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RESUMO
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A espécie Jatropha isabellei Mull Arg pertence a familia Euphorbiaceae e é conhecida
popularmente como yagua-rova, turubiti € mamoneiro do campo. A decocgdo das partes
subterraneas da planta é utilizada popularmente para tratar artrite, gota, dores nas costas e
induzir o aborto. Este trabalho tem como objetivo determinar a capacidade antioxidante e a
atividade antimicrobiana de J. isabellei, bem como, isolar consituintes quimicos e avaliar o
uso popular para atrite gotosa em modelo animal. As partes subterrdneas de J. isabellei
foram coletadas em maio de 2008 em Cacequi, RS. O material testemunho esta depositado
no Herbario do Departamento de Biologia da UFSM catalogado sob numero de registro
11.816. O material vegetal foi seco, moido e macerado com solvente etanol:agua (70:30,
v/v). As fragdes foram obtidas por fracionamento do extrato bruto com solventes organicos
de polaridades crescentes (diclorometano, acetato de etila, n-butanol). A fragdo acetato de
etila apresentou a melhor atividade antioxidante frente ao radical DPPH, com ICs,de 14,78
1,10 pyg/mL e perfil de inibicao semelhante ao acido ascoérbico. Esta fragdo também
apresentou os melhores valores no doseamento de polifendis, flavondides e taninos
condensados. O extrato bruto e a fragdo butandlica apresentaram atividade antioxidante
proporcional ao doseamento dos ativos fendlicos. A fracdo diclorometano n&o apresentou
boa capacidade antioxidante, mas proporcionou o isolamento de uma mistura de triterpenos
relatados pela primeira vez na literatura para esta espécie, o sitosterol 3-O-B-D glicosideo e
estigmasterol. A indugéo da peroxidagao lipidica por Fe(ll) mostrou que todas as fragbes nas
concentracoes de 50 e 100 ug/mL foram capazes de inibir significativamente a producao de
TBARS alcancando os niveis basais, quando comparadas ao controle. Na atividade
antimicrobiana, a fragao diclorometano apresentou os melhores resultados frente aos fungos
S. schenckii e F. proliferatum e frente a bactérias do género Micrococcus. O extrato bruto de
J. isabellei e sua fragao rica em alcaléides apresentaram efeitos antinociceptivos e anti-
edematogénicos em modelo animal de artrite gotosa, comprovando cientificamente o uso
popular desta planta.

Palavras-chave: Jatropha isabellei. Capacidade antioxidante. Triterpenos. Atividade
antimicrobiana. Atividade antinociceptiva e antiedematogénica.
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Jatropha isabellei Mull Arg. belongs to the Euphorbiaceae family and is popularly known as
yagua-rova, turubiti and mamoneiro do campo. The decoction from the underground parts of
this plant is popularly used to treat arthritis, gout, back pain and induce abortion. This work
aims to determine the antioxidant capacity and antimicrobial activity of J. isabellei as well as
to isolate the chemical constituents and to evaluate the popular use for gouty arthritis in an
animal model. The underground parts of J. isabellei were collected in May 2008, in Cacequi,
RS. The material is deposited in the herbarium of Department of Biology at Federal University
of Santa Maria under register number SMDB 11.816. The plant material was dried, milled and
macerated with the solvent ethanol:water (70:30, v/v). The fractions were obtained by
fractionation of the crude extract with organic solvents of increase polarity (dichloromethane,
ethyl acetate, n-butanol). The ethyl acetate fraction showed the best antioxidant activity
against the DPPH free radical with ICsode 14.78 £ 1.10 ug/mL and inhibition profile similar to
ascorbic acid. This fraction also showed the best values in the determination of phenolic
compounds, flavonoids and condensed tannins. The crude extract and butanolic fractions
showed antioxidant activity proportional to the dosage of phenolics. The dichloromethane
fraction did not showed good antioxidant capacity, but allowed the isolation of a mixture of
triterpenes in first time reported for this species, sitosterol 3-O-B-D glucoside and
stigmasterol. The lipid peroxidation induced by Fe (Il) showed that all the fractions at
concentrations of 50 and 100 ug/mL were able to inhibit significantly the production of
TBARS, reaching the baseline levels when compared to control. In the antimicrobial activity
the dichloromethane fraction showed the best results against the fungi S. schenckii e F.
proliferatum and against bacteria of the Micrococcus genus. The crude extract of J. isabellei
and its alkaloid purified fraction showed antinociceptive and antiedematogenic effects in an
animal gouty arthritis model, scientifically proving the popular use of this plant.

Keywords: Jafropha isabellei. Antioxidant capacity. Triterpenes. Antimicrobial activity.
Antinociceptive and antiedematogenic activities.
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1 INTRODUGCAO

A biodiversidade das plantas constitui-se na principal fonte de compostos
naturais ativos. O uso de produtos naturais € antigo e por muito tempo, minerais,
vegetais e animais foram as principais fontes de drogas (RATES, 2001).

A fitoterapia se caracteriza pelo tratamento com o uso de plantas medicinais
em suas diferentes formas farmacéuticas sem a utilizagcdo de principios ativos
isolados e representa parte importante da cultura de um povo, sendo também parte
de um saber utilizado e difundido pelas populagdes ao longo de varias geragoes
(ARAUJO et al., 2007). Nas ultimas décadas, o interesse pelas terapias naturais tem
aumentado significativamente nos paises industrializados e encontra-se em
expanséo o uso de plantas medicinais e de fitoterapicos. As potencialidades de uso
das plantas medicinais encontram-se longe de estarem esgotadas, sendo que o
Brasil € o pais que detém a maior parcela da biodiversidade, em torno de 15 a 20%
do total mundial, com destaque para as plantas superiores, nas quais detém
aproximadamente 24% da biodiversidade. Além de seu uso como substrato para a
fabricagdo de medicamentos, as plantas também sao utilizadas em praticas
populares e tradicionais como medicamentos caseiros € comunitarios, processo
conhecido como medicina popular. O Brasil € detentor de rica diversidade cultural e
étnica que resultou em um acumulo consideravel de conhecimentos e tecnologias
tradicionais, passados de geragao a geragao, entre os quais se destaca o vasto
acervo de conhecimentos sobre manejo e uso de plantas medicinais (BRASIL, 2006).
Informagdes de grupos indigenas tem desempenhado um papel vital na descoberta
de novos produtos a partir de plantas e os remédios indigenas estdo ganhando
popularidade entre as pessoas das areas urbanas e rurais (AGRA, FREITAS,
BARBOSA-FILHO, 2007).

As plantas medicinais sdo importantes para a pesquisa farmacoldgica e o
desenvolvimento de farmacos ndo somente quando seus constituintes sdo usados
diretamente como agentes terapéuticos (fitoterapicos), mas também como matérias-
primas isoladas (fitofarmacos), para a sintese, ou como modelo para compostos
farmacologicamente ativos. A importancia das substancias naturais derivadas de
plantas quanto a sua fungdo bioldégica e sua ampla diversidade molecular é



reconhecida no desenvolvimento de modernas drogas terapéuticas (CALIXTO, 1997;
GUERRA, NODARI, 2007). O avango da quimica organica permitiu a obtencao de
compostos puros e ainda possibilitou as modificagdes estruturais, visando produzir
farmacos potencialmente mais ativos, seguros e com menos efeitos colaterais.
Alguns exemplos de drogas importantes obtidas de plantas sdo a digoxina da
Digitalis spp., quinina e quinidina de Cinchona spp., vincristrina e vinblastina de
Catharanthus roseus, atropina de Afropa belladona, a morfina e a codeina de
Papaver somniferum e o paclitaxel de Taxus brevifolia. (GUERRA, NODARI, 2007;
RATES, 2001).

Estima-se que aproximadamente 40% dos medicamentos atualmente
disponiveis foram desenvolvidos direta ou indiretamente a partir de fontes naturais,
assim subdivididos: 25% de plantas, 12% de microorganismos e 3% de animais
(CALIXTO et al, 2001). Dos 252 farmacos considerados basicos e essenciais pela
OMS, 11% sé&o originarios de plantas e um numero significativo destes sao
sintetizados a partir de precursores naturais (RATES, 2001). No Brasil, de 1999 para
2000, o crescimento do mercado de medicamentos fitoterapicos aumentou 15%,
enquanto o crescimento do mercado de medicamentos sintéticos foi de apenas 3 a
4% (ABIFITO, 2001).

A 82 Conferéncia Nacional de Saude, realizada no ano de 1986, trouxe, entre
suas recomendacgoes, a “introdugao de praticas alternativas de assisténcia a saude
no ambito dos servigos de saude, possibilitando ao usuario o acesso democratico de
escolher a terapéutica preferida”. Por sua vez, a entdo Secretaria de Vigilancia
Sanitaria do Ministério da Saude instituiu e normatizou o registro de produtos
fitoterapicos no ano de 1995. Em 1996, a 10% Conferéncia Nacional de Saude
recomendou a incorporagdao, no SUS, das praticas de saude como fitoterapia,
acupuntura e homeopatia, contemplando as terapias alternativas e praticas
populares. Todavia, a insercdo das plantas no SUS foi concretizada somente em
2006 através da aprovagdo da Politica Nacional de Plantas Medicinais e
Fitoterapicos pelo decreto 5.813 de 22 de junho de 2006 (BRASIL, 2006).

A utilizagao de plantas medicinais nos programas de ateng&o primaria a saude
pode se constituir numa alternativa terapéutica muito util devido a sua eficacia aliada
a um baixo custo operacional, a relativa facilidade para aquisicdo das plantas e a

compatibilidade cultural do programa com a populacao atendida (MATOS, 1994).



A OMS descreve o perfil da maioria dos usuarios de plantas medicinais como
sendo a maioria da populacdo mundial que vive principalmente em paises em
desenvolvimento, que ndao tem acesso a medicina moderna e aos medicamentos
sintéticos e fitoterapicos, recorrendo entdo a medicina popular (FARNSWORTH et
al., 1985) que se apresenta disponivel, entre outras formas, como produtos
comercializados por raizeiros e ervanarios em feiras livres ou extraidos de fontes
préximas aos locais de residéncia (MACIEL et al., 2002). Estima-se que nestes
paises, 65-80% da populacdo dependa exclusivamente das plantas medicinais para
a saude basica. Contudo, mesmo nos paises desenvolvidos grande parte da
populacdo faz uso de remédios populares e apesar do facil acesso a medicina
moderna, o uso das ervas medicinais manteve a sua popularidade por razdes
histéricas e culturais (AGRA, FREITAS, BARBOSA-FILHO, 2007).



2 OBJETIVOS

2.1 Objetivo geral

O objetivo principal desta dissertacdo foi estudar fitoquimica e
farmacologicamente as partes subterrdneas da espécie Jatropha isabellei Mull Arg

(Euphorbiaceae).

2.2 Objetivos especificos

e Determinar a capacidade antioxidante de J.isabellei pelo método do DPPH e
TBARS no extrato bruto e nas fragdes diclorometano, acetato de etila e butandlica.

e Quantificar, por métodos espectrofotométricos, taninos condensados, flavondides,
polifendis totais e alcaldides no extrato bruto e nas fragoes.

e Isolar e elucidar, através de ressonancia magnética nuclear, alguns metabdlitos
secundarios a partir da fragao diclorometano.

e Verificar a atividade antimicrobiana do extrato bruto e fragdes através do método
de microdiluicdo em caldo.

e Avaliar o extrato bruto em modelo experimental de gota em ratos, visando

comprovar o seu uso popular.



3 REVISAO DA LITERATURA

3.1 A familia Euphorbiaceae

Os vegetais pertencentes a familia Euphorbiaceae sao de habitos diferentes:
existem ervas, arbustos, arvores e plantas voluveis (trepadeiras). Em geral o caule e
as folhas contém latex branco, o que € uma caracteristica dessa familia (SCHULTZ,
1985). Em muitas espécies este latex contém uma elevada concentragédo de
borracha, como por exemplo, em Hevea brasiliensis, principal e mais rendoso
produtor de borracha (WEBERLING, SCHWANTES, 1986)

Segundo Weberling e Schwantes (1986) e Joly (1998), esta familia
compreende 290 géneros e 7500 espécies, distribuidas principalmente nas regides
tropicais, sendo essa familia muito bem representada na flora brasileira. Os maiores
centros de dispers&o encontram-se na América e na Africa.

As plantas da familia Euphorbiaceae sdo muito uteis ao homem. Dentre estas,
destacam-se a mamona (Ricinus spp), originaria da regido norte-africana e com
sementes ricas em Oleo (6leo de ricino); o tungue e a nogueira de Iguape ou
nogueira brasileira, ambos do género Aleurites, com sementes que produzem o6leo
industrial de baixo ponto de congelamento (0 que € essencial para certos tipos de
lubrificagdo); a seringueira da Amazobnia (Hevea spp), que é a maior produtora de
borracha e a mandioca (Manihot spp), que, com suas raizes tuberosas, fornece
amido e farinha. Outras euforbidceas sao utilizadas como plantas medicinais, dentre
estas, a mais conhecida é a quebra-pedras (Phyllanthus spp), utilizada para o
tratamento de calculos renais (JOLY, 1998; LAWRENCE, 1977).

Dentre os géneros nativos no Brasil destacam-se, pelo numero de espécies e
pela sua utilidade, os seguintes: Crofon (sangue-de-dragdo), Phyllanthus, Euphorbia
e Jatropha, com varias espécies ornamentais, seja pelas folhas palmiticas exadticas,

pelo caule intumescido ou pelas flores e inflorescéncias vermelhas (JOLY, 1998).



3.2 O género Jatropha

O género Jatropha contém aproximadamente 170 espécies conhecidas e esta
entre 0s quinze mais numerosos da familia Euphorbiaceae. Linnaeus (1753) foi o
primeiro a nomear o género Jatropha. O nome do género deriva da palavra grega
Jatrés que significa meédico, e frophé que quer dizer alimento. Jatropha é um género
com plantas do tipo arbusto e arvores resistentes a seca e que crescem em paises
tropicais e subtropicais. Sdo amplamente distribuidas em areas selvagens ou
semicultivadas na América do Sul e Central, Africa, india e sudoeste da Asia
(KUMAR, SHARMA, 2008).

Um grande numero de substancias naturais bioativas, principalmente
diterpenos e triterpenos, tém sido isolados de extratos das espécies do género
Jatropha. Outros compostos ja isolados incluem lignanas, cumarinas, flavondides,

alcaldides, peptideos ciclicos e fitoesterdis (ZHANG et al., 2009).

3.3 A espécie J. isabellei

Uma revisdo bibliografica sobre a espécie J. isabellei (Figuras 1 e 2) foi
realizada e os dados encontram-se no artigo intitulado “Compostos isolados de
Jatropha isabelli (Muell Arg.) com atividade gastroprotetora”, publicado na Revista
Saude do Centro de Ciéncias da Saude da Universidade Federal de Santa Maria,
volume 36, numero 2, julho/dezembro 2010.

Todas as publicagdes que compreendem o artigo de revisdo sobre a espécie
em questao, utilizam o nome da planta escrito da forma Jatropha isabelli Miell Arg.;
entretanto, por questbes de padronizacdo do latim, atualmente o nome correto da
planta de acordo com o site “The Plant List: a working list of all plant species”
(preconizado por muitos periddicos para a verificagdo da nomenclatura correta das
plantas), é: Jatropha isabellei Mill Arg. Devido este fato, em todos os trabalhos
produzidos pelo nosso grupo de pesquisa optou-se por utilizar a nomenclatura mais

atual.



Figura 1 — Jatropha isabellei Mill Arg — aspecto das partes aéreas da planta. Imagem obtida da planta

em seu local de coleta (Cacequi, RS).

Figura 2 — Jatropha isabellei Mill Arg — aspecto geral da planta. Imagem obtida da planta em seu local

de coleta (Cacequi, RS).



3.4 Capacidade antioxidante e atividade antimicrobiana de J. isabellei

A oxidagao € parte fundamental da vida aerébia e do nosso metabolismo e os
radicais livres sdo produzidos naturalmente nos processos fisiologicos ou por alguma
disfuncdo biologica. No organismo, encontram-se envolvidos na produgcéo de
energia, fagocitose, regulagdo do crescimento celular, sinalizagdo intercelular e
sintese de substancias bioldgicas importantes. No entanto, seu excesso apresenta
efeitos prejudiciais (BARREIROS, DAVID, DAVID, 2006).

O excesso de espécies reativas de oxigénio (EROs), tais como radical
hidroxila (*OH), anion radical superéxido (Oz°), hidroperoxila (ROOQO¢), perdxido de
hidrogénio (H20,) e oxigénio singleto ('O,) causam a oxidacdo de biomoléculas
como o DNA, lipidios e proteinas levando eventualmente as doencgas cronicas
decorrentes do estresse oxidativo, como cancer, arterosclerose, doencas
cardiovasculares e pulmonares, catarata, doengas degenerativas, diabetes, declinio
do sistema imune e disfungbes cerebrais. (CAl et al, 2004; FERREIRA,
MATSUBARA, 1997; SILVA et al., 2006; SOUSA et al, 2007).

O ser humano possui varios mecanismos antioxidantes que controlam os
radicais livres e evitam os danos produzidos por EROs, que sdo compostos
potencialmente agressivos as células, principalmente aos neurdnios. A producgao de
radicais livres é controlada nos seres vivos por diversos compostos antioxidantes, os
quais podem ter origem enddgena (superoxido dismutase (SOD) e glutationa
reduzida (GSH), catalase, glutationa peroxidase (GSH-Px)) ou serem provenientes
da dieta alimentar e outras fontes. Em estudos recentes ficou evidente que alimentos
ricos em substancias antioxidantes desempenham papel importante na prevengao de
doengas, incluindo as neurodegenerativas como Mal de Parkinson e Mal de
Alzheimer (FERREIRA, MATSUBARA, 1997). O consumo de antioxidantes naturais
também esta associado com a redugcdo dos riscos de cancer, doencgas
cardiovasculares, diabetes e outras doencas associadas com o envelhecimento e o
estresse oxidativo (HERTOG et al, 1993).

De forma geral, denominam-se antioxidantes as substéncias que presentes
em baixas concentragdes, retardam significativamente ou inibem a oxidagdo do

substrato. Os radicais formados a partir da neutralizacdo por antioxidantes ndo sao



reativos para propagar a reagdo em cadeia e formam produtos estaveis (SOUSA et
al, 2007).

As plantas contém uma ampla variedade de metabdlitos secundarios com
estrutura quimica favoravel a captagdo e neutralizagdo de radicais livres. Sao
exemplos disso os polifendis, flavonoides, taninos, carotendides, quinonas,
cumarinas, terpenoides, antocianinas e as vitaminas, que possuem grande
capacidade antioxidante (CHOI et al, 2002; REEDY, ODHAV, BHOOLA, 2003).

Estudos tém demonstrado que muitas destas substancias antioxidantes
também possuem atividades antiinflamatéria, contra arterosclerose, antitumoral, na
inibicdo da peroxidagao lipidica, antimicrobiana e antiviral (CARLUCCIO et al, 2003;
HARBONE, WILLIANS, 2000; MIDDLETON JR., CHITHAN, THEOHARIDES, 2000;
SHAHAT, 2002).

Nos paises em desenvolvimento, muitas doengas estao associadas a falta de
saneamento basico e agua potavel, o que torna as pessoas mais susceptiveis as
infeccbes virais, fungicas e bacterianas, fazendo com que o uso de agentes
antimicrobianos aumente. Apesar da evolugdo das pesquisas farmacéuticas para a
produgcdo de novos antibidticos, a resisténcia microbiana a estes farmacos
aumentou. Em geral, as bactérias tém a habilidade genética de adquirir e de
transmitir resisténcia as drogas utilizadas como agentes terapéuticos (COHEN,
1992). O mesmo ocorre com os fungos e os virus.

O uso de plantas reconhecidas na medicina popular pela sua atividade
antimicrobiana adquiriu significado importante no tratamento de infec¢des, pois se da
com fins profilaticos e paliativos. Devido a este fato, ultimamente muitos trabalhos
tem sido realizados em busca de novas plantas com atividade antimicrobiana. Sabe-
se que esta atividade tem sido atribuida a diferentes compostos bioativos, como
flavonoides, terpenos e taninos.

Estas observagcdes levam a busca de novos ativos antioxidantes e
antimicrobianos derivados de plantas, que surgem como uma promissora alternativa
terapéutica para varias doencas. Adicionalmente, ndo existem estudos avaliando a

capacidade antioxidante e a atividade antimicrobiana de J. isabellei.



3.5 J. isabellei e o tratamento da gota

A gota é uma doenga metabdlica que se caracteriza por altos niveis de acido
urico no sangue como resultado de uma produgao excessiva ou excregao diminuida.
A hiperuricemia resulta na deposicéo de cristais de urato sodico (que é o produto
final do metabolismo das purinas - guanina e adenina), nos tecidos, especialmente
nos rins e articulagdes, causando episodios recorrentes de artrite aguda e levando
progressivamente a artrite gotosa cronica, com o desenvolvimento da gota tofacea
(BIEBER, TERKELTAUB, 2004; CHAMPE, HARVEY, FERRIER, 2006). Os tofos séo
depodsitos de cristais de urato que ocorrem nos tecidos subcutdneos, sendo o
cotovelo, a regido aquiliana, maos e pavilhdo auricular os locais mais frequentes e
costumam aparecer cerca de dez anos apds recorrentes crises de gota
(EMMERSON, 1996; NOVAES, 2008).

Fatores que contribuem para o aumento da producdo de acido urico e o
desenvolvimento de gota incluem uma dieta rica em proteinas, hipertensao, doencas
renais, envelhecimento, o consumo de 4&lcool e a obesidade (BIEBER,
TERKELTAUB, 2004; EMMERSON, 1996).

A deposigao de cristais de urato monossodico nas articulagdes desencadeia
um processo inflamatoério devido a infiltracdo de neutréfilos polimorfonucleares que
fagocitam os cristais, ocorrendo assim a liberacédo de mediadores inflamatdrios (TNF-
a, enzimas lisossomais e interleucinas) os quais amplificam a resposta inflamatéria.
Além disso, o aumento da producdo de lactato nos tecidos sinoviais devido as
lesdes, promove a diminuicdo do pH, o que aumenta a deposi¢cao dos cristais de
urato (CHAMPE, HARVEY, FERRIER, 2006; RANG, DALE, RITTER, 2001; SILVA,
2006)

O diagnostico de gota baseia-se na associagao de crises de artrite, presenca
de tofos e hiperuricemia. E aceito que o diagnéstico certo da gota seja feito pela
identificacado de cristais de urato no liquido sinovial ou nos tofos (EMMERSON, 1996;
NOVAES, 2008).

O tratamento da gota visa o alivio da dor do ataque agudo e a prevengao das
complicagdes associadas com a deposicado cronica de cristais de urato nos tecidos.

Os AINEs e a colchicina sao utilizados para o tratamento da gota aguda. No



tratamento preventivo, utilizam-se drogas capazes de inibir a sintese de acido urico,
como o alopurinol, ou que aumentem a sua excre¢ao renal, os denominados agentes
uricosuricos, como a probenecida, sulfimpirazona e a benzobromarona (SILVA,
2006). Entretanto, a terapia medicamentosa da gota apresenta efeitos colaterais e
muitas vezes os farmacos ndo sao tolerados pelo organismo dificultando a adesé&o
ao tratamento. Novas alternativas para tratar as crises de gota estdo sendo
estudadas e muitas delas provém de plantas que se mostram eficazes nesta
patologia. A planta J. isabellei é utilizada com esta finalidade na medicina popular, o
decocto das partes subterrédneas da planta é indicado para tratar reumatismo e gota
(PERTINO et al, 2007). Contudo, nenhuma evidéncia cientifica existe acerca da

atividade anti-inflamatéria e antinociceptiva desta espécie.



APRESENTAGAO

Esta dissertagdo apresenta seus resultados na forma de manuscritos, os
quais constituem os capitulos 1 e 2. Cada capitulo é constituido de introdugéo,
metodologias, resultados e discussdes e conclusdo. Os manuscritos encontram-se
formatados de acordo com os periddicos para onde serao submetidos.

Além disso, esta dissertacdo contempla um item das consideragdes finais, no
qual os resultados séao interpretados em conjunto, das conclusdes e das referéncias
bibliograficas, as quais sao relativas as seg¢des introducdo, revisdo bilbiografica e
consideracgoes finais.

Na secdo dos anexos sao apresentados os espectros de ressonancia

magnética nuclear dos compostos isolados.
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Antioxidant capacity, antimicrobial activity and triterpenes isolated from Jatropha

isabellei Miill Arg.

Jatropha isabellei Miill Arg. belongs to the family Euphorbiaceae. The
antioxidant capacity of this plant was evaluated by the DPPH method and
inhibition of TBARS. Ethyl acetate fraction demonstrated the best antioxidant
activity against DPPH free radical and its profile was similar to ascorbic acid.
This fraction also presented the best results of phenolics, flavonoids and
condensed tannins showing a positive relation between phenolic content and
antioxidant activity. All fractions and the crude extract were able to inhibit
significantly the TBARS production induced by Fe (II) at two concentrations
tested reaching the basal levels. In this test ethyl acetate and dichloromethane
fraction showed goods values for ICso. The dichloromethane fraction showed
the best results against the fungi S. schenckii and F. proliferatum and the
bacterium of Micrococcus genus. This fraction allowed the isolation of acetil
aleuritolic acid and a mixture of sitosterol 3-O-B-D glucoside and stigmasterol,

described for the first time to this species.

Keywords: Jatropha isabellei; antioxidant capacity, antimicrobial activity;

triterpenes

1. Introduction
In recent years, there is a great interest in the study of antioxidants derived from plants
because even in small quantities they are able to prevent diseases caused by free radicals
(Noguchi & Niki, 2000). The consumption of natural antioxidants has been associated with a
lower incidence of diseases related to oxidative stress. The protective effect of plants is due to
the presence of several components which have distinct mechanisms of action like vitamins,
carotenoids, flavonoids and other phenolic compounds (Halliwell, 1996; Le Marchand, 2002).
Compounds with antimicrobial activity also has been investigated and the searches for
new anti-infections agents showed that plant extracts, essential oils or isolated compounds
such as alkaloids, flavonoids, diterpenes, triterpenes and sesquiterpene lactones are potential

sources of bioactive compounds (Rios & Recio, 2005).



Jatropha isabellei Miill Arg. belongs to the family Euphorbiaceae and is popularly
know as “yagua rova”, “turubiti” and “mamoneiro-do-campo” (Frohlich et al, 2010). In the
Paraguayan traditional medicine the decoction of the rhizome slices is used as a digestive, to
treat rheumatism, human gout and to induce abortion (Basualdo & Ortiz, 1995). In spite of the
popular use, little is known about the secondary metabolites from this species. Only terpenes
were isolated from rhizomes of J. isabellei and their structures were modified to assess their
gastroprotective activity (Pertino, Rodriguez, Theoduloz, Razmilic, & Schmeda-Hirschmann,
2006; Pertino, Schmeda-Hirschmann, Rodriguez & Theoduloz, 2007a; Pertino, Schmeda-
Hirschmann, Rodriguez & Theoduloz, 2007b). Some these compounds were analyzed
regarding the antiproliferative and antiprotozoal activity (Theoduloz, Rodriguez, Pertino &
Schmeda-Hirschmann, 2009; Schmeda-Hirschmann & Razmilic, 1996).

In addition to the terpenes, other compounds are known for the genus Jatropha, such
as lignans, coumarins, flavonoids, alkaloids, cyclic peptides and phytosterols (Zhang et al,
2009).

The aim of this study was to evaluate the antimicrobial activity and the antioxidant
capacity from this species, to determine which classes of compounds are involved in these

activities and isolate and identify novel actives for this plant.

2. Results and discussion
2.1. Free radical-scavenging activity (DPPH)
Antioxidant profiles from the fractions of J. isabellei are shown in Figure 1.

DPPH is a stable free radical that is used for analyzed the antioxidant activity from
extracts and pure substances and its results can indicate the presence of phenolic and
flavonoid compounds (Rice-Evans, Miller & Paganga, 1996). The method is based on the
reduction of alcoholic DPPH solutions in the presence of a hydrogen donating antioxidant.
This solution has an intense violet color and in the presence of an active radical scavenger
occurs the degree of decolouration which indicates the free radical-scavenging efficiency of
the fractions (Kusilic, Radonic, Katalinic & Milos, 2004).

Ethyl acetate fraction demonstrated the best antioxidant activity and its profile (Figure
1) was similar to that found for ascorbic acid in all concentrations tested. This can be seen by
the similar values of ICso (14.78+1.10 pg/mL for ethyl acetate fraction and 12.66+1.40 pg/mL

for ascorbic acid. This values not present significant difference at p<0.05).



The concentration of 250 pg/mL from crude extract and butanolic fraction also showed
a good antioxidant activity, with 80.4 and 74.83% of inhibition respectively; however, with
decreasing concentration it is clear the distance between this activity and that provided by
ascorbic acid a fact which leads to increased concentrations of ICsy (124.60+1.04 and
121.05+£1.90 pg/mL, respectively). This values not present significant difference at p<0.05;
but are statistically different of ICsy values of the ascorbic acid and ethyl acetate fraction. In
contrast, dichloromethane fraction showed a reduced ability to sequester free radicals and this
way, was not presented in Figure 1. This fact can be explained by the different composition
between each fraction; there are compounds that react quickly with the DPPH and others that
have a slower reaction mechanism. It is important to remark that as free radicals in the
organism are short-lived species it implies that the impact of a substance as an antioxidant
depends on its fast reactivity towards free radicals (Villafio, Ferndndez-Pachon, Moya,

Troncoso & Garcia-Parrilla, 2007).

2.3 In vitro Fe (II)-induced lipid peroxidation in rat brain
The antioxidant capacity of the crude extract and fractions from underground parts were tested
against Fe (II), a known pro-oxidant. After the oxidation, the TBA (thiobarbituric acid) reacts
with lipoperoxidation aldehydes, such as malondialdehyde (MDA), producing a red color
detected at 532nm. The encephalic tissue obtained from rats is used since the brain is
vulnerable to free radical damage due the fact of its consumption of oxygen and low
concentration of antioxidant enzymes and free radical scavengers. The two highest
concentration tested (50 and 100 pg/mL) for all fractions and the crude extract were able to
inhibit significantly the TBARS induced by Fe (II) when compared to the control (p<0.001),
reaching baseline levels (Figure 2).

Considering the concentration able to inhibit the TBARS production in 50 percent
(ICsp - pg/ml £ SEM), the ethyl acetate fraction showed the smaller value (34.5 + 8.5),
following by the dichloromethane and butanolic fractions (37.8 £ 9.7 and 49.04 + 2.9,
respectively) and by the crude extract (51.19 + 4.25). This values do not present significant
difference at p<0.05.

2.3. Phenolic and flavonoid contents and condensed tannins
The phenolic, flavonoids and condensed tannins content from the underground parts of J.

isabellei are shown in Table 1.



Plant phenolics include simple phenols, phenolic acids (both benzoic and cinnamic
acid derivatives), coumarins, flavonoids, stilbenes, hydrolysable and condensed tannins,
lignans, and lignins (Naczk & Shahidi, 2004); these have received more attention because of
their biological activities.

Comparing the values of phenolics, flavonoids and condensed tannins it can be seen
that the ethyl acetate is the fraction that presents the best results and these values shown a
positive relation between phenolic content and its antioxidant activity (Table 2 and Figure 1).
Crude extract and butanolic fraction also had shown a positive and proportional relation with
the antioxidant activity. Several authors have described this correlation in plants as Cassia
fistula, Terminalia brasiliensis, Cenostigma macrophyllum and Copernicia cerifera (Luximon-
Ramma, Bahorun, Soobrattee & Aruoma, 2002; Souza et al, 2007). The same occur with the
underground parts of J. isabellei.

Many other studies have demonstrated that the more polar fractions are good sources
of antioxidant compounds and exhibited stronger activity than non-polar extracts and these
effects can be explicate mainly due to its contents of phenols. The free radical scavenging
activity from extracts of opposite polarity of Salvia tomentosa demonstrated that the
methanolic extract showed ICsy 18.7 pg/mL, a value seven times lower than that showed by
the dichloromethane fraction (Tepe, Daferera, Sokmen, Sokmen & Polissiou, 2005). These
conditions were found in a similar manner to the crude extract and fractions of J. isabellei.

The dichloromethane fraction demonstrated the lowest quantification of phenolic
compounds and a lower antioxidant activity. This fact can be explain due the polarity of this
solvent which did not extract more polar compounds such as phenols; the terpenes often
extracted by this solvent react weakly with DPPH.

The inhibition of lipid peroxidation by the underground parts of J. isabellei was related
with the phenolic content. Phenolic compounds, mainly presents in the ethyl acetate fraction,
are known to inhibit lipid peroxidation and lipooxygenase in vitro (Sousa et al, 2007).
Dichloromethane fraction also showed very good ICs, value; this fact can be explained in part
due to the presence of triterpenes. Isolated compounds sitosterol and stigmasterol were tested
for their antioxidant activity by evaluating of the capacity to inhibit peroxide formation in
linoleic acid (by the thiocyanate method) and demonstrated 21 and 9% of inhibition
respectively (Hung & Yen, 2001).



2.4 Identification of isolated compound acetil aleuritolic acid and the mixture of sitosterol
3-0-f-D-glucoside and stigmasterol

Column chromatography of the dichloromethane fraction led to the isolation of the acetil
aleuritolic acid (1) and the binary mixture of sitosterol-3-O-fB-D-glucoside (2) and
stigmasterol (3). Acetil aleuritolic acid has been isolated from this species (Pertino et al,
2007a) and it was isolated by our group again. The structure was identified based on the *C
NMR data and by comparison with literature data (Mc Lean, Perpick-Dumont, Reynolds,
Jacobs & Lachmansing, 1987; San Gil et al, 2008). The "*C NMR assignments
(400MHz/ppm) of compound acetil aleuritolic acid in deuterated CHCl; solvent are: 6 C 37.33
(C1); 23.49 (C2); 80.70 (C3); 37.67 (C4); 55.70 (C5); 18.71 (C6); 40.81 (C7); 39.09 (C8);
49.20 (C9); 38.00 (C10); 17.29 (C11); 33.37 (C12); 37.33 (C13); 160.41 (C14); 116.71 (C15);
31.38 (C16); 51.57 (C17); 41.48 (C18); 35.43 (C19); 29.29 (C20); 33.77 (C21); 30.83 (C22);
27.93 (C23); 16.59 (C24); 15.59 (C25); 26.18 (C26); 22.43 (C27); 183.83 (C28); 31.95 (C29);
28.63 (C30); 171.04 (C=0); 21.22 (CHs, acetate gr.).

The mixture of sitosterol-3-O-B-D-glucoside (2) and stigmasterol (3) is first reported
for this species. The structures were identified based on the '"H NMR and *C NMR data and
by comparison with literature data (Agrawal, 1992; De-Eknamkul & Potduang, 2003;
Iribarren & Pomillio, 1983; Janovick et al, 2012; Boligon et al, 2010). The sp? signals at &
140.69, 138.25, 129.05 and 121.37 ppm indicate the presence of four olefin carbons. The
signals at & 140.69 and 121.37 ppm are characteristic of steroids with a double bond at
carbons 5 and 6 (Forgo & Kdovér, 2004; De-Eknankul & Potduang, 2003) whereas the signals
138.25 and 129.05 ppm are typical of triterpenes with a double bond at C22 and C23 (Forgo &
Kovér, 2004; Zanon, Pereira, Boschetti, Santos & Athayde, 2008). [B-Sitosterol and
stigmasterol have a double bound at the same position (A®), therefore the signals at the 3C
NMR spectra will coincide and this way C-5 and C-6 will be more intense when compared
with the other two sp? signals (A*?) that belong only to stigmasterol (De-Eknankul &
Potduang, 2003). In the "H NMR spectrum, stand out the large singlet signal at 5.32 ppm that
is characteristic of H-6 of both compounds and the double dublet at 6 5.17 and 5.04 ppm (H-
23 and H-22, respectively) that characterize the olefinic hydrogens of stigmasterol (De-
Eknankul & Potduang, 2003; Forgo & Kover, 2004).

The *C NMR allowed indentify one anomeric carbon signal at 6 100.89 ppm. The
appearance of anomeric resonances in chemical shifts range 90-112 ppm helps greatly in

determining the number of O-glycosides, since none of the carbons of the aglycone absorb in



this region and anomeric resonances are usually non-equivalents and do not superimpose on
one another (Agrawal, 1992). The presence of glucosyl residue at C-3 of the aglycone of
sitosterol was attributed to the carbon with chemical shift at 6 79.25 ppm. The glucosyl
residue at C-3 of aglycone increases the shift of this carbon in 6-7 ppm to low-field region
compared with the shift of this carbon without glucosyl residue (Chaurasia & Wichtl, 1987).
The C-3 of the stigmasterol does not appear linked to glycoside because its chemical shifts (6
73.59 ppm) is in a more protected region of the spectrum. The glucosyl residue was identified
as B-D-glucose by comparison of the *C NMR spectrum with the literature (Agrawal, 1992).

The *C NMR assignments (400MHz/ppm) of compounds sitosterol 3-O-f-D glucoside
(2) and stigmasterol (3) in solvent deuterated DMSO are: 6 C 38.42 (C-1, 2+3); 31.37 (C-2,
2+3); 79.25 (C-3, 2); 73.59 (C-3, 3); 41.69 (C-4, 2); 41.94 (C-4, 3); 140.69 (C-5, 2+3); 121.37
(C-6, 2+3); 31.51 (C-7, 2+3); 31.41 (C-8, 2+3); 49.72 (C-9, 2+3); 36.96 (C-10, 2+3); 22.16
(C-11, 2+3); 39.93 (C-12, 2); 39.71 (C-12, 3); 41.94 (C-13, 2+3); 56.33 (C-14, 2+3); 24.95
(C-15, 2+3); 28.82 (C-16, 2); 29.06 (C-16, 3); 55.52 (C-17, 2+3); 14.02 (C-18, 2); 11.94 (C-
18, 3); 20.69 (C-19, 2+3); 36.30 (C-20, 2); 40.12 (C-20, 3); 18.73 (C-21, 2); 22.16 (C-21, 3);
33.45 (C-22, 2); 138.25 (C-22, 3); 27.88 (C-23, 2); 129.05 (C-23, 3); 45.27 (C-24, 2); 50.74
(C-24, 3); 29.36 (C-25, 2); 31.47 (C-25, 3); 21.03 (C-26, 2); 22.73 (C-26, 3); 19.81 (C-27, 2);
18.94 (C-27, 3); 23.97 (C-28, 2); 25.56 (C-28, 3); 14.02 (C-29, 2); 12.19 (C-29, 3); 100.89 (C-
17); 76.82(C-2"); 76.86 (C-37); 70.25 (C-4’); 77.05 (C-5’); 61.23 (C-6”).

The approximate percentage of each constituent of the mixture was determined
according Goulart et al, 1993, using the '"H NMR spectrum and the relative intensities
corresponding to H-6 (sitosterol 3-O-B-D glucoside and stigmasterol) and H-22 e H-23
(stigmasterol). This method allowed deduct that the mixture has 80% of sitosterol 3-O-B-D
glucoside and 20% of stigmasterol. Several authors found the higher values in the
quantification of [-sitosterol when isolated in a mixture with stigmasterol (Galotta &
Boaventura, 2005; Boligon, 2010). The progressive increase in the proportion of stigmasterol
compared to B-sitosterol from the root into the stem can be attributed to the rate of incidence
of light that determine the bioconversion of [-sitosterol in stigmasterol (Galotta &

Boaventura, 2005).



2.5 Antimicrobial activity
The data of the antimicrobial activity from the crude extract and fractions of J. isabellei are
shown in Table 2. The crude extract and fractions were not active against S. aureus, P.
aeruginosa, E.coli, K. pneumoniae, C. albicans and P. zopfii (MIC > 2000 pg/mL).

Dichloromethane was the fraction that show the best results against the
microorganisms tested. Good results were obtained against the fungi S. schenckii and F.
proliferatum and the bacterium of Micrococcus genus. The antimicrobial activity of the
dichloromethane fraction can be attributed to the terpenes known for this species. This fact is
reported in many studies about the antifungal and antibacterial of diterpenes and triterpenes
(Urzua et al., 1998; Tabopda et al., 2009; Chen, Fei, Chen & Gao, 2008; Singh & Dubey,
2001). Some compounds presents in various plants and already identify into J. isabellei were
tested against different microorganisms and their antimicrobial capacity was related. The
acetil aleuritolic acid isolated from Croton urucurana, showed MIC of 0.1 mg/mL against S.
aureus and S. thyphimurium (Peres, Monache, Cruz, Pizzolatti & Yunes, 1997). The B-
sitosterol and stigmasterol isolated from Heliotropium ellipticum also showed notable
antifungal and antibacterial activity against the microorganisms tested. All isolated terpenes in
this study showed better antimicrobial activity than its corresponding fraction (Jain, Singh &
Jain, 2001).

This assay shows a low susceptibility of the microorganisms tested against the ethyl
acetate and butanolic fraction and crude extract. This fact can be explain, in part, due the low
content of flavonoids (Table 2) in this samples, since this class of secondary metabolites have

antifungal and antibacterial activity recognized (Harborne & Williams, 2000).

3. Conclusions

The ethyl acetate fraction from the underground parts of J. isabellei showed a good
antioxidant activity by the inhibition of the free radical DPPH and this can be explain due the
content of phenolics, flavonoids and condensed tannins. All the fractions and the crude extract
were effective in inhibit TBARS production; the best I1Csy values were obtained with ethyl
acetate and dichloromethane fractions and this can be attributed, at least in part, to the
presence of phenolics and terpenes. Sitosterol 3-O-B-D-glucoside and stigmasterol were
isolated from the dichloromethane fraction and were described for the first time for J.
isabellei. The good antimicrobial activity presented by the dichloromethane fraction, is

probably due to the abundance of terpenes in this fraction.
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Figure 1. Antioxidant activities of the ethyl acetate and butanolic fractions and crude extract from the
underground parts of J. isabellei against DPPH free radical. The results are the means+S.D. (standard
deviation) values from the triplicate.
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Figure 2. Effects of different concentrations of crude extract, ethyl acetate, dichloromethane, butanolic
fractions from J. isabellei on Fe(Il) (10 uM)-induced TBARS production in brain homogenates. The
samples were incubated for 1 h with Fe(Il) and the plant extracts or without (basal). Data show means
+ SEM (standard error of mean) values average from 3 to 6 independent experiments performed in
duplicate.



Figure 3: Acetil aleuritolic acid (1); sitosterol 3-O--D glucoside (2) and stigmasterol (3).



Table 1. Total phenolic (TP), flavonoids (FC) and condensed tannins content (TC) from the

underground parts of J. isabellei.

Fractions

TP£S.D.

FC+ S.D.

TC=+ S.D.

Dichlorometane

113.354+1.89>%¢

9.60+1.04>¢¢

2.70+1.325¢4

Ethyl acetate

635.80+0.13%%¢

25.90+0.79%%¢

15.63+0.46>%¢

Butanolic

321.20+0.69*>¢

17.70+1.29*°

8.00+0.56>>¢

Crude extract

396.10+0.55*°¢

18.24+1.23%P

8.90+0.51*¢

S.D.: standard deviation; TP: expressed as gallic acid equivalents (ng/mg fraction + S.D.); FC: expressed as
quercetin equivalents (ng/mg fraction + S.D.); TC: expressed as catechin equivalents (ng/mg fraction + S.D.).
Dichlorometane (a); ethyl acetate (b); butanolic (c¢) and crude extract (d). a, b, ¢ and d indicate statistical
difference (p<0.05) in each column.

Table 2. Antimicrobial activity of the underground parts of J. isabellei.

Minimal inhibit concentration (ug/mL)

Microorganisms/Fractions AcOEt CH,(Cl, BUOH Crude
Extract
S. pullorum 1000 500 >2000 >2000
Micrococcus sp. 1000 250 >2000 >2000
C. neoformans 2000 1000 >2000 2000
S. cerevisiae 2000 500 2000 2000
S. schenkii 1000 250 >2000 >2000
F. proliferatum 1000 250 >2000 1000

The minimal inhibit concentration determined by the absence of turbidity.
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Antioxidant capacity, antimicrobial activity and triterpenes isolated from Jatropha

isabellei Miill Arg.

Jatropha isabellei Miill Arg. belongs to the family Euphorbiaceae. The
antioxidant capacity of this plant was evaluated by the DPPH method and
inhibition of TBARS. Ethyl acetate fraction demonstrated the best antioxidant
activity against DPPH free radical and its profile was similar to ascorbic acid.
This fraction also presented the best results of phenolics, flavonoids and
condensed tannins showed a positive relation between phenolic content and
antioxidant activity. All fractions and the crude extract were able to inhibit
significantly the TBARS production induced by Fe (II) at two concentrations
tested reaching the basal levels. In this test ethyl acetate and dichloromethane
fraction shows very goods values for ICsp. The dichloromethane fraction
showed the best results against the fungi S. schenckii and F. proliferatum and
the bacterium of Micrococcus genus. This fraction allowed the isolation of
acetil aleuritolic acid and a mixture of sitosterol 3-O-B-D glucoside and

stigmasterol, described for the first time to this species.

Keywords: Jatropha isabellei; antioxidant capacity; antimicrobial activity;

triterpenes

Materials and methods
Chemicals, apparatus and general procedures
All chemicals were of analytical grade. Silica Gel 60, Silica Gel 60 F254 coated plates, iron
sulfate II (FeSO,4), DPPH radical (1.1-diphenyl-2-picrylhydrazyl), aluminum chloride (AlCls),
ascorbic acid and gallic acid were purchased from Merk (Darmstadt, Germany and Rio de
Janeiro, Brazil). The solvents for the extractions and analytical procedures as
dichloromethane, ethyl acetate, ethanol, methanol, n-butanol and chloride acid were obtained
from Vetec and Proquimios. Folin—Ciocalteau phenol reagent 2 N, tris-HCI, quercetin and
catechin were acquired from Sigma Chemical Co. (St. Louis, MO, USA).

The absorbances were measured in a Shimadzu-UV-1201 (Shimadzu, Kyoto, Japan)

spectrophotometer. NMR spectra were carried out on a Bruker AMX 400 spectrometer



equipped with a broadband 5-mm probe, using a spectral width of 10 ppm (parts per million).
Chemical shifts were expressed as ppm relative to the TMS. Deuterated dimethyl sulfoxide

(DMSO) and chloroform were used as solvent for the samples.

Plant collection and extraction

The underground parts of J. isabellei Miill Arg. were collected in Cacequi (Rio Grande do
Sul, Brazil, coordinates: latitude 29 © 53'01" south and longitude 54 © 49'30" west), in May of
2008. A exsiccate was archived as voucher specimen in the herbarium of Department of
Biology at Federal University of Santa Maria by register number SMDB 11816. The
underground parts were dried at room temperature and powdered in a knife mill. The powder
was macerated with ethanol 70%. After filtration, the ethanol was evaporated under reduced
pressure, causing the aqueous extract. This extract was partitioned successively with solvents
of increase polarity: dichloromethane, ethyl acetate and n-butanol. At the end of all extraction

procedures, each extract was taken to dryness, resulting in the dried fractions.

Radical-scavenging activity — DPPH assay

The antioxidant activity of the fractions and the crude extracts was determined according to a
slightly modified method described by Choi et al. (2002). Spectrophotometric analysis was
used to measure the free radical-scavenging capacity (RSC) and to determine the inhibitory

concentration (ICsg). Ascorbic acid was used as a reference substance.

Determination of total phenolics

The determination of total phenolic content was performed by the Folin—Ciocalteu method
described by Chandra & Mejia, 2004. The test was performed in triplicate and the total
phenolic content was expressed in micrograms equivalents of gallic acid per milligrams of

each fraction.

Determination of flavonoid content

The flavonoid content was determined by the ability of these in complex with AlCl;,
according to a slightly modified colorimetric method described by Woisky & Salatino (1998).
Quercetin was used to make the calibration curve and the test was performed in triplicate. The
flavonoid content was expressed in micrograms equivalents of quercetin per milligram of each

fraction.



Determination of condensed tannins

The condensed tannins were determined by the vanillin method according Morrison, Asiedu,
Stuchbury, & Powell (1995). The crude extract and the fractions were prepared at
concentration of 25.0 mg/mL diluted in methanol. The test was carried out in triplicate and the
condensed tannins content was expressed in micrograms equivalents of catechin per milligram

of each fraction.

Isolation of triterpenes compounds

The dichloromethane fraction from the underground parts (2.70 g) was subjected to column
chromatography on silica gel 60 (240 g) eluted with Hex/CH,Cl, (9.5:0.5 - 0:1); CH,Cl,/EtOH
(9.5:0.5 - 0:1). This procedure resulted in sub-fractions that were analyzed by thin layer
chromatography (TLC) and grouped based on similarity of their chromatographic profiles.
The TLC plates were observed on UV light and the detection was realized with sulfuric
anisaldehyde/100°C for ten minutes. The sub-fractions 81-101, after precipitation with
hexane, resulted on the compound 1 (28mg). The sub-fractions 343-351, after precipitation

with methanol, resulted in the mixture of compounds 2 and 3 (20mg) (figure 1).

In vitro Fe(ll)-induced lipid peroxidation in rat brains

Male Wistar rats weighing 270-320 g and with age from 3 to 3.5 months from our own
breeding colony were kept in cages of 3 or 4 animals each, with continuous access to food and
water in a room with controlled temperature (22 + 3 °C) and on a 12-h light/dark cycle with
lights on at 7:00 a.m. Rats were decapitated under mild ether anesthesia, and the encephalic
tissue was rapidly dissected and placed on ice. Tissues were immediately homogenized in cold
10 mM Tris—HCI, pH 7.5 (1/10, w/v). The homogenate was centrifuged for 10 min at 4000g to
yield a pellet that was discarded and a low-speed supernatant was used for the TBARS assay.
After centrifugation, an aliquot of 100 pL of the supernatant was incubated for 1 h at 37 °C
with pro-oxidants agent (10 uM of Fe,SO,) in the presence or absence of plant extracts for the
determination of lipid peroxidation. The levels of TBARS (thiobarbituric acid reactive
substances) were measured at 532 nm using a standard curve of MDA as described by
Ohkawa, Ohishi & Yagi, (1979) and the values are expressed in nmol MDA/g of tissue. Data
were analyzed statistically by one-way ANOVA.



Antimicrobial activity

The fractions dichloromethane, ethyl acetate and butanolic and the crude extract were
individually evaluated against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia
coli, Klebsiella pneumoniae, Salmonella pullorum, Micrococcus spp., Candida albicans,
Cryptococcus neoformans, Saccharomyces cerevisiae, Sporothrix schenckii, Fusarium
proliferatum ATCC and Prototheca zopfii. The minimal inhibit concentration (MIC) of each
fraction against the test microorganisms were determined by the broth microdilution method
as the protocols by CLSI (Clinical and Laboratory Standards Institute). Eight different
dilutions of each fraction (2000, 1000, 625, 500, 250, 125, 62.5 and 15.625 pg/mL) were
tested. The MIC endpoint was considered as the lowest concentration of the extract or fraction

inhibiting the total growth of microorganisms and was detected by lack of visual turbidity.
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ABSTRACT

Ethnopharmacological relevance: Jatropha isabellei is a medicinal plant which has
been used in traditional medicine for the treatment of arthritic diseases, in especial
gout disorders.

Aim of the study: Confirm the use of J. isabellei by the South American folk
medicine.

Materials and methods: Rats were orally administered with crude extract (100-300
mg/kg) or a fraction rich in alkaloids (0.15 mg/kg) of J. isabellei. Intra-articular
injection of 50 pl of monosodium urate crystals (MSU) (1.25 mg/site) was used as a
gout model and for the assessment of treatment effects on nociception (thermal
hyperalgesia and mechanical allodynia) and inflammation (edema and neutrophil
infiltration). The effect of J. isabellei on uric acid, creatinine and urea levels where
evaluated in the model of hyperuricemia induced by the intra-peritoneal injection of
potassium oxonate (250 mg/kg) in vivo. Xanthine oxidase activity was measured in
vitro. Colchicine (30 mg/kg) or allopurinol (10 mg/kg) were used as positive controls.
Results: Our study demonstrated that J. isabellei crude extract or the fraction rich in
alkaloids was able to prevent thermal hyperalgesia, mechanical allodynia, edema and
neutrophil infiltration induced by MSU injection in the gout model in rats. On the other
hand, the treatment with J. isabellei did not altered uric acid, urea or creatinine levels
in the hyperuricemia model in vivo and the xanthine oxidase activity in vitro.
Conclusion: Confirming its use by folk medicine, J. isabellei crude extract and its
alkaloids fraction exhibited antinociceptive and anti-inflammatory effects in a model of

gout without exerting hypouricemic effect.

Key words: Jatropha isabellei; Euphorbiaceae; nociception; edema; uric acid; MSU.



1. INTRODUCTION

Gout is a metabolic disorder associated with an excess of circulating uric acid
resulting in the deposition of monosodium urate (MSU) crystals in tissues. The
hyperuricemia occur via uric acid under-excretion or overproduction, and can be
readily determined in most patients. Reversible factors contribute to increased urate
production including a high-purine diet, obesity and regular alcohol consumption
(Bieber and Terkeltaub, 2004; Choi et al. 2004). After formed, MSU crystals may be
deposited in joints, usually in the big toe or ankle, causing neutrophil infiltration and
consequent swelling and excruciating pain (Desaulniers et al. 2001). Estimations from
the Third National Health and Nutrition Examination Survey (NHANES III) indicate
that 0.5% of total population suffered from a gout attack. In addition gout is currently
considered the most common inflammatory arthritis in men over 40 years old,
exceeding rheumatoid arthritis (Lawrence et al. 1998; Weaver, 2008).

Options for treatment of chronic gout are allopurinol, an inhibitor of xanthine
oxidase enzyme; probenecide, an uricosuric drug that stimulate the renal excretion of
uric acid and non steroidal anti inflammatory drugs (NSAIDs), as indomethacin, that
inhibited the COX enzyme activity (Cronstein and Terkeutaub, 2006; Terkeltaub,
2010). Another drug that has been used is colchicine, an alkaloid derived from the
autumn crocus Colchicum autumnale witch has been used to gout attacks treatment
(Roberge et al. 1993). However, approximately 50% of patients are noncompliant with
the medication, especially if they are having recurrent gout flares (Gaffo and Saag,
2010). Moreover, each of these agents is associated with risks potentially severe
adverse effects and drug-drug interactions and many gout patients end up opting for

treatments based on folk medicine (Terkeltaub, 2010).



In the Paraguayan and Brazilian traditional medicine dry slice rhizome of
Jatropha isabellei (Euphorbiaceae) is used as infusion or decoction to treat different
types of arthritis, mainly gout (Basualdo et al. 1995; Pertino et al. 2007). However,
until now any activity related with gout disease has been scientifically reported for this
plant. Thus, the aim of this work is confirm the popular use by analyze the
antinociceptive and anti-edematogenic effect of the crude extract and of a fraction

rich in alkaloids obtained from J. isabellei in animal models of gout.

2. MATERIALS AND METHODS
2.1. Animals

The present study was conducted in accordance with the internationally
accepted principles for laboratory animal use and care and all procedures were
approved by our Institutional Ethics Committee (process number 94/2010). The
number of animals and nociceptive stimuli were the minimum necessary to
demonstrate the consistent effects of drugs treatments. Behavioral evaluation was
performed blindly with respect to drug administration. All experiments were performed
using adult male Wistar rats weighing 250-300 g. Animals were housed under
controlled temperature (22 £ 1 °C), on a 12 hour light/12 hour dark cycle and with
standard lab chow and water ad libitum. The animals were acclimated to the

experimental room for at least 1 hour before the experiments.

2.2. Drugs and reagents
Synthetic monosodium urate (MSU) crystals were prepared as described
previously by Rassol and Varalakshmi (2006) and Hoffmeister et al. (2011). Briefly, 4

g of uric acid (Vetec, Brazil) was dissolved and heated in 800 mL of H,O, adjusted to



pH 8.9 with NaOH (9 mL, 0.5 N) at 60 °C, cooled overnight in a cold room, and then
washed and dried. Needle-like crystals were recovered and suspended in phosphate-
buffered (PBS) solution (PBS, 10.71 mM K;HPO,4, 6.78 mM NaH,PO4 120.4 mM
NaCl; pH 7.4). Polarized light microscopic examination confirmed that the crystals
were rod-shaped and varied in length (12 £ 2 ym) The preparation was endotoxin-
free as determined by an amebocyte cell lysate assay (Sigma, St Louis, MO, USA).

The crude extract and the fraction rich in alkaloids from J. isabellei were
prepared in dimethilsulphoxide (DMSO, 5%), Poliethileneglicol (PEG, 20%) and
phosphate buffer (PBS, 75%) for oral (p.0.) administration. Allopurinol and colchicine
were obtained from the drugstore. Potassium oxonate were purchased from Sigma
(USA), dissolved in PBS and administrated by intraperitoneal (i.p.) rout. In addition, 5-
(N,N-diethylamino)-pentyl-3,4,5-trimethoxybenzoate =~ (TMB),  hexadecyltrimethyl-
ammonium bromide (HTAB), xanthine oxidase (XO) and ptherine were purchased
from Sigma (USA).

The Draggendorff's reagent was prepared by dissolution of 8 g of bismuth
subnitrate in 20 mL of nitric acid 30% (v/v). This solution was shed about 22.8 g of
potassium iodide and solubilized in small amount distilled water. The volume was
completed to 100 mL and the content was filtered.

Ethyl alcohol, acetone, chloroform, ammonium hydroxide and ethyl ether were
purchased from Vetec (Brazil). Silica Gel 60 F254 coated plates for thin layer

chromatography (TLC) were purchased from Merck (Darmstadt, Germany).

2.3. Plant collection and extraction
To prepare the plant material for animal treatment, the underground parts of J.

isabellei MUll Arg. were collected in Cacequi (Rio Grande do Sul, Brazil, coordinates:



latitude 29°53'01" south and longitude 54 ° 49'30" west), in May of 2008. A exsiccate
was archived as voucher specimen in the herbarium of Department of Biology at
UFSM (SMDB 11816). The underground parts were dried at room temperature and
powdered in a knife mill. The powder was macerated with ethanol 70% during ten
days, at room temperature. After filtration, the extract was evaporated under reduced
pressure to remove the solvent, using a rotary evaporator, causing the crude extract.

This procedure was repeated seven times and the extracts were combined.

2.4, Alkaloids extraction

The crude extract of J. isabellei was ressuspended in hydrochloric acid 2 N
and washed with ethyl ether three times. The aqueous fraction resulting from the
partition was alkalized with ammonium hydroxide and again washed with ethyl ether
three times. The ethereal fraction was dried resulting in a purified fraction of alkaloids.

The residue from the extraction of alkaloids was dissolved in ethanol and
investigated by TLC technique. A quantity of 2 yL was applied in plates and eluted
with acetone: ammonium hydroxide (97:3) and chloroform: ethanol: ammonium
hydroxide (93:6.5:0.5). The plates were observed under UV light (254 and 365 nm)
and sprayed with Dragendorff's reagent. The purified fraction of alkaloids showed
positive results to alkaloids according to Wagner, Bladt, Zgainski (2006) and the thin
layer chromatography showed the presence of at least three types of alkaloids

classes (Table 1).



Table 1: Substances characterized by TLC technique.

Mobile phase Characteristic Rf
acetone: ammonium 254nm: orange stain 0.82
hydroxide (97:3) 365nm: blue fluorescent stain 0.18
365nm: yellow fluorescent stain  0.12
chloroform: ethanol: 254nm: orange stain 0.59
ammonium hydroxide 365nm: blue fluorescent stain 0.17
(93:6,5:0,5) 365nm: yellow fluorescent stain  0.14

According Wagner, Bladt, Zgainski, 2006.

2.5. Estimation of alkaloids precipitable with Dragendorff’s reagent

To evaluate the amount of alkaloids precipitable with Dragendorff's reagent we
used a spectrophotometric method described for Sreevidya and Mehrotra (2003).
This method is based on the formation of yellow bismuth complex in nitric acid
medium with thiourea that corresponds to the amounts of alkaloids present in plant.
Briefly, 2 g of the crude extract were solubilized in ethanol and hydrochloric acid 1%
until concentration of 60 mg/mL and pH was manteined at 2-2.5. The 5 mL of the
extract solution were added 2 mL Dragendorff's reagent and the precipitate formed
was centrifuged (2.400 rpm/ 30 minutes). The precipitate was washed with ethanol
then treated with 2 mL disodium sulfide solution. The brownish black precipitate
formed was then centrifuged and dissolved in 2 mL concentrated nitric acid. This
solution was diluted to 10 mL in a standard flask with distilled water. To 1 mL of this
solution was added 5 mL thiourea solution 3%. The absorbance was measured at
435 nm against the blank containing nitric acid and thiourea. The quantification
procedure showed a percentage of alkaloids to 0.048%. The amount of alkaloids

present was calculated by absorbance of sample and the calibration curve (y=



2.2783x + 0.0361, r= 0.9996). The crude extract of the underground parts of J.

isabellei showed 0.048 % of alkaloids content.

2.6. MSU crystals-induced arthritic gout

To investigate the possible antinociceptive effect of J. isabellei, we performed
the arthritic gout model induced by intra-articular injections of MSU, according to the
method described by Coderre and Wall (1987), with some modifications. Briefly, we
injected 50 pL of vehicle (PBS) or MSU suspension (1.25 mg/site) intra-articularly
(i.a.) to the tibio-tarsal joint (ankle) on isoflurane anesthetized animals. Separate
groups of animals received orally vehicle (PBS), colchicine (30 mg/kg, used as
positive control), J. isabellei crude extract (100-300 mg/kg) or a fraction rich in
alkaloids (0.15 mg/Kg, p.o., a dose equivalent at alkaloid content in the crude extract
of J. isabellei) 1 hour before the crystals injections. The nociceptive and
edematogenic parameters were observed in 1, 2, 4, 6 and 24 hours after the MSU
injections, except for the fraction rich in alkaloids that was test only at 2 hours after

MSU injections.

2.7. Nociceptive parameters
2.7.1. Mechanical allodynia

The measurement of mechanical paw withdrawal threshold (PWT) was carried
out using the Up-and-Down paradigm as described previously by Chaplan et al.
(1994). Briefly, rats were first acclimatized (1-2 hours) in individual clear Plexiglas
boxes (9 X 7 X 11 cm) on elevated wire mesh platform to allow the access to the
plantar surface of the hind paws. Von Frey filaments of increasing stiffness (6 - 100 g)

were applied to the rat hind paw plantar surface with a pressure causing the filament



to bend. Absence of a paw lifting after 3 seconds led to the use of the next filament
with increasing weight, and paw lifting indicated a positive response and led to the
use of next weaker filament. This paradigm continued until a total of six
measurements or until four consecutive positive or four consecutive negative
responses had occurred. The 50% mechanical PWT response was then calculated
from the resulting scores as described previously by Dixon (1980). The PWT was
expressed in grams (g) and was evaluated before and several times after i.a. injection
of MSU. A significant decrease in PWT compared to baseline values was considered

as mechanical allodynia.

2.7.2. Thermal hyperalgesia

To measure paw withdrawal latency (PWL) to radiant heat, rats were placed
on a glass plate surrounded by a clear plastic chamber (Hargreaves et al. 1988). A
radiant heat stimulus was applied underneath the glass floor with a high-intensity
projector lamp bulb (60 W) and the withdrawal latency was measured using an
electronic timer. The heat stimulus was focused on the plantar surface of each hind
paw. The intensity of the heat stimulus was adjusted to drive average baseline paw-
withdrawal latency (PWL) of approximately 9-12 seconds in naive rats. A 20 seconds
cut-off was used to prevent tissue damage. This parameter allows the observation of
the development of thermal hyperalgesia that are the increased pain sensitivity. Only
quick hind paw movements close from the heat stimulus were counted to be the
withdrawal response. When rats showed locomotion or rearing, measurements were

stopped and waited until they completely settled down.



2.8. Edema measurement

The edema formation was assessed as an increase in articular thickness, in
millimeter (mm), measured before and after MSU injection by a digital capiler
(Hoffmeister et al. 2011). Results were expressed as the difference between the

basal value and the test value at each time observed.

2.9. Myeloperoxidase (MPO) assay

To assess the neutrophil infiltration in articular tissue 6 hours after MSU
induced gout, we evaluated the MPO activity, according to the method of Suzuki et al.
(1983), with some modifications. Vehicle (PBS), colchicine (30 mg/kg), J. isabellei
crude extract (300 mg/kg) or fraction rich in alkaloids (0.15 mg/kg) was administrated
1 hour before MSU injections. Briefly, 6 hours after MSU injection, the animals were
sacrificed by CO,, reperfused to avoid blood interference, and the articular tissue
samples were collected and frosted until analysis. Samples were homogenized with
20 volumes of 80 mM sodium acetate buffer (pH 5.4) plus 0.5% HTAB, centrifuged
(11,200 x g at 4°C for 20 minutes) and the supernatants were collected.

For MPO activity evaluation, 10 pyL of supernatant was incubated with 200 pL
acetate buffer (8 mM, pH 5.4) and 40 pL of TMB (18.4 mM) at 37 °C for 3 minutes.
The reaction was stopped with 30 pL of acetic acid in cold bath, and the enzyme
activity value was assessed colorimetrically at 630 nm, using a Micro plate reader.

The results were expressed as optical density (OD) for g of tissue.

2.10. Potassium Oxonate-induced hyperuricemia in rats
To evaluate the existence of anti-hyperuricemic effect of the J. isabellei crude

extract we used an animal model of hyperuricemia induced by the uricase inhibitor,



Potassium Oxonate (PO). In rodents, uric acid is further metabolized into allantoin by
uricase, thus the crude extract was analyzed in animals treated with an uricase
inhibitor, PO, for evaluate possible effects of the plant on uric acid levels. Briefly, rats
were treated with PO (250 mg/kg; i.p.) 1 hour before oral administration of vehicle; J.
isabellei crude extract (300 mg/kg) or the xanthine oxidase inhibitor, allopurinol (10
mg/kg, used as positive control), as described previously by Nguyen et al. (2005).
Blood samples were taken 2 hours after the drugs administrations by capillarity in the
right eye in anesthetized (90 mg/Kg of ketamine plus 3 mg/Kg of xylazine
hydrochloride, i.p.) rats. Serum was obtained centrifuging blood sample for 10
minutes at 1000 x g. The serum uric acid, urea, and creatinine levels were measured
as renal injury and excretion, by commercial kit analyzes. The results were expressed

in mg/dL and the allopurinol was used as positive control of hypouricemic effect.

2.11. Xanthine oxidase assay

This method was realized according Angel et al. (1986) e Liu et al. (2008), with
same modifications. Xanthine oxidase (0.5 U/ml) was incubated with pterine (20 uM)
in the presence and absence of Allopurinol (10 ug/mL) or J. isabellei crude extract
(10-30- 300 ug/mL) at 37 °C for 30 min. After, samples were boiled in a water bath at
100° during 3 min and centrifuged at 10.000 x g for 10min. The supernatant was
diluted in sodium acetate buffer (0.1 M, pH 5.5) and the xanthine oxidase activity was
determined by fluorescence at 347 nm of excitation and 405 nm of emission using a

spectrofluorimeter.



2.12. Side effects assessment
2.12.1. Open-Field test

The effect of the J. isabellei crude extract (300 mg/kg) or the fraction rich in
alkaloids (0.15 mg/kg) on spontaneous locomotor activity and exploratory behaviour
was assessed by the open-field test, as previously reported by Milano et al. (2008).
The apparatus was a round arena (57 cm in diameter) with the floor divided into 21
equal areas. The number of areas crossed with all paws and the number of rearing

responses were recorded for 5 minutes, 3 hours after the treatment.

2.12.2 Gastric lesion assessment

To evaluate the gastric tolerability of animals after oral administration of J.
isabellei crude extract (300 mg/kg), the fraction rich in alkaloids (0.15 mg/kg) or
sodium diclofenac (50 mg/kg, used as positive control) rats were fasted for 18 hours
prior to drug exposure (Berenguer et al. 2007). The animals were euthanized 6 hours
after the administration of the treatments. Stomachs were opened by cutting along
the greater curvature, washed with saline at 4° and immediately the lesion index was
assessed with support of a magnifying glass. The quantification of gastric mucosal
lesions was carried out by assigning a score according to the number and size of

lesions on a scale from 0 up to 6 points (Oliveira et al. 2009).

2.12.3. ALT and AST measurement

Vehicle (PBS), J. isabellei crude extract (300 mg/kg) or the fraction rich in
alkaloids (0.15 mg/kg) was administrated 1 hour before MSU injections. Briefly, 6
hours after MSU injection, the animals were euthanized by CO, and the serum levels

of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were



assayed spectrophotometrically according to the standard procedures using
commercially available diagnostic kits (BioClin diagnostics (I) Quibasa Quimica

Basica Ltd., Belo Horizonte, Brazil).

2.13. Statistical analysis

All values are expressed as mean + S.E.M. The percentages of prevention are
reported as the mean £ S.E.M. and calculated for the maximal developed responses
obtained after injection of MSU in comparison with vehicle-treated animals. The
statistical significance between groups was assessed by the Student “t” test, one- or
two-way analysis of variance (ANOVA) when appropriate. Pos-hoc tests (Student-
Newman-Keuls’-SNK for one-way or Bonferroni for two-way ANOVA) were also
carried out when appropriate. P values lower than 0.05 (P<0.05) were considered to

be indicative of significance.

3. RESULTS
3.1. Effects of J. isabellei crude extract on nociception and edema induced by
MSU

Animals that received intra-articular injection of MSU crystals (1.25 mg/site)
developed mechanical allodynia, characterized by a significant reduction in the PWT
when Von Frey filaments were applied in injected paw from 1 up to 24 hours (PWT
diminished from 22.6 + 7.1 g in baseline to 6.8 + 3.7 g two hours after MSU injection;
P < 0.001, Figure 1B). It was observed that J. isabellei crude extract (300 mg/kg, p.o.)
was able to prevent the mechanical allodynia induced by MSU from 1 up to 6 hours

after administration, with a complete reversal at 2 hours (Figure 1A). The lower doses



of crude extract (100 or 200 mg/kg) were not capable of altering MSU-induced
allodynia.

Likewise, we also observed the development of thermal hyperalgesia after
intra-articular injection of MSU crystals, indicated as the decrease in the PWL from 2
to 4 hours when the injected paw was exposed to a radiant heat (PWL diminished
from 12.8 + 3.4 s in baseline to 5.1 £ 2.3 s 2 hours after MSU injection; P < 0.001,
Figure 1D). The treatment with the J. isabellei crude extract (200 or 300 mg/kg)
partially reduced (68 £ 20 % of prevention with 300 mg/kg) the thermal hyperalgesia
observed 2 hours after MSU injection (Figure 1C).

Similar to J. isabellei crude extract, the alkaloid colchicine (30 mg/kg, p.o.,
used as positive control), inhibited both mechanical allodynia and thermal
hyperalgesia caused by MSU with 74 + 21 % and 79 = 14 % of prevention,
respectively (Figure 1B and D).

Animals that received intra-articular injection of MSU crystals (1.25 mg/site)
presented an increase in the articular thickness, indicating the development of edema
that was sustained from 1 up to 24 hours after MSU injection (articular edema
increased from 5.6 + 0.9 mm in baseline to 7.7 £ 0.6 mm 2 hours after MSU injection;
P < 0.001, Figure 2B). It was observed that J. isabellei crude extract (300 mg/kg, p.o.)
was able to prevent the articular edema at 2 and 4h after MSU injection, with 35 £+ 8
% and 24 + 3 % of prevention, respectively. The lower doses of crude extract (100 or
200 mg/kg) were not capable of altering MSU-induced edema. The treatment with
Colchicine (30 mg/kg, p.o., used as positive control) prevented the edema formation
in 44 + 14 %, 2 hours after MSU injections.

Furthermore, J. isabellei crude extract (300 mg/kg) did not shown any

alteration in PWT, PWL or articular edema when orally administered in animals that



received intra-articular injections of vehicle demonstrating no per se effect (data no
shown). Since only the dose of 300 mg/kg (p.o.) was able to prevent nociceptive and
edematogenic effects induced by MSU injection, it was chosen for the further

experiments.

3.2. Effects of J. isabellei crude extract on neutrophil infiltration induced by
MSU

To investigate if the treatment with J. isabellei alters neutrophil infiltration, we
assess the neutrophil infiltration in articular tissue after MSU injection by analyzing
the MPO activity (Figure 3). We observed that MSU crystals induced cellular
infiltration in the ankle articulation, when compared with control group (54 + 23 % of
increase in MPO activity). The increase in the MPO activity was fully prevented by
both J. isabelli crude extract and colchicine administration (51 + 4 % and 60 + 8 % of

prevention, respectively).

3.3. Effects of J. isabellei crude extract on Potassium Oxanate (PO)-induced
hyperuricemia in rats

To evaluate the existence of hypouricemic effect of the J. isabellei crude extract, we
used a model of hyperuricemia in rats. As shown in Figure 4, injection of PO (250
mg/kg, i.p.) markedly increased the serum uric acid levels in three times compared
with control group (Figure 4). The treatment with the xanthine oxidase inhibitor
allopurinol (10 mg/kg, p.o., used as positive control) significantly prevented the uric
acid increase in PO-treated animals (89+10% of prevention) while J. isabellei crude
extract treatment did not alter uric acid levels (Figure 4). In these same animals, we

did not observe any alteration in the serum levels of urea and creatinine among the



groups (data not shown). Accordingly with not effect on uric acid levels, the J.
isabellei crude extract (10, 30 e 100 pg/ml) did not was able to alter the xantine

oxidase activity in vitro while allopurinol (10 pg/ml) inhibited it in 70 £ 12 % (Figure 5).

3.4. Effects of a fraction rich in alkaloids extracted from J. isabellei on the
nociception and articular edema induced by MSU intra-articular injection

We consider the hypothesis that the antinociceptive and anti-inflammatory
effects demonstrated by the J. isabellei crude extract could be in part by alkaloids
occurrence in the plant. For assess it, we verified the antinociceptive and the anti-
inflammatory effects of a fraction rich in alkaloids extracted from J. isabellei. It was
observed that the fraction rich in alkaloids (0.15 mg/kg, p.0) was able to prevent
mechanical allodynia (83 + 12 % of prevention), thermal hyperalgesia (43 £ 6 % of
prevention), articular edema (61 + 11 % of prevention) and neutrophil infiltration (46 +
5 % of prevention) induced by MSU at 2 hours after its administration (Figure 6), in a

manner similar to the crude extract.

4. DISCUSSION

Gout is a hyperuricemic condition associated with the deposition of sodium
urate crystals in the joints, causing neutrophil infiltration and consequent swelling and
pain (Martinon, 2010). Management of gout has changed relatively little in the past 50
years, despite the fact that many gout patients have contraindications to one or more
currently available gout therapies. In the South America traditional medicine, J.
isabellei is often used in the treatment of arthritic diseases, especially gout (Pertino et
al. 2007). Our study demonstrated that J. isabellei was able to prevent the

nociception, edema and neutrophil infiltration produced by MSU crystals injection in



rats, confirming its traditional use. Moreover, we suggest that these effects are
attributed, in part, to a presence of alkaloid constituents in the plant.

We first analyzed the antinociceptive and antiedematogenic effects of crude
extract of J. isabellei in rats submitted to intra-articular injections of MSU, a model of
pain and edema related with gout. It was observed that crude extract (300 mg/kg,
p.o.) prevented mechanical allodynia and thermal hyperalgesia induced by MSU
injections and this efficacy was similar to that found for colchicine. These results
clearly indicate the existence of an analgesic-like effect of J. isabellei. It is an
interesting finding since pain is the more frequent and unpleasant signal of gouty
attacks (Martinon, 2006; Terkeltaub, 2010).

Besides pain relief, the gout treatment also must reduce the inflammatory
reaction induced by MSU to avoid the worsening of the disease over the time
(Cronstein and Terkeltaub, 2006; Landis and Haskard, 2001; Sabina et al. 2010).
MSU crystals may stimulate an innate immune response with the production and
release of several pro-inflammatory mediators from plasma and from resident cells
such as kinins, interleukin (IL)-1b and tumor necrosis factor (TNFa). Some of these
mediators are chemotactic and amplify the inflammatory reaction by inducing
leukocyte infiltration (Cronstein and Terkeltaub, 2006; Landis and Haskard, 2001;
Sabina et al. 2010; Martinon, 2010). The interaction of neutrophils with MSU crystals
results in the release of lysosomal enzymes into the synovial fluid as well as the
aberrant production and secretion of pro-inflammatory chemokines and cytokines.
These mediators amplify and perpetuate the inflammatory reaction, which can lead, if
unchecked, to tissue damage (Desaulniers et al. 2001; Popa-Nita and Naccache,
2010). Of note, J. isabellei crude extract (300 mg/kg, p.o.) treatment was able not

only to reduce the edema, but also prevent the neutrophil infiltration induced by MSU



injection. It is an important finding since the reduction of leukocyte infiltration may
prevent its further activation and consequent tissue injury.

Crystal’s accumulation may be also an indirect result of hyperuricemia.
Despite hyperuricemia was not a direct indicator of gout, this characteristic has long
been considering the most important risk factor for the onset of gout. The
development of hyperuricemia may be due to an excessive rate of uric acid
production, that in man, is formed primarily by the xanthine oxidase catalyzing
oxidation of hypoxanthine and xanthine (Osada et al. 1993; Mandell, 2008; Gaffo et
al. 2009). The anti-gout drug allopurinol is metabolized to oxipurinol by xanthine
oxidase suppressing the uric acid generation and is clinically used to prevent gout
attacks (Burke et al. 2006). We demonstrate that in the hyperuricemic model the
allopurinol fully prevented the uric acid increase if compared with the control group.
However, J. isabellei did not present any effect on hyperuricemia as well as creatinine
or urea serum levels. These results suggest that this plant did not present the ability
to inhibit uric acid biosynthesis. In fact, we observed that J. isabellei crude extract
was not capable of inhibit xanthine oxidase activity in vitro. Studies have
demonstrated that XO inhibitors may produce analgesic effects by lowering urate
levels preventing gouty attacks (Ernst and Fravel, 2009; Terkeltaub, 2010). However,
the antinociceptive and antiedematogenic effects of J. isabellei did not occur by
neither xanthine oxidase inhibition nor alterations in the uric acid levels. Thus, our
pre-clinical study suggests that J. isabellei use by population could be useful to treat
gout attacks, as do colchicine or NSAID, but not to prevent it, as do allopurinol.

Colchicine was the first anti-inflammatory drug identified for the treatment of
gout historically and is still used in modern medicine to treat inflammatory diseases

(Keith, 2007). Colchicine is an alkaloid isolated from the corn of the autumn crocus



Colchicum autumnale and its use was approved by Food and Drugs Administration
(FDA) for treatment of acute attack, reducing pain and inflammation in patients with
gout related pain (Ahern et al. 1987; Richette and Bardin, 2010). Our results suggest
that the crude extract of J. isabellei is acting in a way similar to the alkaloid colchicine.
This raises the proposal that alkaloids constituents in J.isabellei may contribute to the
crude extract effects. Accordingly with this idea and similarly observed with crude
extract, we demonstrated that the fraction rich in alkaloids extracted from this plant
was able to prevent nociception, edema and neutrophil infiltration induced by MSU
crystals injection in a dose equivalent to its yield in crude extract. This result indicates
that alkaloids present in J. isabellei may be responsible, at least in part, by
antinociceptive and anti-inflammatory effects of this plant.

Apart its beneficial effect in pain and inflammation, the use of NSAIDs in
arthritic patients is limited by side effects, such as gastrointestinal lesions and renal
failure (Janssens et al. 2008; Kobata et al., 2009). We observed that the oral
treatment with J. isabellei did not induced gastric lesion as did the NSAID diclofenac.
On the contrary, previous studies have demonstrated that J. isabellei crude extract is
gastroprotective and has low toxicity in rats (Pertino et al. 2007). In accordance with
these findings we did not detect any alteration in the activity of enzymes that
indicated liver or renal injury (ALT and AST, respectively) or in locomotor activity of
rats after J. isabellei crude extract or fraction rich in alkaloids administration (data no
shown). Taken together, our and literature data indicates that J. isabellei crude
extract has low toxicity. However, more studies investigating the toxicity of chronic

treatment with this extract must be carried out to evaluate the safety of this plant.



5. CONCLUSIONS
The crude extract of J. isabellei presents antinociceptive and anti-inflammatory
effect in a rat model of gouty arthritis without producing hypouricemic effect. These

results further support the traditional use of this plant in gouty patients.
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Figure 1: Effect of J. isabellei crude extract (300 mg/kg) on the nociception induced
by intra-articular MSU injection (1.25 mg/site). Time course (A) and dose-effect (B) of
anti-allodinic effect; time course (C) and dose-effect (D) of anti-hyperalgesic effect of
crude extract of J. isabellei orally. Each column or point represents the mean of six to
eight animals and vertical lines show the SEM.” p < 0,05 and ** p < 0,001 represents
statistical difference to basal level and * p < 0,05; ** p < 0,01 and *** p < 0,001
represents statistical difference to vehicle - treated group. Statistical analysis was
determined using one-way ANOVA followed by Student-Newman-Keuls’ post test (B

and D) or two-way ANOVA followed by Bonferroni’s post test (A and C).
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Figure 2: Effect of J. isabellei crude extract (300 mg/kg) on the ankle edema induced
by intra-articular MSU injection (1.25 mg/site). Time course (A) and dose-effect (B) of
anti-edematogenic effect of crude extract of J. isabellei orally. Each column or point
represents the mean of six to eight animals and vertical lines show the SEM. b <
0,001 represents statistical difference to basal level; * p < 0,05 and ** p < 0,01
represents statistical difference to vehicle treated group. Statistical analysis was
determined using one-way ANOVA followed by Student-Newman-Keuls’ post test (B)

or two-way ANOVA followed by Bonferroni’'s post test (A).
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Figure 3: Effect of J. isabellei crude extract on the neutrophil infiltration induced by
intra-articular MSU injection (1.25 mg/site), analyzed 6 hours after MSU injections.
Each column or point represents the mean of four to six animals and vertical lines
show the SEM.  p < 0,001 represents statistical difference to vehicle intra-
articularlly injected group; * p < 0,05 and ** p < 0,01 represents statistical difference
to MSU injected group. Statistical analysis was determined using one-way ANOVA

followed by Student-Newman-Keuls’ post test.
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Figure 4: Biochemical changes induced by potassium oxonate administration (250
mg/kg, i.p.). Effect of allopurinol and J. isabellei crude extract in the seric level of uric
acid 2 hour after PO treatment. Each column or point represents the mean of four to
six animals and vertical lines show the SEM. * p < 0,01 represents statistical
difference to basal levels and ** p < 0,01 represents statistical difference to vehicle
treated group. Statistical analysis was determined using one-way ANOVA followed by

Student-Newman-Keuls’ post test.
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Figure 5: In vitro Xanthine oxidase (XO) activity. Effect of allopurinol and different
concentrations of J. isabellei over xanthine oxidase in vitro activity. * p < 0,05
represents statistical difference to vehicle. Statistical analysis was determined using

one-way ANOVA followed by Student-Newman-Keuls’ post test.
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Figure 6: Effect of a fraction rich in alkaloids extracted from J. isabellei in the
nociception and inflammation induced by intra-articular MSU injections (1.25 mg/site).
Anti-allodinic (A), anti-hiperalgesic (B) and anti-edematogenic (C) effects of the
fraction rich in alkaloids orally administrated. . *p < 0,01, #p < 0,01 and * p < 0,001
represents statistical difference to basal levels; * p < 0,05 represents statistical
difference to MSU intra-articular injected and vehicle treated group. Effect of the
fraction rich in alcalloids on the neutrophil infiltration, analyzed 6 hours after MSU
injections (D). ## b < 0,001 represents statistical difference to vehicle intra-articularlly
injected group and ** p < 0,01 represents statistical difference to MSU injected group.
Each column or point represents the mean of four to six animals and vertical lines
show the SEM. Statistical analysis was determined using two-way ANOVA followed

by Bonferroni’s post test.



5 CONSIDERAGOES FINAIS

Os produtos naturais sao utilizados pela humanidade desde tempos antigos. A
busca por alivio e pela cura de doengas através da ingestdo de ervas e folhas talvez
tenha sido uma das primeiras formas de utilizagdo dos produtos naturais. A historia
do desenvolvimento das civilizagbes Oriental e Ocidental é rica em exemplos da
utilizagdo de recursos naturais na medicina, no controle de pragas e em mecanismos
de defesa, merecendo destaque a civilizagdo Egipcia, Greco-romana e Chinesa
(VIEGAS JR, BOLZANI, BARREIRO, 2006).

O uso popular das plantas medicinais contribui de forma relevante para a
divulgagcao das virtudes terapéuticas destes vegetais. A cultura das praticas
alternativas faz despertar o interesse de pesquisadores que buscam novas
biomoléculas.

As plantas medicinais constituem uma fonte importante de pesquisa para a
descoberta de novos agentes terapéuticos, uma vez que sado produtoras de uma
grande quantidade de metabdlitos secundarios com estruturas quimicas
diversificadas. Estes metabdlitos estdo sendo cada vez mais conhecidos através do
isolamento, da elucidagao estrutural e dos testes farmacoldgicos e de toxicidade, fato
que tem impulsionado as industrias farmacéuticas na busca por novos farmacos.

A revisao bibliografica acerca de J. isabellei despertou o interesse em estudar
esta espécie, pois demonstrou-se promissora em fungdo das caracteristicas dos
terpenos isolados e devido aos seus usos populares. Os estudos ja existentes sobre
esta planta séo apresentados no artigo de revisdo que originou a publicacdo na
Revista Saude e remetem as atividades gastroprotetora e citotoxica, bem como
antiprotozoaria e antiproliferativa de J. isabellei.

Os vegetais produzem metabdlitos secundarios dotados de agao antioxidante
que previnem os danos moleculares causados pelas espécies reativas de oxigénio. A
grande diversidade destes compostos se deve ao fato de as plantas terem que se
proteger dos radicais livres produzidos durante um periodo de estresse oxidativo,
como por exemplo, a exposicdo demasiada a radiagao ultravioleta (SCARTEZZINI,
SPERONI, 2000).



Os polifendis sdo amplamente distribuidos no reino vegetal e sao definidos
como substancias que possuem estruturas quimicas contendo um anel aromatico e
hidroxilas livres (MALACRIDA, MOTTA, 2005). Estes compostos sao efetivos
doadores de hidrogénios e seu potencial antioxidante € dependente do numero e da
posicdo de grupamentos hidroxila, bem como, da sua habilidade em suportar a
deslocalizagédo dos elétrons no anel aromatico (RICE-EVANS, MILLER, PAGANGA,
1996). Dentre os polifendis mais importantes, podemos citar os flavondides e taninos
condensados, que se destacam pelas suas propriedades farmacoldgicas.

A auséncia de estudos quimicos sobre o potencial antioxidante de J. isabellei
motivou a avaliacdo desta espécie, uma vez que a busca de plantas e compostos
que previnam o envelhecimento, as doengas neurodegenerativas e o cancer tém
sido procurados e estudados pelas industrias farmacéuticas.

A atividade antioxidante de compostos vegetais pode ser atribuida a varios
mecanismos, como a prevenc¢ao da peroxidacgao lipidica e capacidade sequestrante
de radicais livres (KAUR, GEETHA, 2006). Estes mecanismos foram avaliados
através da inibicao do radical DPPH e da determinagcdo do TBARS. O doseamento
dos compostos que contribuem para a atividade antioxidante também foi realizado.

A atividade antioxidante in vitro do extrato bruto e das fragdes de J. isabellei
foi determinada frente ao radical DPPH (CHOI et al, 2002). Este ensaio determina a
capacidade doadora de hidrogénios de determinadas substancias, ocorrendo a
redugao do radical DPPH. Durante este processo a cor violeta intensa do radical
passa a uma cor amarelo claro, indicando que houve a inibigcdo do radical livre pelas
substéncias antioxidantes contidas nas amostras da planta.

A fracao acetato de etila foi a que apresentou a melhor atividade antioxidante,
com perfil semelhante ao do padrao acido ascorbico. Esta fracdo apresentou ICsy de
14,78 £ 1,10 yg/mL e inibicdo de 95.35% do radical DPPH na maior concentragao
testada (250 pug/mL). Esta concentragdo também demonstrou bons resultados de
inibicao do radical livre para o extrato bruto e a fracdo butandlica, apresentado 80,40
e 74,83% de inibicdo, respectivamente. Entretanto, com a diminuigcdo da
concentragao destas duas amostras, a inibicdo do radical DPPH diminui, tornando os

valores de I1C5yp mais elevados (124,60 e 121,05 ug/mL, respectivamente).



A fracdo diclorometano mostrou uma fraca capacidade antioxidante,
apresentando inibigdo do radical DPPH apenas nas concentragcdes de 250 (34,04%
inibicao), 125 (19,84 % inibigéo) e 62,5 pg/mL (2,26% de inibicao).

Este ensaio evidencia que os solventes extraem compostos diferentes de
acordo com a sua polaridade e assim, estas fragdes se comportam de maneira
diferente frente ao radical DPPH. Muitos estudos demonstram que os compostos
mais polares sdo extraidos mais facilmente pelos solventes polares e apresentam os
melhores resultados para a atividade antioxidante devido a presenga das hidroxilas.
Entre os solventes da particdo, os mais polares (acetato de etila e n-butanol) sdo os
que geralmente apresentam a maior atividade antioxidante (MENSOR et al, 2001).

O doseamento de polifendis, flavonoides e taninos condensados do extrato
bruto e das fragdes de J. isabellei revelou que a fragcao acetato de etila apresenta os
melhores valores para estes metabdlitos e que existe uma correlagao positiva entre o
conteudo destas substancias com a atividade antioxidante. O solvente acetato de
etila foi encontrado como sendo o solvente mais efetivo na extracao de flavonodides e
desta forma apresentando uma notavel atividade antioxidante para esta fragcao
(MATTHAUS, 2002). Varios ensaios relatam a existéncia de uma correlagdo positiva
entre compostos fendlicos e atividade antioxidante utilizando ensaios similares
(CHANDRA, MEJIA, 2004; SOUSA et al, 2007).

O extrato bruto e a fragdo butandlica também apresentaram uma correlagao
positiva e proporcional com a atividade antioxidante. A fragdo diclorometano
demonstrou pouco conteudo de fendis e uma fraca atividade antioxidante, fato que
pode ser explicado em parte, devido a polaridade deste solvente que n&o extrai
compostos polares, que por sua vez, apresentam melhor atividade antioxidante.

O solvente diclorometano foi o solvente mais apolar utilizado na particdo do
extrato aquoso e resultou uma fragdo rica em compostos mais apolares como os
terpenos. Desta fragdo foram isolados os compostos acido acetil aleuritdlico (ja
descrito para esta planta por Pertino et al, 2007) e uma mistura de sitosterol 3-O-3-D
glicosideo e estigmasterol ainda nado relatada para esta espécie.

A mistura de sitosterol glicosilado e estigmasterol caracterizou-se por um
residuo branco amorfo que, quando aplicado e eluido em CCD, apresentou-se como
uma mancha roxa apoés revelagdo com anisaldeido-sulfurico e aquecimento a 100

°C. Através dos espectros de "C-RMN e 'H-RMN (ver em Anexos) os



deslocamentos quimicos foram atribuidos e caracterizaram-se os atomos de carbono
e hidrogénio que constituem os compostos. O solvente utilizado para a solubilizagao
da mistura foi o DMSO deuterado.

Dentre os sinais verificados no espectro de "*C-RMN, os deslocamentos na
regiao de carbonos sp? (6 140,69; 138,25; 129,05 e 121,37 ppm) indicam a presencga
de quatro carbonos oleofinicos, ou seja, duas duplas ligagbes. Os sinais em 140,69 e
121,37 ppm sao caracteristicos de esterdides com uma dupla ligagdo entre os
carbonos 5 e 6 (FORGO, KOVER, 2004; DE-EKNAMKUL, POTDUANG, 2003)
enquanto que os sinais em 138,25 129,05 ppm sao tipicos de triterpenos com uma
dupla ligacdo entre os carbonos 22 e 23 da cadeia lateral dos esterdides (DE-
EKNAMKUL, POTDUANG, 2003; FORGO, KOVER, 2004; ZANON et al, 2008).
Esses deslocamentos quimicos sdo muito importantes na elucidagao estrutural de
esterdides, pois caracterizam B-sitosterol e estigmasterol. Estes compostos possuem
uma dupla ligacdo na mesma posicdo (A®), assim, os sinais do espectro *C-RMN
irdo coincidir e os sinais do C5 e do C6 serdao mais intensos quando comparado com
os outros dois sinais referentes a insaturagcao (Azz) que pertencem somente ao
estigmasterol (DE-EKNAMKUL, POTDUANG, 2003; AYRES et al, 2008). No
espectro de H'-RMN destaca-se o sinal de um singleto largo em 5,32 ppm que é
caracteristico do H-6 de ambos compostos e o dubleto de dubletes em 5,17 ppm e
5,04 ppm que caracterizam os hidrogénios oleofinicos do estigmasterol (H-23 e H-22,
respectivamente) (DE-EKNAMKUL, POTDUANG, 2003; FORGO, KOVER, 2004).

O espectro do *C-RMN permitiu identificar um carbono anomeérico de sinal em
100,89 ppm. A presencga de ressonancias anoméricas em deslocamentos quimicos
na faixa de 90-112 ppm ajuda muito na determinagcdo do numero de O-glicosideos,
uma vez que nenhum carbono de aglicona absorve nesta regiao e que ressonancias
anoméricas sado geralmente ndo equivalentes e ndo se sobrepde umas as outras
(AGRAWAL, 1992). A presenga de um residuo glicosidico no C-3 da aglicona do
sitosterol foi atribuido devido a este carbono apresentar deslocamento quimico de
79,25 ppm. O residuo glicosidico no C-3 da aglicona aumenta o deslocamento deste
carbono em 6-7 ppm para a regido de campo baixo quando comparado com o
deslocamento deste carbono sem residuo glicosidico (CHAURASIA, WICHTL, 1987).
O C-3 do estigmasterol ndo aparece ligado a residuo glicosidico porque seu

deslocamento quimico (& 73,59 ppm) estd em uma regido mais protegida do



espectro. O residuo glicosidico foi identificado como (B-D-glicose por comparagao do
espectro de carbono com a literatura (AGRAWAL, 1992).

A porcentagem aproximada de cada constituinte da mistura foi determinada
de acordo com Goulart et al (1993) utilizando o espectro de 'H-RMN e as
intensidades relativas a integragdo dos picos correspondentes ao H-6 (ambos
compostos), de intensidade relativa 1,50 e os sinais de H-22 e H-23 (do
estigmasterol) com intensidades relativas de 0,30 cada. Subtraindo-se este valor
0,30 de 1,50 (H-6 ambos compostos), obtém-se a intensidade de 1,20, que
corresponde a um préton da molécula de B-sitosterol. As intensidades relativas 0,30
(1H do estigmasterol) e 1,20 (1H do sitosterol) permitiram deduzir que a mistura [1,50
(1+2) =100%] contém 80% de B-sitosterol e 20% de estigmasterol. Muitos autores
encontraram valores mais altos na quantificagcdo do B-sitosterol quando isolado em
mistura com o estigmasterol (GALLOTA, BOAVENTURA, 2005; BOLIGON et al,
2010). Um aumento progressivo na proporgdo de estigmasterol, comparado ao B-
sitosterol, das raizes em relagao ao caule foi atribuido a diferenga da incidéncia de
luz, o que determina a bioconversdo de B-sitosterol em estigmasterol (GALLOTA,
BOAVENTURA, 2005).

A eficiéncia antioxidante do extrato bruto e das fracbes das partes
subterraneas de J. isabellei foi avaliada ex vivo frente ao Fe (ll), um conhecido
agente oxidante. O cérebro de ratos, que é um 6rgao particularmente suscetivel aos
danos causados por radicais livres (devido seu alto consumo de oxigénio e baixa
concentragdo de enzimas antioxidantes) foi utilizado para a avaliagdo da capacidade
antioxidante dos ativos de J. isabellei frente a peroxidacéao lipidica induzida por Fe
(). A lipoperoxidagédo € uma reagao em cadeia iniciada pela abstragao de um atomo
de hidrogénio de um &cido graxo poliinsaturado por um radical livre podendo formar
radicais que propagam a reagdo peroxidativa e carbonilas toxicas como o
malondialdeido, que é citotoxico e pode lesar o DNA (ESTERBAUER, 1993). A
peroxidacao lipidica € a principal consequéncia do estresse oxidativo e resulta em
dano as membranas celulares devido a oxidagao, acarretando um aumento da
fluidez da membrana, comprometimento da sua integridade e inativagdo da interagao
entre membrana/receptor e membrana/enzima (HALLIWELL, GUTTERRIDGE,
1986).



Todas as fragdes e o extrato bruto de J. isabellei, nas concentragdes de 50 e
100 pg/mL, foram capazes de inibir significantemente a produ¢do de TBARS quando
comparadas com o controle (p< 0,001), alcangando os niveis basais. Considerando a
concentragdo capaz de inibir a produgcado do TBARS em 50% (ICso - pg/mL £ SEM), a
fragdo acetato de etila apresentou o menor valor (34,5 + 8,5), seguida pelas fragbes
diclorometano e butandlica (37,8 + 9,7 e 49,04 + 2,9, respectivamente) e pelo extrato
bruto (51,19 * 4,25). Estes valores ndo apresentam diferencga significante entre si
com p< 0,05.

Os bons resultados encontrados para esta planta podem ser explicados, em
parte, devido aos compostos fendlicos da fragao acetato de etila e pela presencga de
triterpenos na fragdo diclorometano. Os flavondides s&o conhecidos por inibir a
peroxidacao lipidica e a lipooxigenase in vitro, bem como os triterpenos sitosterol e
estigmasterol que inibiram a peroxidagcéo lipidica em 21 e 9% respectivamente
(HUNG, YEN, 2001; SOUSA et al, 2007). Assim, esta planta pode ser um auxiliar na
prevencdo e no combate aos danos celulares e neurotoxicos causados pela
peroxidagao lipidica.

Visando avaliar a capacidade antimicrobiana da espécie J. isabellei, o extrato
bruto e as fracdes diclorometano, acetato de etila e butandlica foram avaliadas frente
a uma série de microorganismos que incluem bactérias, fungos e uma alga. A fragao
diclorometano apresentou os melhores resultados frente aos fungos S. schenckii e F.
proliferatum e frente a bactérias do género Micrococcus, com concentragao inibitoria
minima de 250 pg/mL para cada microorganismo. A atividade antimicrobiana da
fracao diclorometano pode ser atribuida, em parte, aos terpenos presentes nesta
fragdo. Muitos estudos anteriores relatam a atividade antimicrobiana dos terpenos e
das fragdes mais apolares (AIYELAAGBE et al, 2000; CHEN et al, 2008; SINGH,
DUBEY, 2001; SINGH, SAHU, SHARMA, 2002; SINGH, SINGH, 2003;
STEFANELLO et al, 2006; TABOPDA et al, 2009; URZUA et al, 1998).

Os terpenos da espécie J. isabellei, como o B-sitosterol, o estigmasterol e o
acido acetil aleuritdlico, ja foram avaliados anteriormente quanto a sua capacidade
antimicrobiana e apresentaram bons resultados frente aos fungos e bactérias
testadas (PERES et al, 1997; CORTEZ et al, 1998; JAIN, SINGH, JAIN, 2001;
MATHABE et al, 2008).



A espécie J. isabellei é utilizada popularmente no tratamento de artrite, em
especial a gota. A gota é um processo inflamatorio que ocorre nas articulagdes
devido a interagéo dos cristais de urato com os neutréfilos presentes na articulagéo.
Este processo libera mediadores inflamatdérios que atraem mais células de defesa
para a articulagdo, ampliando a resposta imune. A defesa do organismo contra os
cristais provoca uma grande reacédo inflamatoria na articulagdo o que provoca dor,
calor, edema e vermelhid&o.

As plantas podem contribuir no tratamento da gota através de seus
metabdlitos secundarios que possuem acao anti-inflamatéria, como os terpenos e
flavonoides e também através dos alcaldides, como a colchicina, responsavel por
inibir a quimiotaxia dos leucdcitos para dentro da articulagdo, evitando assim, a
ampliagao da resposta imune (AHERN et al, 1987; SPILBERG et al, 1979).

Com a finalidade de comprovar o uso popular desta espécie para o tratamento
de artrite, em especial gota, os efeitos antinociceptivo e anti-edematogénico do
extrato bruto e de uma fragao purificada de alcaldides, foram avaliados através de
modelo experimental para gota utilizando animais. A fragcdo purificada de alcaldides
foi obtida a partir do extrato bruto através da extragdo de Stas-Otto, utilizando éter
etilico. Esta fracédo foi previamente caracterizada por CCD e revelou a presencga de
pelo menos trés classes de alcal6ides segundo Wagner, Bladt, Zgainski (2006). A
quantificacdo de alcaldides no extrato bruto deu-se através de doseamento
espectrofotométrico segundo a metodologia descrita por Sreevidya e Mehrotra
(2003), revelando a presenga de 0,048% de alcaloides.

A artrite gotosa deste modelo experimental foi induzida pela inje¢ao de cristais
de urato (MSU) na articulagdo do tornozelo dos ratos anestesiados, conforme
metodologia descrita por Coderre e Wall (1987). Uma hora antes da injecédo dos
cristais, os animais foram divididos em quatro grupos e tratados com veiculo,
colchicina (30mg/kg), extrato bruto da planta (300mg/kg) ou com a fragédo rica em
alcaldides (0,15mg/kg). A administracdo da colchicina e dos extratos da planta antes
dos cristais, determina que este experimento avalie a prevengao da inflamagédo. Uma
curva de doses e de tempos previamente determinada, demonstrou que o melhor
efeito do extrato bruto na diminuicdo da dor e do edema ocorreu na dose de
300mg/kg e se deu 3 horas apds a administracédo do extrato bruto, sendo 2 horas

ap6s a injecdo dos cristais de MSU, assim, os parametros do ensaio foram



analisados neste tempo. A dose da fracdo purificada de alcalbides foi determinada
com base na quantificagdo de alcaldides no extrato bruto (0.048%).

Para avaliar a nocicep¢ao foram utilizados dois parametros: estimulo
mecanico, através dos filamentos de Von Frey (determina se ha ocorréncia de
alodinia mecanica) e estimulo térmico, através do feixe de luz de alta intensidade
(determina se ha ocorréncia de hiperalgesia térmica) (CHAPLAN et al, 1994;
HARGREAVES et al, 1988). A alodinia e a hiperalgesia sdo decorrentes da
sensibilizacdo do animas apds a injecdo dos cristais e o desenvolvimento da
resposta imune, ou seja, os animais vao sentir com mais facilidade os estimulos
mecanicos e térmicos. Como todo processo inflamatério produz edema na regido
afetada, a medi¢cdo do edema foi outro parametro avaliado no modelo experimental
de gota. Todos os animais tiveram seu limiar basal previamente determinado e no
momento do experimento o0s animais que receberam a fracdo purificada de
alcaldides e o extrato bruto, tiveram seus dados comparados com animais que
receberam apenas o veiculo e outros que receberam o controle positivo, a colchicina.

O extrato bruto de J. isabellei (300mg/kg) foi capaz de reverter completamente
a alodinia mecénica e reduzir a hiperalgesia térmica (68 + 20%) no tempo de 2
horas, ou seja, impediu que houvesse a reducéo do limiar da dor (pelos nociceptores
de estimulos mecanicos e térmicos) devido reacdo inflamatdria na articulagdo. A
colchicina, utilizada como controle, também inibiu a alodinia mecanica (74 £ 21% de
prevencao) e a hiperalgesia térmica (79 £ 14% de prevengao) causadas pela injecao
de MSU. O extrato bruto de J. isabellei também foi capaz de reduzir o edemaem 2 e
4 horas com reducédo de 35 £ 8% e 24 + 3%, respectivamente. A colchicina impediu a
formacao do edema em 44 £ 14% em 2 horas.

Com a finalidade de avaliar se o extrato bruto de J. isabellei esta atuando na
inibicdo da migracdo leucocitaria para dentro da articulagao, optou-se por determinar
colorimetricamente a quantidade de mieloperoxidase (MPO) (SUZUKI et al, 1983). A
MPO é um marcador enzimatico utilizado para verificar a presenca de leucdcitos
polimorfonucleares em amostras de tecidos (SCHIERWAGEN, BYLUND-
FELLENIUS, LUNDBERG, 1990).

A acumulacdo de leucocitos polimorfonucleares (PMNs) é um evento
caracteristico dos estagios iniciais da reagado inflamatéria aguda e embora estas

células tenham um importante papel na reparacdo processos, elas também podem



contribuir para a destruicdo de tecidos potencialmente viaveis (SCHIERWAGEN,
BYLUND-FELLENIUS, LUNDBERG, 1990). Por isso, em casos como a artrite gotosa
deve-se evitar ao maximo a presengca de grande quantidade de leucécitos na
articulagao, reduzindo assim, os danos ao paciente.

A mieloperoxidase é uma enzima lisossomal presente nos leucdécitos
polimorfonucleares e que possui um mecanismo dependente de oxigénio para
exercer sua funcdo de defesa contra bactérias e outros corpos estranhos. A sua
liberacdo se da em fagolisossomos como consequéncia da fagocitose (CHAMPE,
HARVER, FERRIER, 2006; O'BRIEN, 2000).

A injecao de cristais de MSU na articulag&o induz a fagocitose pelos PMNs e
a liberagdo de mediadores inflamatdrios proporciona um aumento da infiltragao
celular, ocorrendo um aumento de 54 + 23 % na atividade da enzima MPO. Este
aumento foi prevenido pelo extrato bruto de J. isabellei e pela administragdo de
colchicina (51 +4 % e 60 £ 8 % de prevengao, respectivamente).

Como todos os ensaios testados no modelo de gota foram favoraveis para o
extrato bruto de J. isabellei, optou-se em verificar se a administracdo desta planta
poderia estar causando um efeito hipouricemiante e consequente falso positivo para
os parametros de nocicepcgao, edema e MPO, uma vez que, diminuiria a quantidade
de acido urico no sangue, prevenindo o depdsito nas articulagdes.

Para testar este efeito, a hiperuricemia foi induzida nos ratos através da
administragdo de um inibidor da uricase, o oxonato de potassio (PO - 250mg/kg), 1
hora antes da administracdo do extrato bruto (300mg/kg) e do alopurinol (10mg/kg)
(NGUYEN et al, 2005). Nos mamiferos, com excec¢ao dos primatas, a enzima uricase
metaboliza o acido urico (formado devido a degradagao das purinas), em alantoina
gue em alguns animais, ndo nos mamiferos, pode ser degrada em uréia ou amonia.
A inibicdo desta enzima proporciona a elevagao dos niveis séricos de acido urico,
levando a um quadro de hiperuricemia. O alopurinol, utilizado como controle positivo,
diminui os niveis de acido urico no sangue por atuar na inibicdo da enzima xantina
oxidase, o que resulta no acumulo de hipoxantina e xantina, que sdo compostos
mais soluveis e, portanto, com menor probabilidade de promoverem resposta
inflamatéria. (CHAMPE, HARVER, FERRIER, 2006).

Os niveis de acido urico, uréia e creatinina foram avaliados para a

determinacdo da excrecdo e de danos renais. A administracido de alopurinol, como



se esperava, reduziu os niveis de acido urico (89 + 10%), enquanto que o extrato
bruto de J. isabellei nao teve efeito na redugao do acido urico excretado. Os niveis
de uréia e creatinina também nao foram alterados, ndo demonstrando injurias renais.

Outra técnica utilizada para avaliar uma possivel hipouricemia causada pela
administracao de J. isabellei foi a determinacao da inibigao direta da enzima xantina
oxidase (ANGEL et al, 1986; LIU et al, 2008). Concordando com os efeitos nulos
sobre a excrecao de acido urico, o extrato bruto ndo foi capaz de inibir a enzima XO,
comprovando desta forma, que a melhora do quadro inflamatdrio se deve as
propriedades farmacoldgicas da planta e ndo devido a redugdo da uricemia pela
inibicdo da biossintese do acido urico. O controle positivo, alopurinol, inibiu a enzima
em 70 £ 12%.

Todos os testes descritos acima foram igualmente realizados para a fragéao
purificada de alcaldides, uma vez que esta classe de metabdlitos secundarios pode
estar contribuindo na melhora dos sintomas e do quadro inflamatério da gota
induzida nos ratos. A fragdo purificada de alcaléides (0,15mg/kg) foi capaz de
preveniar a aloidinia mecanica (83 + 12 % de prevencéao), a hiperalgesia térmica (43
+ 6 % de prevengao), o edema da articulagdo (61 + 11 % de prevengdo) e a
infiltracdo de leucdcitos polimorfonucleares (46 £ 5 % de prevengao) no tempo de 2
horas apo6s a administragdo dos cristais, de maneira similar como ocorreu com o
extrato bruto e a colchicina.

A existéncia de possiveis efeitos colaterais foi avaliada durante os
experimentos, uma vez que as plantas possuem uma ampla gama de metabdlitos
secundarios responsaveis por diferentes respostas farmacoldgicas e que os anti-
inflamatoérios ndo esteroidais em sua maioria causam lesdes gastricas devido a
inibicao da COX-1.

A capacidade exploratéria e locomotora, bem como os efeitos sobre a mucosa
estomacal e danos hepaticos e renais foram avaliados. A administragdo do extrato
bruto de J. isabellei e da fracdo purificada de alcaldides nao induziu o
desenvolvimento de lesbes gastricas, como ja comprovado anteriormente por Pertino
et al (2007). Também nao foram observadas alteragbes na atividade das enzimas

AST e ALT, bem como na atividade locomotora.



6 CONCLUSOES

* A fragdo acetato de etila apresentou a melhor atividade antioxidante e o melhor
valor de ICsq frente ao radical DPPH, com perfil semelhante ao do padrdo acido
ascorbico. Esta fragdo também apresentou os melhores valores para os
doseamentos de polifendis, flavondides e taninos condensados, demonstrando que
existe uma relagdo positiva entre o conteudo destas substéncias e a atividade
antioxidante.

* A fragao butandlica e o extrato bruto tiveram bons resultados na inibicdo do DPPH,
enquanto que a fragao diclorometano apresentou fraca atividade antioxidante. Para
estas amostras, o conteudo de polifendis, flavondides e taninos condensados foi
relativamente proporcional a sua capacidade antioxidante.

* A partir da fragdo diclorometano foi possivel isolar uma mistura de substancias
descritas pela primeira vez para esta espécie, o sitosterol 3-O-B-D glicosideo e
estigmasterol. O acido acetil aleuritdlico, ja conhecido para esta espécie foi
novamente isolado pelo nosso grupo de pesquisas.

» A inducdo da peroxidacéo lipidica com o Fe(ll) revelou que todas as fragbes e o
extrato bruto de J. isabellei, nas concentragdes de 50 e 100 pg/mL, foram capazes
de inibir significativamente a produgédo de TBARS, alcangando os niveis basais.

* Na atividade antimicrobiana, a fragdo diclorometano apresentou os melhores
resultados frente aos fungos S. schenckii e F. proliferatum e frente a bactérias do
género Micrococcus, com concentragdo inibitéria minima de 250 pg/mL para cada
microorganismo.

« O extrato bruto de J. isabellei apresentou efeitos antinociceptivos e anti-
edematogénicos em modelo animal para artrite gotosa, fatos que comprovam sua
acao anti-inflamatéria e o uso popular desta planta no tratamento da gota.

* A fragdo purificada de alcaldides apresentou efeitos antinociceptivos e anti-
edematogénicos em modelo animal para artrite gotosa, o que sugere que o0s
alcaldides desta planta possam estar envolvidos, em parte, na atividade anti-

inflamatdria desta planta.
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ANEXOS



ANEXO 01: Espectro de *C-RMN (100MHz, DMSO): Sitosterol 3-O-3-D glicosideo e
estigmasterol
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ANEXO 02: Espectro de "H-RMN (400MHz, DMSO): Sitosterol 3-O-3-D glicosideo e
estigmasterol
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ANEXO 03: Espectro de *C-RMN (100MHz, CDCl,): Acido acetil aleuritélico
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