria dos AINEs estava relacionada com a
inibicdo da COX-2, enquanto que seus efeitos indesejaveis, particularmente o
efeito gastrintestinal, resultavam da inibicdo da COX-1. Porém, recentemente
foi demonstrada a associacdo entre agentes seletivos para COX-2, como por
exemplo, o rofecoxib e os distarbios cardiovasculares graves. Assim, €
imprescindivel considerar que cada uma das isoformas da COX parece exercer
papéis importantes na fisiologia celular e que, provavelmente, ambas as
isoformas participem do processo inflamatoério, cada uma sob circunstancias
particulares (CORUZZI, VENTURI e SPAGGIARI, 2007).

De maneira geral, o emprego do arsenal terapéutico atual raramente
resulta na eliminacdo da dor, principalmente a dor crbnica. Ao contrario, muitos
pacientes continuam refratarios aos tratamentos, seja pela persisténcia das
crises ou por efeitos colaterais. Diante deste contexto, o0 emprego de terapias
combinadas vem sendo preconizado para se obter um melhor efeito
analgésico, utilizando doses menores de cada droga, objetivando reduzir os
efeitos adversos. No entanto, a necessidade de se identificar novos farmacos
que possam ser Uteis no tratamento da dor continua sendo de grande

interesse.

4. 5 Plantas medicinais com potencial analgésico

A utilizagdo de plantas medicinais para o tratamento, a cura e a
prevencdo de doencas é uma das mais antigas formas de pratica medicinal da
humanidade. Em todas as fases de desenvolvimento de varias civilizacdes
pode-se observar que sempre prevaleceu uma estreita relagcdo entre o homem
e as plantas (VEIGA e PINTO, 2005).

No Brasil, a utilizagdo de plantas no tratamento de doencgas, apresenta
fundamentalmente, influéncia da cultura indigena, africana e européia.
ObservacgOes populares sobre a utilizacdo e a eficacia de plantas medicinais
contribuem, de forma relevante, para a divulgacédo das acdes terapéuticas das
plantas. Estas sdo utilizadas com frequéncia pelos efeitos medicinais que

produzem, apesar de muitos ndo terem seus constituintes quimicos e suas
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propriedades téxicas conhecidas (MACIEL et al., 2002).

De acordo com Calixto e colaboradores (2000), apesar dos grandes
avancos na medicina moderna, 0s produtos naturais, principalmente os
metabdlitos secundarios originados de plantas, contribuiram decisivamente
para a terapéutica moderna e para 0 nosso conhecimento sobre importantes
mecanismos relacionados com o processo de transmisséo e o tratamento da
dor, como a caracterizacao dos tipos de receptores e dos ligantes endégenos

envolvidos no processo nociceptivo.

Em paises de clima tropical, como o Brasil, que apresentam grande
biodiversidade, ha um crescente interesse da industria farmacéutica para a
producdo de agentes terapéuticos de origem natural. Entre os paises da
América Latina, somente o Brasil detém cerca de 20-22% das plantas e
microrganismos do planeta (CALIXTO et al., 2005).

Atualmente, os esforgcos para a descoberta de novos farmacos sao
dirigidos no sentido de buscar alternativas para superar a dependéncia externa,
ja que 84% dos farmacos sao importados, no que concerne ao Brasil, e que
78% da producdo brasileira é produzida por empresas multinacionais
(CALIXTO et al., 2005).

Sao inimeros os exemplos de medicamentos que foram desenvolvidos,
direta ou indiretamente, de fontes naturais, especialmente de plantas
medicinais, incluindo dentre outros a morfina, a pilocarpina, os digitalicos, a
quinina, a atropina e a escopolamina. A Papaver somniferum tém sido utilizada
popularmente por suas propriedades analgésicas desde 3000 a.C. No latex
desta planta estdo contidos alcaldides como a morfina, a codeina e a
papaverina que sSdo 0s responsaveis pela sua atividade analgésica (HASS,
1983; WALKER, 1995; CALIXTO et al., 2000).

Outro exemplo que destaca a importancia das plantas neste aspecto é o
acido salicilico, que teve origem na casca do salgueiro, arvore do género Salix
(Salicicaceae). No século XVII, descobriu-se que a casca do salgueiro € tao
amarga quanto a de uma arvore do Peru, a Cinchona magnifolia (quina), cujo
extrato era o remédio supremo contra a malaria. Assim, a infusdo da casca de
salgueiro passou a ser usada como medicamento antitérmico pelos europeus.

Em 1829, o francés Leurox obteve da casca do salgueiro uma substancia que
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denominou salicina e em 1838, foi sintetizado o &cido salicilico. O &cido
salicilico foi a primeira substancia usada como antipirético e tamb. Em 1859, a
partir do acido salicilico, o cientista Gilm, obteve o &cido acetilsalicilico, que é
consumido em grande escala por todo o mundo, como analgésico e antitérmico
(HASS, 1983; WALKER, 1995).

Atualmente, a procura por novas substancias que possam ser utilizadas
para a melhoria da qualidade de vida da sociedade tem despertado o interesse
principalmente das industrias farmacéuticas por plantas empregadas na
medicina popular. Desta forma, a abordagem etnofarmacoldgica € de grande
importancia, pois combina informag¢des adquiridas nas comunidades locais que

fazem uso da flora medicinal com estudos fitoquimicos e/ou farmacolégicos.

4.6 Mirabilis jalapa

A Mirabilis jalapa pertencente a familia Nyctaginaceae (Figura 1) é nativa
da Ameérica tropical (LORENZI e SOUZA, 1999) e foi introduzida na Europa no
comeco do século XVII. Esta planta era muito utilizada devido as suas
propriedades purgativas. Seu emprego ja foi muito intenso, tendo decaido pelo
aparecimento de outros medicamentos mais eficazes e mais agradaveis ao
uso, pois esta tem efeito irritante sobre as mucosas intestinais (CORREA,
1978).

Gregério Mendel usou essa planta para a conducdo de ensaios
comprobatérios para as suas leis da Hereditariedade. Cruzando as flores de
Mirabilis de coloragdo branca com as de coloragdo vermelha observou a
transmissdo de caracteres dominantes e recessivos, com segregacdo nas
geracdes subsequentes (KISSMANN e GROTH, 1995).

M. jalapa € uma planta ornamental muito cultivada pela beleza de suas
flores, que, entretanto n&o ficam abertas durante a maior parte do dia. A noite e
em dias escuros manifestam a sua beleza e exalam um cheiro agradavel. As
raizes tém sido usadas para fins medicinais e em compéndios antigos de
Farmacopéias aparecem identificadas como “Radix Nyctaginis Mechoacannae”,
recomendadas como catarticas (KISSMANN e GROTH, 1995).

Conhecida popularmente como batata-de-purga, belas-noites, boa-

morte, boa-noite, bonina, beijos-de-frade, po6-de-arroz, flor-das-quatro-horas,
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jalapa, jalapa-falsa, maravilha-branca, maravilha-de-forquilha, maravilha-
vermelha, entre outras denominacdes que variam de acordo com a localidade.
A sinonimia desta planta é Jalapa odorata L., Mirabilis corymbosa Sieber e
Mirabilis dichotoma L (CORREA, 1984; LORENZI e MATOS, 2002).

A origem do nome Mirabilis conforme Kissmann e Groth (1995) é devido
esta planta ser antigamente conhecida como “admirabilis” que significa
admiravel, bela. Linnaeus abreviou o adjetivo para mirabilis. O termo jalapa &
pela semelhanca das raizes de Mirabilis com as de Convolvulus jalapa, que

sao citadas em algumas farmacopéias como medicinais.

Figura 1- Mirabilis jalapa L.
Fonte: http://www.toptropicals.com

A M. jalapa é utilizada popularmente para o tratamento de infeccdes,
inflamacbes e dores (DIMAYUGA, VIRGEN e OCHOA, 1998). Na América
Latina, esta planta é utilizada devido as suas propriedades purgativas e
eméticas, as quais sao atribuidas as suas raizes (PERROT, 1943 apud
CHIFUNDERA, BYAMANA e MBUYI, 1991). Em Madagascar 0 seu uso € para
atenuar a dor intestinal. No sul da Africa, as raizes s&o utilizadas como drogas
purgativas e as flores sdo usadas como repelente de mosquitos, devido ao
forte odor que estas exalam a noite (WATT e BREYER-BRANDWIJK, 1962
apud CHIFUNDERA, BYAMANA e MBUYI, 1991; KUSAMBA, BYAMANA e
MBUYI, 1991).

No México esta planta é utilizada para o tratamento de diversas
condicbes dolorosas como a dor produzida por picadas de escorpidao e de
abelha (DIMAYUGA, VIRGEN e OCHOA, 1998). Além disso, um levantamento
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do uso de plantas medicinais realizado em Santa Maria, RS, revelou que a
populacdo faz uso das folhas de M. jalapa para o tratamento de dores,
inflamacgéo, hemorrdidas e nos processos digestivos (SOMAVILLA e CANTO-
DOROW, 1996).

Existem poucas descricdes na literatura sobre a caracterizacao
fitoquimica e a atividade farmacolégica da M. jalapa. Alguns compostos foram
isolados das partes aéreas desta planta, como [-sitosterol, brassicasterol,
estigmasterol, acido oleandlico e acido ursélico (SIDDIQUI et al., 1990, 1994).

Os extratos metandlicos de caules, folhas, sementes e flores (botbes
florais, calices e pétalas) da M. jalapa foram testados na contratibilidade
muscular do intestino de coelhos. Os extratos das flores apresentaram uma
maior atividade inibitéria quando comparados aos extratos de caule, folhas e
sementes. O composto B-sitosterol, obtido por purificacdo do extrato das flores,
nao mostrou nenhum efeito na contratibilidade do intestino de coelhos
(ARROYO, CHACON e MAKI, 2004). Outro estudo demonstrou o envolvimento
do sistema adrenérgico e serotoninérgico no efeito inibitério do extrato
metandlico de flores da M. jalapa na contratibilidade muscular do intestino de
coelhos (AOKI et al., 2008).

Walker e colaboradores (2007, 2009) observaram que 0s extratos brutos
e as fracdes dos caules e das folhas da M. jalapa apresentaram atividade
antioxidante e antimicrobiana. As melhores respostas para a atividade
antimicrobiana foram obtidas para Staphylococcus aureus com a fracéo
diclorometano do caule e para Saccharomyces cerevisiae com a fracdo acetato
de etila das folhas. Além disso, observou-se que extrato bruto do caule e as
fracOes acetato de etila do caule e das folhas da M. jalapa ndo apresentaram
toxicidade no teste de letalidade frente a Artemia salina. Também se verificou
um teor de quercetina de 0,19% no extrato das folhas através de cromatografia
liquida de alta eficiéncia.

Diversos estudos como os de Kataoka et al. (1991, 1992) e Wong et al.
(1992) apontam M. jalapa como antiviral. A inibicdo viral & atribuida a uma
proteina isolada chamada Proteina Antiviral de Mirabilis jalapa (MAP),
encontrada em maior concentracdo nas raizes a qual contém as Proteinas de
Inativagdo Ribossémicas (RIPs), que exibem potente efeito inibitorio na sintese

protéica eucaridtica e procariobtica.
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Por esta planta ser muito utilizada popularmente em diversas partes do
mundo é de extrema importancia estudos que comprovem a eficacia e a
seguranca desta. Devido a isso, a relevancia deste trabalho é a comprovacao
do uso etnofarmacéutico da M. jalapa.
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5. 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, Discussdo dos Resultados e Referéncias
Bibliograficas, encontram-se no artigo e no manuscrito. O artigo esta disposto
na mesma forma que foi publicado na revista cientifica. O manuscrito esta
disposto da mesma maneira que sera submetido a revista Journal of

Ethnopharmacology.

5.1 Artigo: Antinociceptive activity of Mirabilis jalapa in mice

Cristiani 1.B.Walker, Gabriela Trevisan, Mateus F. Rossato, Carina
Franciscato, Maria E. Pereira, Juliano Ferreira*, Melania P. Manfron
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Ethnopharmacelogical relevance: The infusion or decoction of Mirabilis jalapa leaves is used in traditional
medicine in Brazil to treat inflammatory and painful diseases.

Aim of the study: The present study examined the antinociceptive effect of Mirabilis jalapa extracts from
leaves and stems in models of pain in mice.

Materials, methods and results: The crude hydroethanolic extract from leaves (CrdL) was more potent
than the crude extract from stems (CrdS) to inhibit abdominal constrictions induced by acetic acid, with

f;?;;ﬁ;gjﬁ;mpa IDsg values of 5.5 (2.3-13.1) and 18.0 (11.3-28.5) mg/kg, respectively. Among the fractions tested, the
Nyctaginaceae Eta fraction from leaves (Eta) was more effective (maximal inhibition of 83 = 8%) and potent (IDsp of
Tail-flick 1.1 (0.6-2.1) mg/kg) to induce antinociception. Eta and CrdL also possessed an antinociceptive effect in

the tail-flick test. Pre-treatment with naloxone did not modify the antinociceptive effect of Eta, but co-
administration with atropine completely prevented it. This suggests that the antinociceptive effect might
depend on the cholinergic system. Instead, Eta was not able to alter the acetylcholinesterase activity
in blood or spinal cord. Concerning side effects, Eta did not alter locomotor activity, body temperature,
gastrointestinal transit and did not produce gastric lesions.

Conclusion: Our results demonstrate that Mirabilis jalapa presents antinociceptive activity in mice, which

Constriction test
Gastrointestinal transit
Gastric lesion
Muscarinic

supports its folkloric use as an analgesic.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Over the years, natural products have contributed to the devel-
opment of important therapeutic drugs used currently in modern
medicine. The study of plants that have been traditionally used as
pain killers should still be seen as a fruitful and logical research
strategy, in the search for new analgesic drugs and pain mecha-
nisms (Calixto et al., 2000). Mirabilis jalapa belongs to the family
Nyctaginaceae and is known as ‘maravilha’ or ‘bonina’ in Brazil and
‘four o’clock’, ‘marvel-of-Peru’, ‘belle de nuit’ or ‘dondiego de noche’
in different countries (Corréa, 1984). In spite of its wide cultivation
in several countries as a decorative plant, it is native of tropical
America (Lorenzi and Souza, 1999).

Abbreviations: CrdL, crude extract from leaves; CrdS, crude extract from stems;
Hex, n-Hexane fraction; Eta, ethyl acetate fraction; But, n-Butanol fraction; Dich,
dichloromethane fraction.

* Corresponding author at: Departamento de Quimica, Universidade Federal de
Santa Maria, Avenida Roraima 1000, Camobi, CEP 97105-900, Santa Maria, RS, Brazil.
Tel.: +55 55 3220 8053; fax: +55 55 3220 8031.

E-mail address: ferreiraj99@gmail.com (]. Ferreira).

0378-8741/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2008.08.002

Mirabilis jalapa has been well characterized with respect to
its chemical components. Several compounds have been isolated
from its aerial parts, such as B-sitosterol, stigmasterol, ursolic acid,
oleanolic acid and brassicasterol (Siddiqui et al., 1990, 1994), and
Mirabilis antiviral protein has been isolated from its roots (Kataoba
etal, 1991). Regarding its biological activity, this plant has antibac-
terial and antiviral activities (Kusamba et al., 1991; Kataoba et al.,
1991; Dimayuga et al., 1998). Cosmetic or dermo-pharmaceutical
compositions containing Mirabilis jalapa are claimed to be use-
ful against inflammation and dry skin (Linter, 2002). Moreover,
methanolic extracts from the flowers, stems and leaves induced
contractions of isolated jejunum muscle, and the most effective was
the flowers extract (Cortés et al., 2004), Another recent study has
shown the involvement of adrenergic and serotoninergic mecha-
nisms in the inhibitory effect of Mirabilis jalapa flower extract on
smooth muscle contractility (Aoki et al., 2008).

Mirabilis jalapa leaves are used in traditional folk medicine in
the South of Brazil to treat inflammatory and painful diseases and
as a laxative (Corréa, 1984; Siddiqui et al., 1990; Somavilla and
Canto-Dorow, 1996). As a laxative, 2-4 g of root powder in water
are indicated for adults (Quer, 1962). For analgesic purposes, the
infusion or decoction of leaves is popularly used (Somavilla and



36

170 C.I.B. Walker et al./ Journal of Ethnopharmacelogy 120 (2008) 169-175

Canto-Dorow, 1996). Thus, the major aim of this study is to evalu-
ate the possible antinociceptive effect of Mirabilis jalapa extracts, in
models of visceral and thermal pain, in mice. We also investigated
some possible mechanisms of action and adverse effects caused by
Mirabilis jalapa.

2. Materials and methods

2.1. Plant material

The plant was collected in March 2006, in Santa Maria, in the
State of Rio Grande do Sul, Brazil. A voucher specimen number
SMDB 10.077 was deposited at the Herbarium of the Botany Depart-
ment, Federal University of Santa Maria (UFSM), Brazil.

2.2, Extraction and fractionation

Fresh leaves and stems were dried in a ventilated oven (45°C).
Previously powdered dried leaves and stems were macerated with
ethanol (70%) at room temperature. The crude hydroethanolic
extracts from leaves (CrdL) or from stems (CrdS) were concentrated
until dryness in a rotary evaporator. The dry hydroethanolic extract
from leaves was dissolved in methanol (10%) and partitioned with
n-hexane (Hex), dichloromethane (Dich), ethyl acetate (Eta) or n-
butanol (But), respectively. The yields of CrdL and CrdS are 14,25 and
22,45% (w|w), respectively. The yields of these fractions in relation
to the CrdL were 23, 6, 4 and 35% (w/w) for Hex, Dich, Eta and But,
respectively.

2.3. Animals

Adult male albino Swiss mice (25-35¢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 exper-
imental room for at least 2 h before the experiments. Each animal
was used only once. All protocols employed have been approved by
the Local Ethic's Committee (process number: 23081.010134/2007-
66) and are in accordance the US guidelines for the care and use of
Laboratory animals (NIH publication #85-23, revised in 1985). The
number of animals and intensity of noxious stimuli used were the
minimum necessary to demonstrate the consistent effects of the
drug treatments.

24. Visceral pain model

To investigate the possible antinociceptive effect of Mirabilis
Jjalapa, leaf or stem crude extracts (1-100 mg/kg, p.o.) were tested
in the writhing test induced by intraperitoneal injection of acetic
acid 0.6% (Ferreira et al., 2000). Morphine (10 mg/kg, p.o.) was
used as a positive control. We also tested the effect of some frac-
tions from the leaf extract and compared their actions with the
CrdL. The doses tested (10, 2.3, 0.6, 0.4 and 3.5 mg/kg, p.o., for
CrdL, Hex, Dich, Eta or But fractions, respectively) were based
on the fraction yield (see above). The animals were placed in
glass chambers for 30 min before the experiment for habitu-
ation. One hour after oral treatment, the animals received an
intraperitoneal injection of acetic acid solution, and the number
of writhes was assessed during 30min after the injection. The
decrease in the number of writhes was considered the antinocicep-
tive index. In this same manner, we evaluated the dose-response
and time-course of antinociceptive effects of Mirabilis jalapa CrdL
and Eta or CrdS (0.1-100 mg/kg, p.o.) in other groups of ani-
mals.

2.5. Investigation of some mechanisms of action

In order to investigate the participation of the muscarinic or
opioid system in the antinociceptive effect of Mirabilis jalapa leaf
Eta, mice were pre-treated with atropine (5 mg/kg, s.c.), naloxone
(2 mgfkg, i.p.) or vehicle 1h before the experiment. Eta (10 mg/kg,
p.o.) or pilocarpine (1mg/kg, s.c., used as positive control for
atropine pre-treatment), morphine (10 mg/kg, p.o., used as positive
control for naloxone pre-treatment) or vehicle was administered
and 1 h later the animal was exposed to the acetic acid writhing
test as described above. The choice of the dose of agonists and
antagonists and their treatment times were based on previous data
described in the literature (Sheardown et al., 1997; Yue et al., 2007 ).

2.6. Thermal pain model

Another test used to evaluate the possible antinociceptive effect
of Mirabilis jalapa was the tail-flick test, which consists of mea-
suring the reaction time to tail-flick after the tail was immersed
in a bath heated to 48°C (D’Amour and Smith, 1941). Before the
test, the baseline latency (6-7s) was determined. At 0.5, 1, 2
and 4h after the administration of vehicle (10 mL/keg, p.o.), Eta
or CrdL (10 mg/kg, p.o.) tail-flick latency was reassessed, and dif-
fer from the control and test were calculated. An 18s maximum
latency was employed to avoid tissue damage. Antinociception was
expressed as percentage of maximum possible effect calculated as:
%MPE = [(test — baseline)/( 18 — baseline)] x 100.

2.7. Acetylcholinesterase activity

For the assay, animals were treated with vehicle, Eta or CrdL
(10 mg/kg, p.o.) and then euthanized by pentobarbital overdose
(10 mg/kg, i.p.). Blood was then immediately collected from the
hepatic vein, using a heparinized syringe. The sample was diluted
1:100 in phosphate buffer (0.1 M, pH 7.4) with 0.03% Triton X-100.
Samples of the spinal cord were also collected from the same ani-
mals by mechanical extrusion using cold saline. These samples were
homogenized in 1 mL of potassium phosphate buffer (0.1 mM, pH
7.4)and diluted 1:5 in the same buffer. After preparation, both sam-
ples were frozen until analysis. For the assay, 500 p.L of sample
were added to 1 mLof phosphate buffer (blood) or potassium buffer
(spinal cord), 50 p.L of DTNB 10 mM and 25 p.L of acetylthiocholine
(ATC; 28.4 mM). The tubes were incubated in a water bath at 37°C
during 3 min. Then, 10 pL of ethopropazine (3 mM), an inhibitor of
butyrylcholinesterase, were also added. The development of color
was measured at 435 nm for blood (Worek et al., 1999) and 412 nm
for spinal cord (Pereira et al., 2004). Results were expressed in p.M
ATC hydrolysed/hour/mg protein.

2.8. Gastrointestinal transit

As Mirabilis jalapa is popularly used for its laxative effect, we
also decided to test the possible effect of Mirabilis jalapa CrdL and
Eta in the gastrointestinal transit. In this study, mice were fasted
for 18-24h (water ad libitum) before the gastrointestinal transit
analyses, as described previously (Milano et al., 2008). The animals
were treated with Eta (10 mg/kg, p.o.), CrdL (10 mg/ke, p.o.), castor
oil (10 mL[kg, p.o., used as positive control) or vehicle (10 mL/kg,
p.o.) and 55 min later, a standard charcoal meal (5% charcoal, 20%
Arabic gum, 0.3 mL) was given to mice by gavage. Five minutes
after administration of the charcoal meal, the animals were euth-
anized and their stomachs and small intestines were removed to
measure the length of the intestine (from the pyloric sphincter to
the ileum-caecal junctions, the total gut length) and the distance
traveled by the charcoal meal. Propulsive activity of the gut was
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determined by the percentage of gastrointestinal traveled charcoal,
calculated as: traveled% =100 x (charcoal traveled distance/total
gut length).

2.9. Ulcerogenic activity

To evaluate the gastric tolerability of animals after oral admin-
istration of Mirabilis jalapa, mice were fasted for 18 h prior to drug
exposure (water ad libitum). The animals were treated with Eta,
CrdL (10 mg/kg, p.o.), indomethacin (100 mgfkg, p.o., used as pos-
itive control) or vehicle (10 mL/kg, p.o.). Four hours later, animals
were euthanized and the stomachs were opened by cutting along
the greater curvature, washed with saline 4°C. Immediately after
that, the development of lesions was assessed with support of a
magnifying glass. The quantification of gastric mucosal lesions was
scored according to their number and size in a scale fromQup to 8
points, adapted from Magistretti et al. (1988), as follows: (0) with-
out injury, (1) color modification, (2) few petechia/alterations of
villous, (3) 1-3 small injuries (=1 mm length), (4) 1-3 big injuries
(=1 mm length), (5) 1-3 big injuries (>1 mm), (6) more than three
small injuries, (7) more than three big injuries and (8) more than
three deep injuries.

2.10. Rectal temperature

To evaluate whether Eta or CrdL was able to change the body
temperature, rectal temperature was determined before and 0.5, 1,
2 and 4h after drug administration (10 mg/kg, p.o.), as previously
described (Otuki et al., 2001). The difference between pre-injection
and post-injection values was calculated (A~C).

2.11. Locomotor activity

In order to investigate the possible effect of Eta or CrdL over
the forced and spontaneous locomotor performance was tested in
the rotarod and open-field tests, respectively (Milano et al., 2008).
Twenty-four hours before the tail-flick test, 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 experi-
ment, right after the measurement of tail-flick latency, each mouse
was tested in the rotarod. The latency to fall and the number of falls
from the apparatus were recorded with a stopwatch for up to 4 min.
The open-field test was performed in another group of animals. The
apparatus was a rectangular arena (28 cm x 18 cm x 12cm) with
the floor divided into 18 equal squares. The number of areas crossed
with all paws and number of rearing responses were recorded.

2.12. Acute toxicological evaluation

To assess the acute toxicity of Mirabilis jalapa, we attempted
to determine the LDsp value from the Eta and CrdL using the
up-and-down method as described by Bruce (1985). After the
administration of one single dose of Mirabilis jalapa (10, 30, 100,
300, 1000, 3000 mgfkg, p.o.), the survival of animals was observed
during 24 h. If an animal survived at any given dose, the dose for
the next animal was logarithmically increased; if it died, the dose
was decreased. Doses above 3000 mg/kg were not tested due to
solubility problems.

2.13. Drugs and reagents

All extracts were prepared in the Laboratory of Pharmacognosy
from UFSM, diluted in 5% Tween 80, 20% polyethylenoglycol and
75% saline and administered orally. Morphine sulphate (Cristalia,
Brazil), indomethacin (Sigma) and pilocarpine (Merck) were also

diluted in the same vehicle and administrated by oral route. Nalox-
one sulphate and atropine sulphate were purchased from Sigma
and diluted in saline solution for intraperitoneal administration.
5,5’-Dithiobis(2-nitro-benzoic acid) (DTNB), ethopropazine and
acetylthiocholine were purchased from Sigma. Arabic gum, acti-
vated charcoal, acetic acid and Triton X-100 were purchased from
VETEC (Rio de Janeiro, Brazil).

2.14. Statistical analysis

The results of antinociceptive and side effects were expressed
as means +S.E.M., and the gastric lesion scores were expressed as
median, and IDsg values (i.e. the dose of compounds that reduces
nociceptive responses to the order of 50% relative to the control
value), which were reported as geometric means accompanied by
their respective 95% confidence limits. Data were analyzed by one
or two-way analysis of variance (ANOVA), or t-test when appropri-
ate. Post hoc tests (Student-Newman-Keuls test-SNK) were carried
out when appropriate. Non-parametric Kruskal-Wallis followed by
Dunn’s test was used to analyze gastric lesion scores. The IDs5q
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. Antinociceptive effect of Mirabilis jalapa extracts and its
fractions

Firstly, we verified the effect of CrdL and CrdS on the nociception
induced by acetic acid. Both CrdL and CrdS treatments (1-100 mg
kg, p.o.) reduced the number of abdominal writhes induced by
acetic acid (Fig. 1A and B). CrdL and CrdS had similar efficacy to pro-
duce antinociception (maximal inhibitions of 65 £ 13 and 77 £ 6%,
respectively), but CrdL was more potent than CrdS with calculated
ID5q values of 5.5 (2.3-13.1) and 18.0 (11.3-28.5) mg/kg, respec-
tively. Thus, we choose the CrdL to conduct further studies. The
antinociceptive effect produced by CrdL was induced quickly, being
observed as early as 30 min after oral treatment, but it was short-
lasting, not lasting more than 1h (Fig. 1C). Next, we assessed the
effect of several fractions from CrdL in the same nociception test.
When tested in doses based on their yields in CrdL, only treatment
with the Eta produced antinociceptive action (Fig. 1D).

The antinociceptive effect of Eta was of the same magnitude
as that produced by CrdL. For this reason, the Eta was chosen for
dose-response and time-course studies (Fig. 2A and B). The Eta had
an antinociceptive effect from 0.5 up to 2 h after treatment, with an
ID5q value of 1.1 (0.6-2.1) mg/kg and maximal inhibition of 77 + 8%.
The antinociceptive effect of Eta was of the same magnitude as that
produced by morphine (10 mg/kg, p.o.).

To confirm their antinociceptive effect, we also investigate Eta
and CrdL action in the tail-flick test. In this model, both extracts also
showed significant antinociceptive effect (10 mg/kg; p.o.) (Fig. 3A
and B). The antinociceptive effect observed for CrdL started at 0.5
and lasted up to 1 h after treatment, while the Eta antinociceptive
effect lasted up to 2 h.

3.2. Side effects investigation

Firstly, we evaluated the alteration in gastrointestinal transit
produced by Mirabilis jalapa. In this study, Eta did not change gas-
trointestinal motility. On the other hand, CrdLor castor oil increased
the gastrointestinal transit in treated mice (Fig. 4).

We also evaluated the possible ulcerogenic activity of Mirabilis
jalapa. Neither Eta nor CrdL (10 mg/kg, p.o.) were induced ulcero-
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Fig. 1. (A and B) Dose-response curves for the antinociceptive effect of leaf (CrdL, A) and stem (CrdS, B) crude extracts of Mirabilis jalapa (p.o.) administered 1 h before acetic
acid test. (C) Time-course for the antinociceptive effect of leaf crude extract (CrdL, 10 mg/kg, p.o.) of Mirabilis jalapa. (D) Effect of the oral treatment with leaf crude extract
from Mirabilis jalapa (CrdL) or n-hexane (Hex), dichloromethane (Dich), ethyl acetate (Eta) or n-butanol (But) fractions on acetic acid-induced nociception. Data are expressed

as means + 5.E.M. of number of writhes observed 30 min after the administration of acetic acid (0.6%, 10 mL/kg, i.p.) in mice (n=7-8)." P<0.05,” P<0.01,”

P<0.001 compared

with vehicle group; * P<0.05 compared with Eta group; one-way ANOVA followed by SNK test.
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Fig. 2. (A) Dose-response for the antinociceptive effect of leaf ethyl acetate (Eta)
fraction (0.1-30 mg/kg, p.o.) of Mirabilis jalapa administered 1h before acetic acid
test. (B) Time-course for the antinociceptive effect of Eta (10 mg/kg, p.o.) of Mirabilis
jalapa against acetic acid-induced abdominal constriction test. Data are expressed
as means £ S.EM. of number of writhes observed 30 min after the administration of
acetic acid (0.6%, 10mL/kg, i.p.) in mice (n=7-8). P<0.05; "P<0.01 and """ P<0.001,
one-way ANOVA followed by SNK test (A) or two-way ANOVA followed by Bonferroni
test (B).
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(CrdL) extract (10 mg/kg, p.o.) from of Mirabilis jalapa in the gastrointestinal transit.
Data are expressed as means +5.EM. "P<0.05, one-way ANOVA followed by SNK
post hoc test.

genic activity, while indomethacin (100mg/kg, p.o., positive
control) induced the formation of gastric lesions [the medians
(25-75 percentiles) with lesion scores of 0.5 (0-1.5), 5.0 (4.5-5.5),
2.0 (1.5-2.0) and 0 (0-0.5) for vehicle, indomethacin, CrdL and Eta,
respectively].

We also investigated the effect of Eta or CrdL on motor perfor-
mance and body temperature. Neither Eta nor CrdL (10 mg/kg, p.o.)
altered body temperature or forced and spontaneous locomotion,
assessed in the rotarod and open-field tests, respectively (data not
shown). Finally, we assessed acute toxicity after Eta or CrdL admin-
istration. Treatment with either Fta or CrdL up to 3000 mg/kg did
not cause mortality in any of the animals.

3.3. Some possible mechanisms of action

In order to investigate some possible mechanisms of action
of Eta antinociceptive action, animals were pre-treated with opi-
oid or muscarinic receptor antagonists. Treatment with naloxone
(2mg/kg, i.p.) did not change the antinociceptive effect of Eta
(Fig. 5A), but greatly reversed the antinociception produced by mor-
phine. On the other hand, pre-treatment with atropine (10 mg/kg,
i.p.) completely prevented the antinociceptive effect of Eta (Fig. 5B)
and pilocarpine (positive control). This result suggests that the
muscarinic system, rather than the opioid system, might be
involved in the antinociceptive effect of Eta.

3.4. Acetylcholinesterase activity

As the muscarinic system is involved in the Eta antinoci-
ceptive effect, we investigated the possible action of Eta on
acetylcholinesterase activity in blood and spinal cord. We observed
that Eta treatment in vivo (10mg/kg, p.o.) did not alter acetyl-
cholinesterase activity in blood or spinal cord of treated mice
(acetylthiocholine hydrolyzed per hour per mg protein of 21.7 £ 5.6
and 179+ 5.9 or 0.30+0.07 and 0.28 = 0.04 in blood or spinal cord
after treatment with vehicle and Eta, respectively).

4. Discussion

Mirabilis jalapa is a native plant of tropical America that cur-
rently is widely cultivated in several countries as a decorative plant
(Lorenzi and Souza, 1999). Moreover, different parts of Mirabilis
jalapa have medicinal uses in several regions of the world, such as
Latin America, South Africa, Zaire, Madagascar, India and Pakistan,
where they are used as a laxative and to treat infections, inflam-
mation, and allergic and painful conditions (Kusamba et al., 1991;
Somavilla and Canto-Dorow, 1996; Dimayuga et al., 1998; Cortés et
al., 2004). Mirabilis jalapa is used as an analgesic in Madagascar and
Mexico to treat several painful conditions, including intestinal pain

Vehic Eta Morph Vehic Eta Morph

Vehicle Naloxone

)
3
J

Number of writhes

Vehic Eta Pil

Vehic Eta Pil

Vehicle Atropine

Fig. 5. Effect of naloxone (A, 2mg/kg, i.p.) or atropine (B, 5mg/kg, s.c.) on the
antinociceptive effect caused by leaf ethyl acetate fraction (Eta, 10 mg/kg, p.o.),
morphine (morph, 10 mg/kg, p.o.) or pilocarpine (Pil, 1 mg/kg, s.c.) in acetic acid con-
striction test in mice. Data are expressed as means +5.E.M. ™ P< 0,001, as compared
with vehicle plus vehicle group, * P< 0.05, compared with vehicle plus morphine or
pilocarpine groups, one-way ANOVA followed by SNK test.

and that produced by scorpion and bee stings (Kusamba et al., 1991;
Dimayuga et al., 1998). Furthermore, in the state of Rio Grande do
Sul in the South of Brazil, where the current study was carried out,
the leaves of Mirabilis jalapa are popularly used as an analgesic and
anti-inflammatory agent (Somavilla and Canto-Dorow, 1996). How-
ever, to our knowledge, there is no study confirming the analgesic
activity of Mirabilis jalapa in laboratory conditions. However, it has
been demonstrated that some other plants of the Nyctaginaceae
family, such as Boerhaavia diffusa and Bougainvilla spectabilis, pre-
sented analgesic activity (Hiruma-Lima et al., 2000; Malairajan et
al., 2006). Here, we have shown that crude extracts from leaves and
stems of Mirabilis jalapa as well as the Eta from leaves have antinoci-
ceptive activity in mice. Moreover, the antinociceptive effect of
Mirabilis jalapa seems to be related to stimulation of the muscarinic
system, but not related with alterations of motor ability, body tem-
perature, gastrointestinal transit and stomach integrity.

One of the most used tests for screening possible analgesic com-
pounds is the writhing test using diluted acetic acid (Negus et al.,
2006). This test revealed that crude extracts from leaves and stems
of Mirabilis jalapa exhibited antinociceptive activity. However, the
leaf extract was about three-fold more potent to produce antinoci-
ception than the stem extract. Among all fractions tested from the
leaf extract, Eta was the only one that produced antinociceptive
action in a dose compatible with its yield in the crude extract. More-
over, Eta was about five times more potent than the CrdL in the
writhing test and displayed a longer time of action. Of note, the
efficacy and potency of Eta was similar to morphine in this test.
Although the acetic acid test is good for screening studies, it can be
subject to false-positive results (Franklin and Abbott, 1989). Thus,
we confirmed our results by using the tail-flick test. In this test, it
was observed that both Eta and CrdL produced an antinociceptive
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effect with the same duration of action. The tail-flick test is insen-
sitive to non-steroidal anti-inflammatory drugs, but is sensitive to
centrally acting analgesics, such as opiates (Franklin and Abbott,
1989).

Thus, we first investigated the role of the opioid system on the
antinociceptive effect of the Eta. Pre-treatment with naloxone did
not reverse the antinociceptive effect induced by Eta in conditions
where it greatly prevented the antinociceptive effect of morphine.
This result suggests that the opioid system did not participate
in the antinociceptive effect of Mirabilis jalapa. Besides the opi-
oid system, the cholinergic system, especially through muscarinic
receptors, is an important modulator of pain in the central ner-
vous system (Wess et al., 2007). Our present study has shown that
pre-treatment with atropine completely prevented the antinoci-
ceptive effect of Eta, demonstrating a critical role of the cholinergic
muscarinic system in Eta antinociception. Cholinesterase inhibitors
have been shown to have an antinociceptive effect, which is medi-
ated through spinal cord cholinergic receptors, mainly muscarinic
(Yoon et al., 2003). However, we have found that Eta did not alter
acetylcholinesterase activity in the blood or spinal cord of treated
mice. This result suggests that the antinociceptive action of the Eta
from Mirabilis jalapa did not involve acetylcholinesterase inhibi-
tion. Thus, other targets of the cholinergic system could be altered
by Mirabilis jalapa, such as a direct receptor interaction or a stim-
ulation of acetylcholine release. However, further studies must be
carried out to elucidate this point.

Although it demonstrated involvement in the cholinergic mus-
carinic system to induce antinociception, Eta did not modify the
gastrointestinal motility in mice. It has been demonstrated that
non-selective muscarinic agonists produced increases in mice gas-
trointestinal transit, while M1, M2 or M3 selective agonist receptors
failed to produce any significant changes (Williams et al., 1992).
On the other hand, CrdL increased gastrointestinal transit. This last
result agrees with the popular use of Mirabilis jalapa as a laxative.
Furthermore, the fraction of the crude extract from leaves with ethyl
acetate seems to reduce the amount of active substances responsi-
ble for gastrointestinal motility interference.

A major concern in experiments designed to evaluate the anal-
gesic action of new agents is whether pharmacological treatment
causes other behavioral alterations, such as altering motor coordi-
nation, causing sedation or producing hypothermia, which could
be misinterpreted as analgesia (Negus et al., 2006). Treatment
with the Eta did not cause any alteration in the rotarod and open
field tests, nor in rectal temperature. Different from non-steroidal
anti-inflammatory drugs, neither the Eta nor the CrdL produced
ulcerogenic activity. This result reinforces the idea that the leaf Eta
induces antinociception without significant side effects.

Furthermore, we have found that the acute treatment of mice
with the Eta and CrdL from Mirabilis jalapa (up to 3000 mg/ke,
p.o.) did not cause death of any animal. On the other hand, Rocha
(2006) found that high doses of the hexanic fraction from Mirabilis
Jjalapa leaf methanolic extract (1000-3000 mg/kg) administered by
intraperitoneal route induced acute toxicity in female mice with
a LDsq of 2009 mg/kg. Several differences between our study and
that of Rocha (2006) may explain these discrepant findings, includ-
ing the kind of fraction used (ethyl acetate vs. hexanic), the route
of administration (oral vs. intraperitoneal) and the gender of mice
(male vs. female). However, more studies must be carried out to
further assess the toxicity of Mirabilis jalapa.

5. Conclusion

Taken together, the results presented in the current study show
that the CrdL or Eta from Mirabilis jalapa administered orally to

mice, produces antinociceptive action. Thus, the present study con-
firms the efficacy of this plant used in traditional folk medicine.

Acknowledgements

This study was supported by Conselho Nacional de Desenvolvi-
mento Cientifico (CNPq), by Coordena¢ao de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) and by Fundacdo de Amparo a
Pesquisa do Estado do Rio Grande do Sul (FAPERGS) (Brazil). The
fellowships from CNPq and CAPES are also acknowledged.

References

Aoki, K., Cortés, AR, Ramirez, M.C., Gomez-Hernandez, M., Lépez-Munoz, EJ., 2008.
Pharmacological study of antispasmodic activity of Mirabilis jalapa Linn. flowers.
Journal of Ethnopharmacology 116, 96-101.

Bruce, R.D., 1985. An up-and-down procedure for acute toxicity testing. Fundamental
and Applied Toxicology 5, 151-157.

Calixto, J.B., Beirith, A., Ferreira, |., Santos, A.R., Filho, V.C., Yunes, R.A., 2000. Naturally
occurring antinociceptive substances from plants. Phytotherapy Research 14,
401-418.

Corréa, M.P, 1984. Dicionario das Plantas Uteis do Brasil e das Exéticas Cultivadas.
Imprensa Nacional, Rio de Janeiro, pp. 134-135.

Cortés, A.R,, Lara, C.B., Aoki, M.K., 2004, Screening and selection of plants by pos-
itive pharmacologic effect on jejunum muscular contractility. Pharmaceutical
Biology 42, 24-29.

D'Amour, EE., Smith, D.L, 1941. A method for determining loss of pain sensation.
The Journal of Pharmacology and Experimental Therapeutics 72, 74-79.

Dimayuga, R.E., Virgem, M., Ochoa, N., 1998. Antimicrobial activity of medicinal
plants of Baja Calif6rnia Sur/México. Pharmaceutical Biology 36, 33-43.

Ferreira, J., Floriani, A.E., Filho, V.C,, Delle Monache, ., Yunes, R.A., Calixto, ].B., San-
tos, A.R., 2000. Antinociceptive properties of the methanolic extract and two
triterpenes isolated from Epidendrum maosenii stems (Orchidaceae). Life Science
66, 791-802.

Franklin, K.B.J., Abbott, EV., 1989. Techniques for assessing the effects of drugs on
nociceptive responses. In: Boulton, A.A., Baker, G.B., Greenshaw, A.]. (Eds.), Neu-
romethods: Psychopharmacology. Humana Press, Clifton, pp. 145-216.

Hiruma-Lima, C.A., Gracioso, .5, Bighetti, E.J., Germonsén Robineou, L., Souza Brito,
AR., 2000. The juice of fresh leaves of Boerhaavia diffusa L. (Nyctaginaceae)
markedly reduces pain in mice. Journal of Ethnopharmacology 71, 267-274.

Kataoba, ]., Habuga, N., Furuno, M., Miyane, M., Takanami, Y., Koiwai, A., 1991. DNA
sequence of Mirabilis antiviral protein (MAP), a ribosome-inactivating protein
with an antiviral property from Mirabilis jalapa L. and its expression in Escherichia
coli. Journal of Biological Chemistry 266, 8426-8430.

Kusamba, C., Byamana, K., Mbuyi, W.M., 1991. Antibacterial activity of Mirabilis jalapa
seed powder. Journal of Ethnopharmacology 35, 197-199.

Linter, K., 2002. Cosmetic or dermo-pharmaceutical compositions containing four
o'clock (Mirabilis jalapa) plant extracts. Patent, Pub. No. W0/2002/047653.

Lorenzi, H., Souza, H.M., 1999. Plantas Ornamentais no Brasil: Arbustivas, Herbaceas
e Trepadeiras. Nova Odessa, S3o Paulo, p. B08.

Magistretti, M.J., Conti, M., Cristoni, A., 1988. Antiulcer activity of an anthocyanidin
from Vaccinium myrtillus. Arzneimittelforschung 38, 686-690.

Malairajan, P., Gopalakrishnan, G., Narasimhan, 5., Veni, KK, 2006. Analgesic
activity of some Indian medicinal plants. Journal of Ethnopharmacology 108,
425-428.

Milano, J., Oliveira, S.M., Rossato, M.E, Sauzem, P.D., Machado, P., Beck, P., Zanatta,
N., Martins, M.A., Mello, C.F, Rubin, M.A., Ferreira, ]., Bonacorso, H.G., 2008.
Antinociceptive effect of novel trihalomethyl-substituted pyrazoline methyl
esters in formalin and hot-plate tests in mice. European Journal of Pharmacology
26, 86-96.

Negus, S.S., Vanderah, TW., Brandt, M.R,, Bilsky, E]., Becerra, L., Borsook, D.,
2006. Preclinical assessment of candidate analgesic drugs: recent advances and
future challenges. Journal of Pharmacology and Experimental Therapeutics 319,
507-514.

Otuki, M.E,, Lima, EV., Malheiros, A., Cechinel-Filho, V., Delle Monache, F., Yunes,
R.A., Calixto, J.B., 2001. Evaluation of the antinociceptive action caused by ether
fraction and a triterpene isolated from resin of Protium kleinii. Life Science 69,
2225-2236.

Pereira, M.E., Adams, AL, Silva, N.5., 2004. 2 5-Hexanedione inhibits rat brain acetyl-
cholinesterase activity in vitro. Toxicology Letters 146, 269-274.

Quer, PF, 1962. Plantas Medicinales—El Dioscérides Renovado. Editorial Labor,
Barcelona, pp. 161-162.

Rocha, L.T., 2006. Importancia da investigagio farmacolégica de Mirabilis jalapa
Linn. Validagdo de sua investigagdo. Master in Sciences thesis, Programa de Pds-
graduagdo em Ciéncias Farmacéuticas. Universidade Federal de Pernambuco,
Brazil.

Sheardown, M.J., Shannon, H.E., Swedberg, M.D., Suzdak, PD., Bymaster, FP., Olesen,
PH., Mitch, CH., Ward, ].S., Sauerberg, P, 1997. M, receptor agonist activity is
not a requirement for muscarinic antinociception. Journal of Pharmacology and
Experimental Therapeutics 281, 868-875.



41

C.L.B. Walker et al. / Journal of Ethnopharmacology 120 (2008) 169-175 175

Siddiqui, B.S., Adil, Q., Begum, S., Siddiqui, S., 1994. Terpenoids and steroids of the
aerial parts of Mirabilis jalapa Linn. Pakistan Journal of Scientific and Industrial
Research 37, 108-110.

Siddiqui, 5., Siddiqui, B.S., Adil, Q., Begum, 5., 1990. Constituents of Mirabilis jalapa.
Fitoterapia 61, 471.

Somavilla, N., Canto-Dorow, T.S., 1996. Levantamento das plantas medicinais uti-
lizadas em bairros de Santa Maria-RS. Ciéncia e Natura 18, 131-148.

Wess, |., Eglen, RM., Gautam, D., 2007. Muscarinic acetylcholine receptors: mutant
mice provide new insights for drug development. Nature Reviews Drug Discov-
ery 6, 721-733.

Williams, P.D., Colbert, W.E., Shetler, T]J., Turk, J.A., 1992. Comparative pharma-
cological profile of muscarinic agonists in the isolated ileum the pithed rat,

and the mouse charcoal meal transit test. General Pharmacology 23, 177-
185.

Worek, F, Mast, U., Kiderlen, D., Diepold, C., Eyer, P., 1999. Improved determination
of acetylcholinesterase activity in human whole blood. Clinical and Chimica Acta
288, 73-90.

Yoon, M.H., Choi, .I, Jeong, 5.W., 2003. Antinociception of intrathecal cholinesterase
inhibitors and cholinergic receptors in rats. Acta Anaesthesiologica Scandinavica
47, 1079-1084.

Yue, C.Q., Ye, ]., Li, C.L, Li, BT, Sun, Q., 2007. Antinociceptive effects of the novel spiro-
cyclopiperazinium salt compound LXM-10 in mice. Pharmacology Biochemistry
and Behaviour 86, 643-650.



42

5.2 MANUSCRITO

Antinociceptive effect of Mirabilis jalapa on acute and

chronic pain models in mice

Cristiani I.B. Walker?, Gabriela Trevisan®, Mateus F. Rossato?, Cassia R. Silva?,
Franciele V. Pinheirob, Gerusa D. Dalmolin?, Carina Franciscato?®, Maria B.

Moretto®, Melania P. Manfron®, Maria E. Pereira?, Juliano Ferreira®P°*

®Programa de Pés-Graduacdo em Ciéncias Bioldgicas: Bioguimica
Toxicoldgica, PPrograma de Pds-Graduacdo em Farmacologia, *Programa de
Pos-Graduacdo em Ciéncias Farmacéuticas, Universidade Federal de Santa

Maria, Santa Maria, RS, Brazil.

*Corresponding author: Departamento de Quimica, Universidade Federal de
Santa Maria, Avenida Roraima 1000, Cidade Universitaria, Camobi, CEP
97105-900, Santa Maria, RS, Brazil. Tel.: + 55 55 3220 8053; fax: +55 55 3220
8031.

E-mail: ferreiraj99@gmail.com



43

ABSTRACT

Aim of the study: The infusion or decoction of Mirabilis jalapa leaves is used in
traditional medicine in Southern Brazil to treat painful diseases. Thus, the
present study was designed to investigate whether the leaf ethyl acetate (Eta)
fraction from M. jalapa exhibits antinociceptive effect in clinically relevant pain
models in mice. Furthermore, we have investigated the role of cholinergic
system in the antinociceptive action produced by Eta.

Materials and methods: The effect of Eta administered orally (10 mg/kg, p.o.)
in mice was verified on the painful hypersensitivity (mechanical allodynia) in
models of arthritic (subcutaneous injection of complete Freund's Adjuvant-CFA
in the plantar surface of the right hindpaw), postoperative (paw surgical incision)
and neuropathic (partial sciatic nerve ligation) pain. In the arthritis model, we
further verified the effect of Eta treatment on paw edema and interleukin-10 (IL-
1B) levels. We also investigated the role of muscarinic and nicotinic receptors in
the anti-allodynic action produced by Eta as well as the possible action of Eta
on in vitro and ex vivo acetylcholinesterase activity

Results: Eta produced marked antinociception in allodynia caused by CFA,
surgical incision and partial sciatic nerve ligation. However, Eta did not alter the
paw edema or the increase of IL-13 levels produced by CFA. The
antinociceptive effect of Eta was reversed by the pre-treatment of animals with
the antagonists of muscarinic (atropine, 5 mg/kg, s.c) or nicotinic
(mecamylamine, 0.001 mg/kg, s.c.) receptors. Eta did not alter in vitro
acetylcholinesterase activity in blood or spinal cord samples, but it reversed the
increase in the acetylcholinesterase activity observed in the spinal cord samples

from mice injected with CFA.
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Conclusions: Based on its use in traditional medicine, the results of the
present study confirmed the antinociceptive properties of Eta in clinically
relevant pain models, an effect that seems to be dependent of the cholinergic
system.

Keywords: Nyctaginaceae, pain, muscarinic, nicotinic, antinociceptive, ethyl

acetate fraction.
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1. INTRODUCTION

The therapeutic treatments available today to treat painful diseases
usually have limited effectiveness and safety, particularly to treat chronic pain.
In fact, the repeated use of the non-steroid anti-inflammatory drugs by arthritic
patients may induce several adverse effects, such as gastrointestinal lesions or
renal and liver failure (Rao and Knaus, 2008, Lam and Ng, 2010). Furthermore,
some painful conditions, such as neuropathic pain, are refractory to the current
analgesic drugs, including opioids (Portenoy and Hagen, 1990; Ferreira et al.,
2005, Trevisan et al., 2009). It is therefore very important the search for new
products that may be used in the treatment of such illnesses. Over the years,
natural products have showed to be an unparalleled source of molecular
diversity to drug discovery and currently have been used in modern medicine,
especially in the treatment of pain (Shu, 1998).

Mirabilis jalapa belongs to the family Nyctaginaceae and is known as
‘maravilha’ or ‘bonina’ in Brazil and ‘four o’clock’ in different countries. Its leaves
are used as decoction in folk medicine in Southern Brazil to treat inflammatory
and painful diseases (Corréa, 1984; Siddiqui et al., 1990; Somavilla and Canto-
Dorow, 1996; Lorenzi and Souza, 1999). Recently, we reported that Mirabilis
jalapa extract (Eta) presented antinociceptive effect in acetic acid-induced
writhing and tail-flick tests in mice, an effect that was dependent of muscarinic,
but not opioid receptors (Walker et al., 2008). We also observed that single oral
treatment with Eta did not alter locomotor activity, body temperature or
gastrointestinal transit and did not produce gastric lesions (Walker et al., 2008).
Thus, Eta presents an attractive pharmacological profile (efficacious

antinociceptive properties and reduced side effects), which suggests its use in
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pathological painful conditions. However, the antinociceptive effect of M. jalapa
was only verified in acute and non-clinically relevant models of pain.

Therefore, the present study was designed to investigate whether Eta
exhibits antinociceptive effects in three models of pain, arthritic pain caused by
complete Freund's Adjuvant (CFA), postoperative pain caused by surgical
incision and neuropathic pain induced by partial sciatic nerve ligation in mice.
Furthermore, we have investigated the role of cholinergic system in the

antinociceptive action produced by Eta.
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2. MATERIALS AND METHODS

2.1. Plant Material

The plant material was collected in March 2006, in Santa Maria, in the
State of Rio Grande do Sul, Brazil. A voucher specimen number SMDB 10.077
was deposited at the Herbarium of the Botany Department, Federal University

of Santa Maria (UFSM), Brazil.

2.2. Extraction and Fractionation

Fresh leaves were dried under ventilation (45°C). Previously powdered
dried leaves were macerated with ethanol/water (70:30) at room temperature.
The crude hydroethanolic extracts was concentrated until dryness in a rotary
evaporator. The dry hydroethanolic extract was dissolved in methanol/water
(10:90) and partitioned with n-hexane, dichloromethane, ethyl acetate or n-
butanol, respectively. All the fractions were tested in a previous study and the
ethyl acetate fraction was more efficacious and potent to induce antinociception.
Moreover, the ethyl acetate fraction did not present toxicity (Walker et al.,
2008). For this reason, the ethyl acetate fraction was chosen in the current

study and termed Eta.

2.3. Animals

Adult male albino Swiss mice (25-35 g) bred in our animal house were
used. Animals were housed at controlled temperature (22 + 2°C) with a 12h-

light/dark cycle, standard lab chow and tap water ad libitum. Animals were
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habituated to the experimental room for at least 2 h before the experiments and
used only once. All protocols employed have been approved by the Local
Ethic’'s Committee (process number: 23081.010134/2007-66) and are in
accordance the US guidelines for the care and use of Laboratory animals (NIH
publication #85-23, revised in 1985). The number of animals and intensity of
noxious stimuli used were the minimum necessary to demonstrate the

consistent effects of the drug treatments.

2.4. Drug administration

A previous study carried out in our laboratory showed that the dose of 10
mg/kg of Eta was more efficacious and potent to induce antinociception (Walker
et al., 2008). Thus, we have used this dose to investigate the antinociceptive

effect of this plant in several pain models.

2.5. Nociception measurement

The nociception was measured by the intensity of mechanical allodynia,
a painful hypersensitivity produced by previously innocuous mechanical stimuli,
which is characteristic of pathological chronic pain. Mechanical allodynia was
assessed using the up-down paradigm as described previously (Souza et al.,
2008). Mice were placed in clear plastic chambers (7x9%x11 cm) on an elevated
surface and allowed to acclimatize to their environment for 2 hours before
testing. Von Frey filaments of increasing stiffness (0.02-10 g) were applied to
the mice hind paw plantar surface with a pressure causing the filament to bend.
Absence of a paw lifting after 5 seconds led to the use of the next filament with

increasing weight, and paw lifting indicated a positive response and led to the
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use of next weaker filament. This paradigm continued until a total of six
measurements. The 50% mechanical paw withdraw threshold response was
then calculated from the resulting scores as described previously (Dixon, 1980).
The frequency of mechanical paw withdrawal was determined before (baseline)

and after nociception induction.

2.6. Arthritis model: CFA-induced nociception, edema and IL-18 increment

The investigation of antinociceptive property of Eta was first evaluated in
the CFA-induced paw inflammation, a model of chronic arthritic pain. Before
CFA injection, baseline measurement of mechanical paw withdrawal (described
above) and paw thickness (assessed with a calipter- Mytutoio, Japan) were
carried out. After baseline measurements, animals were anesthetized with
halothane and 20 pL of CFA (suspension of heat-killed Mycobacterium
tuberculosis in oil) was injected subcutaneously in the plantar surface of the
right hind paw of the animal (Ferreira et al., 2001). Forty eight hours after, the
development of mechanical allodynia (reduction in the paw withdraw threshold)
and paw edema (increase in the paw thickness as compared with baseline
values) was assessed as previously described (Milano et al., 2008).

To evaluate the acute effect of Eta, animals received a single
administration of Eta (10 mg/kg, p.o.) or vehicle (5% tween 80, 20%
polyethilenoglycol and 75% saline, p.o.) orally. The mechanical allodynia and
the paw edema were measured from 30 min to 24 h after treatment. To
investigate the effects of the repeated treatment, mice received one injection of
Eta (10 mg/kg, p.o.) or vehicle daily for 7 days. On days 1 to 7, mechanical

allodynia and the paw edema were evaluated before and 1 h after treatments
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(day 1 corresponds to the first day of the treatment, 48 h after CFA injection).
The measurements taken before the daily injection of the drugs were used to
verify the cumulative effect of the treatment and those taken 1 h after
treatments were used to identify the development of tolerance.

Two hours after the end of the treatment, the animals were euthanized by
pentobarbital overdose (10 mg/kg, i.p.) and the tissue of paw was immediately
collected and stored in liquid nitrogen. In the day of analysis, the tissue was
defrosted and placed in an 80 mM PBS (pH 7.4) solution containing: 0.5 %
Tween 20, 0.1 mM PMSF, 2 mM EDTA, 0.01 pg/ml antitrypsin, 0.1% bacitracin
and 0.1% BSA. The tissue was homogenized, centrifuged at 16000 x g for 10
min and the supernatant obtained was used to determine the IL-1( levels with a
two site enzyme-linked immunoassay (DuoSet ELISA Development System,
mice IL-1B, R&D Systems Inc., MN, USA). Using a curve plotted from standard

solutions, cytokine level was calculated as pg IL-1 / mg tissue.

2.8. Postoperative model: Surgical incision-induced nociception

The postoperative pain model was carried out according to the procedure
described to mice (Pogatzki and Raja, 2003, Milano et al., 2008). Before
surgery, baseline measurement of mechanical paw withdrawal was carried out.
Later, mice were anesthetized with 2% halothane via a nose cone. After anti-
septic preparation of the right hind paw, 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
toward the toes. The underlying muscle was elevated with a curved forceps,

leaving the muscle origin and insertion intact. The skin was apposed with a
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single mattress suture of 6.0 nylon. Control mice underwent a sham procedure
that consisted of anesthesia and antiseptic preparation without an incision.
Mechanical allodynia was measured as described above. The preventive
effects of the orally administered drugs were evaluated in mice receiving either
Eta (10 mg/kg, p.o.) or vehicle (10 mg/mL, p.o.), 0.5 h before the incisional
procedure. To evaluate the curative effect of the drugs, the animals received
Eta (10 mg/kg, p.o.) or vehicle (10 mg/mL, p.o.), 1 h after the incisional
procedure. Either in preventive or curative treatment, mechanical allodynia was

recorded 1, 2 and 4 h after administration.

2.9. Neuropathy model: Partial sciatic nerve ligation-induced nociception
Neuropathy was induced by a partial ligation of the sciatic nerve under
deep anesthesia (Ferreira et al., 2005; Souza et al., 2008, Trevisan et al, 2009).
Briefly, mice were anesthetized intraperitoneally using a mixture of 90 mg/Kg of
ketamine plus 3 mg/Kg of xylazine. A partial ligation of the right sciatic nerve
was made by tying one-third to one half of the dorsal portion of the sciatic nerve
(Malmberg and Basbaum, 1998). In sham-operated mice, the nerve was
exposed without ligation. Seven days after surgical procedure, the mechanical
allodynia was evaluated at different intervals (0.5, 1, 2 and 4 h) after Eta (10
mg/mkg, p.o) or vehicle (10 mg/mL, p.o) treatment. Before trauma, baseline

measurement of mechanical paw withdrawal was carried out.

2.10. Assessment of cholinergic system involvement in the

antinociceptive activity of Eta
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Once we previously described the participation of muscarinic receptor
over the nociception induced by Eta (Walker et al., 2008), we investigated the
participation of cholinergic receptors on the antinociceptive effect of Eta in the
CFA-induced nociception, as described above. Baseline measurement of
mechanical paw withdrawal was carried out and then mice were injected with
CFA. Forty-eight hours later, mechanical allodynia was measured and mice
were pre-treated with atropine (5 mg/kg, subcutaneous route, s.c.; a muscarinic
receptor antagonist), mecamylamine (0.001 mg/kg, s.c.; a nicotinic receptor
antagonist) or saline. Fifty minutes after, mice were treated with Eta (10 mg/kg,
p.o) or vehicle and 75 min after, mechanical allodynia was measured again.

The ex vivo activity of acetylcholinesterase was assessed after the
behavioral assessment in the CFA model. Animals were euthanized by
pentobarbital overdose (10 mg/kg, i.p.) and tissues were collected to detect the
enzyme activity. Blood was immediately collected from the hepatic vein, using a
heparinized syringe, and diluted 1:100 in phosphate buffer (0.1 M, pH 7.4) with
0.03% Triton X-100. Lumbar portion of the spinal cord was also collected by
mechanical extrusion using cold saline. Spinal cord samples were homogenized
in 1 mL of potassium phosphate buffer (0.1 mM, pH 7.4) and diluted 1:5 in the
same buffer. After preparation, both samples were frozen until analysis of the
acetylcholinesterase activity.

The reaction was started adding 500 pL of blood sample, 1 mL of
phosphate buffer and 50 pL of 5,5'-dithiobis-2-nitrobenzoic acid (DTNB, 10
mM). After pre-incubation in a water bath at 37°C during 3 min, the reaction was
initiated by adding acetylthiocholine (ATC, 28.4 mM). To evaluate the effect of

Eta on lumbar spinal cord or brain, 25 puL of sample, 1 mL of potassium
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phosphate buffer and 50 puL of DTNB (23 mM) were mixed. After pre-incubation
in a water bath at 30°C during 2 min, the reaction was initiated by adding ATC
(36 mM). The development of color was measured at 436 nm for blood (Worek
et al., 1999) and 412 nm for spinal cord (Pereira et al., 2004). Results were
expressed in UM ATC hydrolysed/hour/mg protein.

For the in vitro acetylcholinesterase activity, blood of naive mice was
collected from the hepatic vein, using a heparinized syringe. The sample was
diluted 1:100 in phosphate buffer (0.1 M, pH 7.4) with 0.03% Triton X-100.
Lumbar spinal cord samples were also collected from the same animals by
mechanical extrusion using cold saline. These samples were homogenized in
1mL of potassium phosphate buffer (0.1 mM, pH 7.4) and diluted 1:5 in the
same buffer. After preparation, both samples were frozen until analysis.

The reaction was started adding 25 pL of Eta (1 and 10 pg/mL) to 500 pL
of blood sample, 1 mL of phosphate buffer, 50 uL of DTNB 10 mM and 10 pL of
ethopropazine (3 mM). After pre-incubation in a water bath at 37°C during 5
min, the reaction was initiated by adding acetylthiocholine (ATC; 28.4 mM). To
evaluate the effect of Eta over spinal cord acetylcholinesterase, 25 pL of Eta (1
and 10 pg/mL) was added to 25 pL of spinal cord sample, 1 mL of potassium
phosphate buffer and 50 uL of DTNB 23 mM. After pre-incubation in a water
bath at 30°C during 5 min, the reaction was initiated by adding ATC (36 mM).
The color development was measured at 436 nm for blood (Worek et al., 1999)
and 412 nm for spinal cord (Pereira et al., 2004). Results were expressed in

Aextinction/minute.
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2.11. Statistical analysis

Results were expressed as mean + S.E.M. Data were analyzed by
Student’s t-test, one or two-way analysis of variance (ANOVA). Post-hoc tests

(Student-Newman-Keuls test-SNK) were carried out when appropriate.
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3. RESULTS

3.1. Effects of Eta on mechanical allodynia and paw edema induced by
intraplantar injection of CFA

It was possible to observe that intraplantar injection of CFA produced
marked mechanical allodynia and paw edema 48 h after injection. The single
oral administration of Eta (10 mg/kg, p.o.) reduced mechanical allodynia
induced by CFA from 1 to 2 h after its administration (Figure 1A). The maximal
effect was observed 1 h after administration with an inhibition of 65+12%.
However, the single treatment with Eta (10 mg/kg, p.o.) failed to reduce the paw
edema produced by intraplantar injection of CFA in the same time points where
anti-allodynic effect was observed (Figure 2A).

To investigate the effects of the repeated treatment, mice received one
injection of Eta (10 mg/kg, p.o.) or vehicle daily for 7 days. From days 1 to 7,
mechanical allodynia and the paw edema were evaluated before and after 1 h.
In Figures 1B and Figure 2B, the threshold responses and paw edema of the
animals 1 h after treatment from days 1 to 6 are shown. The results obtained
demonstrated no decrease in the effectiveness of the Eta anti-allodynic effect
during the observation period (Figure 1B). However, different from single
treatment, repeated treatment with Eta was capable of reducing paw edema on
days 5, 6 and 7 (Figure 2B). The Figures 1C and 2C showed the cumulative
effect (24 h after each administration) of repeated treatment with Eta (10 mg/kg,
p.o.) or vehicle daily on CFA-induced allodynia and edema, respectively. The
values for days 1 to 6 represent the thresholds 24 h after drug administration

onwards. It is possible to note, in Figure 1C, that Eta showed antinociceptive
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action from day 2 up to the last day of observation. Eta treatment also reduced

paw edema from day 4 to day 6 (Figure 2C).

3.2. Effects of Eta on the IL-1B levels in the CFA model

We were not capable of detecting IL-1B in paw tissue of animals 9 days
after intraplantar saline injection. However, intraplantar CFA injection caused a
detectable increase in IL-1f3 level in inflamed tissue 9 days after CFA injection
(Figure 3). The repeated treatment with Eta for 7 days was not able to
significantly alter the increase of the IL-13 levels in CFA-injected mice (Figure

3).

3.3. Effects of Eta on mechanical allodynia induced by paw surgical
incision

Once we observed Eta effect over CFA chronic inflammation model, we
next investigated its preventive and curative effect over acute nociception
induced by paw incision. The plantar incision produced a marked mechanical
allodynia in the incised paw. Preventive treatment with Eta (10 mg/kg, p.o., 0.5
h before incision) significantly decreased mechanical allodynia 2 h after
treatment with an inhibition of 44+9% (Figure 4A). The curative treatment with
Eta (10 mg/kg, p.o., 1 h after incision) also reduced mechanical allodynia 1 and
2 h after treatment (Figure 4B). In this case, the inhibition obtained 2 h after

drug administration was 85+7%.

3.4. Effects of Eta on the mechanical allodynia induced by partial nerve

ligation
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We next investigated the Eta effect in an animal model of neuropathic
pain. The partial ligation of mice sciatic nerve produced a decrease of
mechanical threshold, measured 7 days after nerve injury, compared to the
sham-operated group (Figure 5A). Eta (10 mg/kg, p.0.) was markedly effective
in reducing the mechanical allodynia 1 to 2 h after treatment (Figure 4A), with
an inhibition of 66+£12%. Moreover, Eta did not alter the detection of normal

mechanical stimuli assessed in sham-operated mice (Figure 5B).

3.5. Effect of cholinergic system on Eta antinociceptive effect

We next investigated the participation of muscarinic and nicotinic
receptors in Eta anti-allodynic effect on the chronic inflammatory pain model
induced by CFA. The treatment of mice either with the muscarinic receptor
antagonist atropine (5 mg/kg, s.c.) or with the nicotinic receptor antagonist
mecamylamine (0.001 mg/kg, s.c.) prevented the antinociceptive effect of Eta
(10 mg/kg, p.o.) in the CFA model (Figure 6A and B).

As an alteration on AChE activity may lead to an increase in
acetylcholine levels, resulting in antinociception through cholinergic receptor
stimulation, we investigated the possible action of Eta on AChE activity. We
observed that the incubation of Eta (1 and 10 pg/mL) in vitro did not alter AChE
activity in blood or spinal cord samples (Table 1). However, we observed an
increase in the ex vivo AChE activity in lumbar spinal cord, but not in blood, of
animals treated with CFA when compared with intraplantar saline (Figure 7A
and B). We also observed that Eta treatment prevented the increase in AChE
activity produced by the CFA injection in lumbar spinal cord, however, it did not

alter the enzyme activity in saline injected mice (Figure 7A).
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4. DISCUSSION

The infusion or decoction of Mirabilis jalapa leaves is used in traditional
medicine in Brazil to treat inflammatory and painful diseases. In the present
study, we demonstrated that Eta produces antinociception in animal models of
arthritis, postoperative and neuropathic pain. Moreover, the cholinergic system
seems to be involved in the antinociceptive action of Eta.

Arthritis represents one of the most prevalent chronic health problems
that cause functional disability, significant pain and joint destruction, leading to
premature mortality (Kvien, 2004). Conventional medicine, including treatment
with steroids, non-steroidal anti-inflammatory drugs as well as tumor necrosis
factor-a (TNFa) and interleukin-1 B (IL-1B) antagonists, has shown only limited
success against all forms of arthritis. Along with these therapies, folk medicine
has been an alternative to treat arthritis and several plants have shown effective
results in the treatment of painful diseases, such as arthritis (Zhanga et al.,
2009). In this study we used the model of intraplantar injection of CFA as a
model of chronic arthritis, since it is effective in mimicking some characteristics
of human arthritis, such as the development of allodynia, edema and induction
of pro-inflammatory cytokines (Joe and Wilder, 1999). In the current study, we
demonstrated that a single oral administration of Eta produced antinociceptive,
but not anti-edematogenic action, in CFA-induced inflammation in mice. On the
other hand, the repeated treatment with Eta was capable of reducing both
nociception and edema produced by CFA, without altering the levels of the pro-
inflammatory cytokine IL-1p in the inflamed tissue Since the treatments started

2 days after CFA injection, both single and repeated treatments with Eta were
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effective in reversing an established painful hypersensitivity, which is similar to
the curative effect produced by drugs clinically used to treat arthritis (Attal et al.,
1988, Ferreira et al.,, 2001, Rossato et al.,, 2010). Furthermore, Eta had a
cumulative effect after the second day of treatment because its effects began to
appear 24 h after the second administration. Taken together, these findings are
certainly relevant, considering that chronic pain is difficult to treat since it is
quite resistant to most of the analgesic drugs currently available on the market
(Ashburn and Staats, 1999).

Non-steroidal or steroidal anti-inflammatory drugs have been reported to
reduce the development of allodynia and paw swelling in inflammation induced
by injection of adjuvant arthritis in rodents, while opiates produce anti-allodynic,
but not anti-edematogenic effects (Li and Zhao, 2003, Nagakura et al., 2003).
Moreover, steroidal, but not non-steroidal anti-inflammatory drugs, reduced the
levels of pro-inflammatory cytokines in CFA-injected tissue (Safieh-Garabedian
et al., 2005). Thus, the profile of the effect exerted by Eta in CFA-induced
inflammation is similar to non-steroidal anti-inflammatory drugs and different
from opiates. Accordingly, we detected that the anti-allodynic effects of Eta
were not susceptible to tolerance (as occurs with opioids), once the effect
remains unaltered during the treatment and the antinociception of Eta in an
acute pain model was not reversed by naloxone (Walker et al., 2008).

In several painful processes, it is well known the participation of
cholinergic system. Some works described the anti-inflammatory and anti-
nociceptive effect of cholinergic activation (Schechtmann et al.,, 2008; Rosas-
Ballina and Tracey, 2009). Recently, we reported that the treatment with

muscarinic antagonist completely prevented the antinociceptive effect of Eta in
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an acute model of pain (Walker et al., 2008). Here, we investigated whether or
not cholinergic receptors could be involved in antinociception induced by Eta in
a chronic model of pain. Similar to that observed in the acute model, muscarinic
receptors are involved in the antinociceptive action induced by Eta in CFA-
induced inflammation. Extending our previous findings, we have shown here
that the nicotinic receptor stimulation is also responsible for the antinociceptive
action of Eta. As the antagonists of nicotinic and muscarinic receptors produced
a complete prevention of the Eta-induced antinociception, we suggest a
sequential mechanism of receptor activation, as previously described
(Zarrindast and Farzin, 1996).

Once the inhibition of AChE, the enzyme that degraded ACh, could
increase the levels of ACh and ACh activates the muscarinic and nicotinic
receptor (Yoon et al., 2003), we investigated its activity in the Eta-induced
effects in CFA model. We observed an increase in the ex vivo AChE activity in
the spinal cord, but not in blood, of animals injected with CFA. Thus, the
decrease in the cholinergic tonus at the spinal cord may be associated with the
sensitization process that occurs at the spinal cord in chronic painful processes.
In fact, our findings are in accordance with studies showing that the major site
of action for cholinomimetics in analgesia is the spinal cord (Jones and Dunlop,
2007) and that painful stimuli are known to increase acetylcholine levels in the
spinal cord (Eisenach et al., 1997).

We have also found that the repeated treatment with Eta was able to
completely prevent the increase in AChE activity in CFA-injeted animals,
however, the in vitro incubation of Eta did not alter the AChE activity. This result

suggests that the reduction of AChE activity promoted by Eta ex vivo is not due
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to a direct mechanism, since the incubation of Eta in vitro did not alter the AChE
activity. Of note, AChE is anchored to the plasma membrane and there lipid
peroxidation seems to induce AChE activation (Kaizer et al., 2005). Moreover,
we previously demonstrated that CFA-related nociception is mediated by an
increase of lipid peroxidation in the spinal cord of mice (Rossato et al., 2010)
and that Eta possesses antioxidant activity (Walker et al., 2009). Thus, Eta
exerting its antioxidant effect could prevent lipid peroxidation and, indirectly,
reverse the increase in AChE activity, what could explain its antinociceptive
action. However, more studies must be carried out to elucidate this point.

Another important chronic painful condition is the neuropathy.
Neuropathic pain is one of the most difficult conditions to treat in clinical practice
(Ibrahim et al., 2003). The analgesic drugs available often have limited
therapeutic value in the management of neuropathic pain and they may, in fact
represent a risk to the patient because of their common side effects (Joe and
Wilder, 1999). For this reason, it is extremely important to develop drugs to
safely and effectively treat chronic pain. In our experiments, oral administration
of Eta, markedly produced a decrease in mechanical allodynia induced by
partial nerve ligation, a model of neuropathic pain (Kassuya et al., 2003). Thus,
the Eta seems to exert antinociceptive effect in pathological pain of different
etiologies.

Besides chronic pain, some forms of acute pain remain a problem in
many patients, such as postoperative pain. The treatment with high doses of
opiates required to control postoperative pain is often associated with adverse
side effects (Brennan et al., 1997; Benowitz, 2008). Thus, we examined the

possible preventive and curative effect anti-allodynic effect of Eta in a model of
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postoperative pain that displays similarities to the human postoperative pain
syndrome, where surgical incision causes mechanical allodynia (Brennan et al.,
1997; Pogatzki and Raja, 2003). In our experiments, oral administration of the
Eta, both in pre- and postoperative periods markedly decreased in mechanical
allodynia induced by skin paw incision. Eta was more effective to prevent than
to reverse the installed pain. This result is not unexpected since the treatment of
pain before surgery prevents the plastic changes in the central nervous system
thus avoiding the amplification of pain long after the initial stimulus (Brennan et
al., 1997).

In conclusion, the present findings indicate that the Eta produces
antinociceptive in clinically relevant models of pain, namely arthritis,
postoperative and neuropathic, an action that seems to be dependent of the
cholinergic  system. Thus, the present findings confirm the
ethnopharmacological indication of Mirabilis jalapa preparations to treat different

painful diseases.
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FIGURE LEGENDS

Figure 1. Effect of single (A) or repeated Eta (10 mg/kg, p.0.) administration (1
h after in B and 24 h after in C) on mechanical allodynia induced by CFA in
mice. *P <0.05 denotes the significance level when compared with baseline (B)
values;* P<0.05 denotes the significance level when compared with vehicle-
treated mice (two-way ANOVA followed by Bonferroni’'s post hoc test). The

results represent the mean+S.E.M. of 6 animals.

Figure 2. Effect of single (A) or repeated Eta (10 mg/kg, p.0.) administration (1
h after in B and 24 h after in C) on paw edema induced by CFA in mice. *P
<0.05 denotes the significance level when compared with baseline (B) values; *
P<0.05 denotes the significance level when compared with vehicle-treated mice
(two-way ANOVA followed by Bonferroni’s post hoc test). Results represent the

mean+S.E.M. of 6 animals.

Figure 3. Effect of the repeated treatment with Eta (10 mg/kg, p.0.) and vehicle
(10 mg/mL, p.o.) on interleukin-13 (IL-1B) levels in paw samples of animals
treated with CFA. Results are expressed as pg of IL-1p/mg of tissue. Results

represent the mean+S.E.M. of 6 animals.

Figure 4. Time-courses for the preventive (A) or curative (B) effect of Eta (10
mg/kg, p.o.) on mechanical allodynia caused by paw incision. *P<0.05 denotes
the significance level when compared with baseline (B) values; *P<0.05

denotes the significance level when compared with vehicle-treated mice (two-
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way ANOVA followed by Bonferroni’'s post hoc test). Results represent the

mean+S.E.M. of 6 animals.

Figure 5. Time-courses for Eta (10 mg/kg, p.0o.) single treatment on mechanical
allodynia in neuropathic mice (A) and in sham-operated mice (B). “P<0.05
denotes the significance level when compared with baseline (B) values; *
P<0.05 denotes the significance level when compared with vehicle-treated mice
(two-way ANOVA followed by Bonferroni’s post hoc test). Results represent the

mean+S.E.M. of 6-7 animals.

Figure 6. Prevention of Eta (10 mg/kg, p.o.) antinociceptive effect on CFA-
induced mechanical allodynia by atropine (A) or mecamelamyne (B). Atropine
(5 mg/kg, s.c.) or mecamylamine (0.001 mg/kg, s.c.) were administered 15
minutes before Eta injection. **P<0.001 denotes the significance level when
compared with vehicle plus vehicle-treated mice. *P<0.05 denotes the
significance level when compared with vehicle plus Eta-treated mice (two-way
ANOVA followed by Bonferroni’'s post hoc test). Results represent the

mean+S.E.M. of 6-7 animals.

Figure 7. Effect of Eta (10 mg/kg, p.o.) and vehicle (10 mg/mL, p.o.) treatment
on acetylcholinesterase activity in samples of lumbar spinal cord (A) or blood
(B) of saline or CFA-treated animals. "P<0.05 denotes the significance level
when compared with saline plus vehicle-treated animals; *P<0.05 denotes the

significance level when compared with vehicle plus CFA-treated mice (one-way
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ANOVA followed by Bonferroni post hoc test). Results represent the

mean+S.E.M. of 4-6 animals.
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Table 1. Acetylcholinesterase activity from blood and lumbar spinal cord

samples in the presence or not of Eta (n=4-5). Results are expressed as A

extinction/minute.

Blood Spinal cord
Vehicle 11.032 +0.002 44.005+0.002
Eta (1 pg/mL) 13.006+0.001 53.010+0.003

Eta (10 pg/mL) 12.040+0.002

51.004+0.003
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6. DISCUSSAO

Entre as inimeras plantas medicinais utilizadas pela populagédo destaca-
se a Mirabilis jalapa, planta nativa da América tropical que atualmente, vem
sendo cultivada em varios paises e usada para a decoracdo de jardins
(LORENZI e SOUZA, 1999). Em diversas regibes do mundo, tais como:
Ameérica Latina, Africa, india e Paquistdo, diversas partes da M. jalapa s&o
usadas como laxante e no tratamento de infec¢les, inflamacdes, condicdes
alérgicas e dolorosas (KUSAMBA, BYAMANA e MBUYI, 1991; SOMAVILLA e
CANTO-DOROW, 1996; DIMAYUGA, VIRGEN e OCHOA, 1998; AOKI et al.,
2008). J& em Madagascar esta planta é utilizada para tratar a dor proveniente
de cdlicas intestinais e no México para o tratamento de diversas condi¢des
dolorosas como a dor produzida por picadas de escorpido e de abelha
(KUSAMBA, BYAMANA e MBUYI, 1991; DIMAYUGA, VIRGEN e OCHOA,
1998). Além disso, no estado do Rio Grande do Sul, as folhas da M. jalapa séo
utilizadas popularmente pelas suas propriedades analgésicas e anti-
inflamatérias (SOMAVILLA e CANTO-DOROW, 1996).

No entanto, ndo existem descricdoes na literatura para a atividade
antinociceptiva da M. jalapa. Porém, ha estudos sobre algumas plantas da
familia Nyctaginaceae, tais como Boerhaavia diffusa e Spectabilis Bougainvilla,
gue confirmam a atividade antinociceptiva destas em ratos (HIRUMA-LIMA et
al., 2000; MALAIRAJAN et al., 2006). Os resultados obtidos no presente
trabalho confirmam e estendem os dados da literatura, além de mostrarem
claramente que o extrato e as fracdes obtidas das folhas da M. jalapa,
principalmente a fracdo acetato de etila, possuem atividade antinociceptiva.

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 possibilidade de serem correlacionados
com estudos clinicos (BESSON, 1999; LE BARS, GOZARIU, CADDEN, 2001).

Um dos testes mais utilizados para a triagem de possiveis compostos
analgésicos é o teste das contor¢cdes abdominais induzidas por &cido acético

diluido (NEGUS et al. 2006). O teste de contor¢do abdominal em camundongos
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€ um meétodo muito utilizado para se avaliar a atividade analgésica de
substancias contra a dor aguda de origem inflamatdria. A resposta nociceptiva
foi induzida pela administracao intraperitoneal de acido acético (0,6%, i.p.) na
cavidade abdominal dos animais, resultando na contracdo do musculo
abdominal juntamente com o estiramento das patas traseiras (LE BARS,
GOZARIU e CADDEN, 2001).

Os extratos brutos do caule e das folhas da M. jalapa apresentaram
atividade antinociceptiva no teste das contor¢cdes abdominais induzidas por
acido acético. No entanto, o extrato das folhas foi cerca de trés vezes mais
potente em produzir antinocicepgdo do que o extrato do caule. Entre todas as
fracOes testadas a partir do extrato das folhas, a Eta foi a Unica que produziu
antinocicepcdo em uma dose compativel com o0 seu rendimento no extrato
bruto. Além disso, a Eta foi aproximadamente cinco vezes mais potente que o
extrato bruto das folhas no teste de contor¢des abdominais induzidas por acido
acético. A eficécia e a poténcia da Eta foi semelhante a morfina. Devido a uma
eficacia e uma poténcia maior que as outras fracdes, a Eta foi escolhida para a
realizacdo de experimentos posteriores. Embora o teste das contorcdes
abdominais induzidas por acido acético seja de facil realizacdo e sensivel a
varias classes de analgésicos (como AINEs e opidides), este pode estar sujeito
a resultados falso-positivos (FRANKLIN e ABBOTT, 1989).

Devido a isso, esses resultados foram confirmados através do teste de
imersao da cauda. Neste modelo, 0 comportamento nociceptivo é avaliado pela
sensibilidade ao calor, determinada pela laténcia de retirada da cauda a um
estimulo térmico. Este teste € insensivel para AINEs, mas € sensivel a
analgésicos de acao central, como os opiaceos (FRANKLIN e ABBOTT, 1989).
Observamos que tanto a Eta quanto o extrato bruto das folhas produziram um
efeito antinociceptivo com a mesma duragao em relagdo a sua acao.

Sabendo que o modelo da imersdo de cauda € sensivel a opidides,
investigou-se o papel do sistema opibide sobre o efeito antinociceptivo da Eta.
O pré-tratamento com o0 antagonista nao-seletivo naloxona nao foi capaz de
reverter o efeito antinociceptivo induzido por esta fracdo. No entanto, a
naloxona reverteu completamente o efeito antinociceptivo da morfina. Este
resultado sugere que ndo ha participacdo do sistema opidide no efeito

antinociceptivo da M. jalapa.
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A artrite representa um dos mais prevalentes problemas de saude
publica que causa incapacidade funcional, dor intensa e destruicdo articular,
podendo levar até a morte prematura dos pacientes (KVIEN, 2004). A medicina
convencional, que faz uso de medicamentos a base de esterdides, nao-
esterdides e antagonistas do fator de necrose tumoral-a e da IL-13, mostrou
um sucesso limitado contra todas as formas de artrite. Juntamente com estas
terapias, a medicina popular tem associado o uso de plantas medicinais para o
tratamento de doencas como a artrite (ZHANGA et al., 2009).

Em estudos pré-clinicos, a administracdo subcutanea de ACF (composto
por Mycobacterium tuberculosis inativada pelo calor) na regido plantar da pata
traseira direita do camundongo € utilizada para estimular o desenvolvimento de
artrite crénica. Este modelo é eficaz para simular algumas caracteristicas da
artrite humana (JOE e WILDER, 1999). A administracdo de ACF produz um
intenso processo inflamatorio local caracterizado por eritema, aumento da
temperatura local, extravasamento plasmético, infiltracdo de células
inflamatorias, associado com a producdo de varios mediadores inflamatorios e
nociceptivos tais como citocinas, neurotrofinas e interleucinas (GANJU et al.,
2001).

No presente estudo, avaliou-se o efeito da Eta no modelo de artrite
induzido por ACF em camundongos. A acdo desta fracdo sobre a alodinia
mecanica e o edema induzidos por ACF foram avaliados ap6s a administracéo
aguda e apos a administracao de repetidas doses. A administracdo subcutanea
de ACF na regido plantar da pata traseira direita do camundongo produziu uma
acentuada alodinia mecéanica e edema na pata nesses animais, 48 horas apos
a sua administracdo, caracterizando o desenvolvimento de um processo
inflamatério crénico. A administracdo aguda da Eta produziu uma inibicdo da
alodinia mecénica induzida por ACF em camundongos, mas nao foi capaz de
reduzir o edema. Por outro lado, a administracdo de doses repetidas da Eta foi
capaz de reduzir tanto a alodinia mecanica como o edema provocados por
ACF.

A maioria dos farmacos anti-inflamatérios esteroidais e ndo-esteroidais
possuem acdo anti-alodinica e anti-edematogénica no modelo de artrite
induzida por ACF. Ja os opidides possuem somente uma acdo anti-alodinica,

nao sendo capazes de reduzir o edema desenvolvido neste modelo (LI e
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ZHAO, 2003, NAGAKURA et al., 2003). Devido a isso, o efeito produzido pela
Eta no modelo de dor inflamatdria induzida por ACF é similar aos farmacos
anti-inflamatorios, diferindo dos opioides.

Outro dado que sugere uma acao distinta da Eta em relacdo aos
farmacos opioides é que esta fracdo parece nao produzir tolerancia, visto que
continua a apresentar um efeito apds a administracdo de doses repetidas,
sendo que no 7° dia ainda se observava um efeito antinociceptivo da fragéo no
teste da sensibilidade mecanica. No caso deste protocolo de administracdo de
doses repetidas, a Eta foi administrada oralmente a cada 24 horas. E
interessante verificar que 24 horas apés receber a primeira dose (dia 2 do
protocolo experimental), os animais j4 apresentavam um aumento significativo
em seu limiar de resposta ao estimulo mecanico, sugerindo um alivio da dor
inflamatoria.

Em algumas condic¢des patoldgicas como na artrite reumatdide ocorre a
liberacé@o de citocinas pro-inflamatérias como a IL-1B, que esta associada com
o desenvolvimento de alodinia e hiperalgesia (SOMMMER e KRESS, 2004). No
estudo realizado por Fukuoka e colaboradores (1994) foi comprovada a
participacéo da IL-13 na manifestacdo da dor no modelo de artrite induzido por
ACF em ratos, essa acéo parece envolver a ativagdo das fibras nociceptivas.
No presente trabalho, verificou-se que os niveis de IL-1B8 aumentaram na pata
inflamada dos camundongos apds a administracao intraplantar de ACF. Porém,
o tratamento de doses repetidas com a Eta ndo causou redugdo significativa
desse parametro. Analisados em conjunto, estes resultados sédo certamente
relevantes, considerando que a dor cronica, principalmente a dor associada a
artrite, é de dificil tratamento e refrataria a maioria dos analgésicos atualmente
utilizados.

Além da dor crénica, algumas formas de dor aguda, como a dor pés-
operatoria ainda causam muito sofrimento aos pacientes. Na clinica, o controle
da dor pés-operatdria mostra-se ainda pouco eficaz, pois em torno de 41% dos
casos, 0S pacientes pos-cirargicos sentem dor moderada a intensa (DOLIN et
al., 2002). O modelo de dor induzida por incisdo plantar em animais exibe
semelhancas com a sindrome da dor pos-operatoria experimentada em

humanos, onde a incisdo cirargica provoca alodinia mecéanica e outros
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comportamentos de dor no periodo pés-operatorio (POGATZKI e RAJA, 2003;
BRENNAN, UMALI e ZAHN, 1997).

Uma vez que a administragcdo de analgésicos antes de uma cirurgia
pode prevenir ou ao menos diminuir a dor pés-operatoria, verificou-se o efeito
anti-alodinico da Eta tanto na prevencdo como na reversdo da nocicepcao
incisional. A administracdo oral da Eta, produziu efeito antinociceptivo
profilatico (quando administrada antes do procedimento incisional) e efeito
antinociceptivo terapéutico (quando administrada apd6s o procedimento
incisional). Porém, esta fracdo foi mais efetiva quando administrada
previamente, do que apds a incisdo cirurgica, quando a dor j4 esta instalada.
Este resultado € esperado, pois o tratamento da dor antes do inicio da cirurgia
pode impedir a sensibilizacdo dos neurdnios do corno dorsal da medula
espinhal e com isso, impedir a excitabilidade da rota nociceptiva central,
evitando assim a amplificagdo da dor apds o estimulo inicial (BRENNAN,
UMALI e ZAHN, 1997).

Assim como na artrite e na dor pos-cirargica, o arsenal farmacologico
disponivel para o tratamento da neuropatia apresenta algumas limitacbes. Em
humanos, a lesdo de um nervo periférico resulta muitas vezes em uma
condicdo de dor neuropéatica persistente, que se caracteriza por dor
espontanea ou por hipersensibilidade da area afetada, levando a hiperalgesia
ou alodinia (MALMBERG e BASBAUM, 1998). As sensacfes dolorosas estéo
normalmente relacionadas a ativacdo de neurdnios aferentes primarios nao-
mielinizados (fibras C) ou pouco mielinizados (fibras Ad). Entretanto, apds a
lesédo no nervo periférico, estes neurdnios tornam-se sensiveis e desenvolvem
uma atividade espontanea patoldgica (BARON, 2006).

A alodinia mecénica é um dos sintomas mais comuns observados em
pacientes com dor neuropética decorrente da lesdo de nervos periféricos. Os
episodios de dor podem ser desencadeados pelo simples ato de ficar em pé ou
de executar qualquer tipo de movimento como caminhar (MENDELL e
SAHENK, 2003). A maioria dos farmacos analgésicos como os AINEs e os
opidides tem efeito limitado no tratamento da dor neuropética e representam
um risco para o paciente devido aos seus diversos efeitos colaterais
(FERREIRA et al., 2005).
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Por esta razdo, é extremamente importante o desenvolvimento de
farmacos eficazes e seguros para o tratamento da dor neuropatica. Para o
presente trabalho, o modelo de dor neuropética utilizado foi o da ligacao parcial
do nervo ciatico. Observou-se que os animais submetidos a esse modelo de
dor apresentaram uma diminuicdo significativa do limiar mecanico sete dias
apos a cirurgia, a qual foi revertida pela administracdo oral da Eta. Assim,
diferente de varios farmacos analgésicos utilizados atualmente, a Eta foi capaz
de reduzir a nocicepcao de diferentes etiologias com boa eficacia.

Outro objetivo deste trabalho foi analisar alguns dos mecanismos pelos
quais a M. jalapa poderia estar promovendo o seu efeito antinociceptivo. Como
descrito previamente, a estimulacdo do sistema opidide pareceu nao ser
importante para a antinocicepcéao induzida pela Eta. Além do sistema opidide, o
sistema colinérgico € um importante modulador da dor no sistema nervoso
central (JONES e DUNLOP, 2007; WESS, GLEN, GAUTAM, 2007,
SCHECHTMANN et al., 2008; ROSAS-BALLINA e TRACEY, 2009).

A partir desses dados, investigou-se 0 envolvimento do sistema
colinérgico na antinocicepcao induzida pela Eta em modelos de nocicepcéao.
Assim como observado no modelo agudo do acido acético, onde verificamos
que 0s receptores muscarinicos estdo envolvidos na acdo antinociceptiva
induzida pela Eta, esta classe de receptor também participou do efeito
antinociceptivo da Eta no modelo cronico do ACF. Além disto, estendemos o
estudo anterior mostrando que o receptor nicotinico € também responsavel por
essa acao no modelo do ACF, demonstrando o envolvimento de ambos os
receptores colinérgicos no efeito antinociceptivo causado pela Eta. Estes dados
sugerem que a Eta poderia estar aumentando o tdnus colinérgico para exercer
sua agao antinociceptiva.

Um dos mecanismos do aumento do tdnus colinérgico poderia ser a
inibicdo da AChE. De fato, alguns inibidores da AChE demonstraram ter um
efeito antinociceptivo, que é mediado através dos receptores colinérgicos na
medula espinhal. Uma vez que a inibicdo da AChE, a enzima que degrada a
acetilcolina, poderia aumentar os niveis de acetilcolina e isso ativar os
receptores muscarinicos e nicotinicos, o efeito da Eta foi investigado sobre a
sua atividade (YOON, CHOI, JEONG, 2003).
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No entanto, constatou-se que a Eta ndo alterou a atividade in vitro da
acetilcolinesterase no sangue e na medula espinhal de camundongos tratados
com esta fracdo. Este resultado sugere que a acgéo antinociceptiva da Eta
parece ndo envolver a inibicAdo direta da acetilcolinesterase. Entretanto,
observou-se um aumento na atividade ex vivo da AChE na medula espinhal,
mas n&o no sangue, de animais injetados com ACF. Este fato pode conduzir a
uma diminuicdo do tdnus colinérgico na medula espinhal. Estes resultados
estdo de acordo com um estudo demonstrando que o principal sitio de acdo
para colinomiméticos em analgesia € a medula espinhal (JONES e DUNLOP,
2007). Este aumento na atividade da AChE pode ser relevante e estar
associado com o processo de sensibilizacdo que ocorre na medula espinhal em
processos dolorosos cronicos.

Além disso, verificou-se que o tratamento com doses repetidas da Eta foi
capaz de prevenir completamente o0 aumento da atividade da
acetilcolinesterase em animais que receberam a injecao intraplantar de ACF,
porém a Eta ndo alterou a atividade in vitro desta enzima. Estes resultados
sugerem que a reducao da atividade ex vivo da AChE promovida pela Eta nao
envolve um mecanismo direto, visto que a Eta ndo altera a atividade in vitro da
AChE.

A ocorréncia do estresse oxidativo tem sido descrita em muitos modelos
animais de dor, estando este envolvido no mecanismo de inducdo e de
manutencdo da dor (KIM et al.,, 2004). Rossato e colaboradores (2010)
demonstraram que a nocicepcao induzida pela administracédo intraplantar de
ACF é mediada por um aumento da peroxidacéo lipidica na medula espinhal de
camundongos. Além disso, a peroxidacao lipidica parece induzir a atividade da
AChE, a qual encontra-se ancorada na membrana plasmatica (KAIZER et al.,
2005). Produtos naturais com comprovada agao antioxidante apresentam efeito
antinociceptivo tanto na alodinia mecanica como na hiperalgesia térmica
(ROSSATO et al.,, 2010). Um estudo realizado por Walker e colaboradores
(2009) confirmou a atividade antioxidante do extrato bruto e das fracbes do
caule e das folhas da Mirabilis jalapa. Portanto, esta fracdo ao exercer o seu
efeito antioxidante pode estar prevenindo a peroxidacéo lipidica e com isso,
revertendo um aumento da atividade da AChE, o que pode elucidar a sua acéo

antinociceptiva.
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Devido a possibilidade do envolvimento do mecanismo colinérgico na
antinocicepc¢ao produzida pela Eta, julgou-se oportuno, verificar se esta fracéo
compartiliha de alguns efeitos adversos comumente apresentados pelos
colinomiméticos, tais como o aumento da motilidade gastrintestinal e a
hipotermia.

Um dos métodos mais utilizados para determinar o transito
gastrintestinal em animais é através da administracdo oral de uma suspenséao
aguosa de carvao vegetal, onde a distancia percorrida pelo carvdo vegetal no
intestino do animal representa a medida da motilidade gastrica
(MITTELSTRADT, 2005). Embora tenha sido demonstrado o envolvimento do
sistema colinérgico muscarinico em induzir a antinocicepc¢éo, a Eta ndo alterou
a motilidade gastrintestinal em camundongos. Tem sido demonstrado que
agonistas muscarinicos nao-seletivos produzem alteracdo do transito
gastrintestinal em camundongos, enquanto que agonistas seletivos dos
receptores M1, M2 ou M3 n&o apresentam alteragdes significativas (WILLIAMS
et al., 1992). Por outro lado, o extrato bruto das folhas aumentou o transito
gastrintestinal, o que esta de acordo com o0 uso popular da M. jalapa como
laxante. Além disso, a Eta parece reduzir a quantidade de substancias ativas
responsaveis pelo aumento da motilidade gastrintestinal induzida pelo extrato
bruto.

Uma das principais preocupacdes na investigacdo de novos compostos
analgésicos € verificar se o tratamento farmacoldgico produz alteracbes
comportamentais, tais como incoordenagdo motora e sedagéo, 0s quais podem
produzir uma resposta antinociceptiva falso-positiva (TABARELLI et al, 2004;
NEGUS et al., 2006).

A fim de eliminar a possibilidade da M. jalapa provocar alteracées no
comportamento dos animais, confundindo efeitos musculos-relaxantes e/ou
sedativos com antinocicepg¢ao, avaliou-se 0 comportamento motor e
exploratério dos animais. O tratamento com a Eta ndo causou qualquer
alteracdo na locomocéo forcada pelo teste do cilindro giratorio (rotarod) ou na
locomocdo espontdnea no teste do campo aberto (open-field), nem na
temperatura corporal. Outro dado interessante observado no presente estudo é
que, ao contrario do AINE tradicional indometacina (usado como controle

positivo), nem a Eta, nem o extrato bruto das folhas produziram atividade
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ulcerogénica. Esses resultados reforcam a idéia de que a Eta induz
antinocicep¢cao sem producao de efeitos colaterais significativos.

E sabido que um dos fatores limitantes das drogas usadas para tratar a
dor é o desenvolvimento de toxicidade. O tratamento agudo de camundongos
com a fracdo acetato de etila e o extrato bruto das folhas (até 3000 mg/kg, v.0.)
nao causou a morte de nenhum animal nem produziu sinais comportamentais
de toxicidade (por exemplo, convulsdes, apatia ou dificuldades locomotoras)
que justificassem a eutanasia dos mesmos e a interrupcédo dos tratamentos.
Portanto, a DLsg ndo pode ser calculada, pois nédo foi possivel a solubilizacao
dos extratos numa dose maior de 3000 mg/kg.

Por outro lado, Rocha (2006) observou que altas doses da fragcéo
hexanica do extrato metandlico de folhas da M. jalapa (1000-3000 mg/kg),
administrado pela via intraperitoneal (i.p.), induziu toxicidade aguda em
camundongos fémeas com uma DLsy de 2.009 mg/kg. No entanto, ha muitas
diferencas entre este estudo e o de Rocha (2006) que podem explicar esses
resultados discrepantes, incluindo o tipo de fracdo utilizada (acetato de etila
versus hexanica), a rota de administracdo (oral versus intraperitoneal) e o
género dos animais (macho versus fémea).

Como ja foi relatado, a infusdo das folhas da Mirabilis jalapa € utilizada
na medicina popular para o tratamento de processos dolorosos. Os resultados
obtidos no presente estudo confirmam o uso etnofarmacolégico desta planta.

Assim, a fracdo acetato de etila desta planta parece ser promissora para
o desenvolvimento de novos farmacos com propriedades analgésicas.
Contudo, estudos posteriores devem ser realizados a fim de verificar o exato
mecanismo de acdo, caracteristicas farmacocinéticas e possiveis efeitos

toxicos produzidos por esta fracao.



89

7. CONCLUSOES

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

concluir que:
v

Os extratos brutos e as fracdes do caule e das folhas da M. jalapa
apresentaram um efeito antinociceptivo em modelos de
nocicep¢do aguda induzida por estimulo quimico (teste das
contorcbes abdominais induzidas por &cido acético) e por
estimulo térmico (teste da retirada de cauda) em camundongos.

A fracdo acetato de etila possui efeito antinociceptivo no modelo
de nocicepcédo inflamatéria cronica causada por ACF e pela
ligacdo parcial do nervo ciatico e no modelo de nocicepgéo
inflamatéria aguda induzida por incisdo na pata em
camundongos.

O sistema colinérgico muscarinico e nicotinico, mas nao opidide,
parecem estar envolvidos na atividade antinociceptiva da Eta. O
tratamento com esta fracdo reverteu o aumento da atividade in
vivo da acetilcolinesterase na medula espinhal de camundongos
tratados com ACF.

A administracdo oral da fracdo acetato de etila ndo produziu

efeitos adversos detectaveis nos animais nas doses testadas.
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9. ANEXO

Figure 1 - Effect of indomethacin (100 mg/kg, p.o.), leaf ethyl acetate (Eta)
fraction and dry hydroethanolic (Crd) extract (10 mg/kg, p.o.) from Mirabilis
jalapa in the ulcerogenic activity in mice. Data are expressed as median. Non-

parametric Kruskal-Wallis followed by Dunn’s test.

Gastric injury score

Lot
O- T

Vehic Ind Eta crd

Table 1 - Effect of leaf ethyl acetate (Eta) fraction and dry hydroethanolic (Crd)
extract (10 mg/kg, p.o.) of Mirabilis jalapa on the rotatod test in mice (n=7-8).
Data are expressed as means = SEM. Two-way ANOVA following by

Bonferroni’s post hoc test.

_ N° Fall First Fall
Time (h) : -
Vehicle Eta Crd Vehicle Eta Crd
0.5 1.87+0.66 2.62+0.64 1.37+0.41 30.71+9.70 39.38+15.39 22.86+7.38

2.37+0.67 1.75+0.64 1.50+0.46 23.63+8.45 48.88+17.88 14.60+7.57

0.75+0.49 0.25+0.16 0.37+0.26 19.17+9.12 39.00%+25.20 26.50+11.50

4 0.37+0.18 0.12+012 29.88+23.89 5.83+5.83
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Table 2 - Effect of leaf ethyl acetate (Eta) fraction and dry hydroethanolic (Crd)
extract (10 mg/kg, p.o.) of Mirabilis jalapa on the spontaneous locomotor activity
in mice (n=7-8). Data are expressed as means + SEM. Two-way ANOVA

following by Bonferroni’s post hoc test.

Crossing Rearing
Time (h) Vehicle Eta Crd Vehicle Eta Crd
0.5 47.00+4.89 4850+4.78 50.17+5.06 21.17+2.93 21.00+3.23 18.50+2.51

29.83+8.89 26.67+6.53 22.33+2.99 12.50+2.30 8.83+2.00 7.00%2.33

12.67+3.55 13.83+2.83 8.00+1.96 5.66+0.71 6.33+1.58 3.66+1.18

19.67+5.18 9.83+1.74 13.00+4.53 6.66%x1.11 4.16+¥1.35 2.66+1.25

Table 3 - Effect of leaf ethyl acetate (Eta) fraction and dry hydroethanolic (Crd)
extract (10 mg/kg, p.o.) of Mirabilis jalapa on the rectal temperature in mice
(n=7-8). Data are expressed as means + SEM. Two-way ANOVA following by

Bonferroni’s post hoc test.

Rectal Temperature (At°C)

Time (h)
Vehicle Eta Crd
0.5 -0.80+0.16 0.45+0.17 0.13+0.22
1 0.60+0.10 0.57+0.14 0.3310.27
0.16+0.20 0.70+0.17 0.15+0.29
4 0.35+0.22 0.7840.15 0.41+0.37




104

Table 4: Effect of leaf ethyl acetate (Eta) fraction (10 mg/kg, p.o.) of Mirabilis
jalapa over the acetylcholinesterase activity in mice (n=7-8). Data are

expressed as means + SEM.

Treatment

(10 mg/kg, p.o.) Vehicle Eta

Blood 21.74+5.57 17.93+5.93

Spinal Cord 0.30+0.07 0.28+0.04




