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RESUMO

A doenga de Chagas ¢ causada pelo protozoario Trypanosoma cruzi ¢ é a doenga endémica de
maior abrangéncia na América Latina, com aproximadamente 100 milhdes de pessoas
vivendo em areas de risco. Assim como outras doengas causadas por protozoarios parasitas, a
unica droga disponivel para o tratamento dos doentes apresenta muitos efeitos colaterais, e no
caso da doenca de Chagas, também baixa eficicia na fase cronica. Uma alternativa visada
atualmente ¢ o estudo de substincias extraidas de fontes naturais, como as plantas, para
substituir drogas convencionais ¢ conhecidamente toxicas no tratamento de inimeras doengas
e disfungdes. Tanacetum parthenium é uma planta medicinal usada ha anos no tratamento de
enxaqueca, febre e inflamagoes. Este trabalho teve por objetivo estudar o efeito dos extratos
brutos, fragdes e substancia purificada partenolideo, sobre a forma epimastigota de T. cruzi,
bem como avaliar o efeito toxico em hemaceas de mamiferos e células de linhagem. O
partenolideo foi estudado quanto sua acdo na viabilidade de formas tripomastigota e
amastigota, alteragdes ultraestruturais ¢ na interagdo parasita-hospedeiro. Ao longo do
processo de purificacdo, o efeito tripanocida foi aumentando, resultando em inibi¢cdo de 50%
apds 96 h, na faixa de 3,0 — 280 pug/ml para os extratos brutos, 2,1 — 79,0 pg/ml para as
fragdes e 0,5 pg/ml para o partenolideo, em formas epimastigotas. As concentragdes
citotoxicas de 50% também foram determinadas entre 3,2 — 4325 ug/ml em células de
mamifero e 240 - 700 pg/ml em heméceas. A partir das concentragdes obtidas foi
determinado o indice de seletividade de 1,5 — 12,6, 0,9 — 80,9 e 6,4, para extratos brutos,
fragdes e partenolideo, respectivamente. A viabilidade das formas tripomastigotas, a
temperatura de 4 °C e 37 °C ap6s 24 h, e amastigotas a 4 °C, foi de aproximadamente 60-65%,
na concentracdo de 20 pg/ml. A 37 °C, as concentragdes efetivas de 50% e 90% em
amastigotas foram determinadas em 2,2 e 6,8 pg/ml, respectivamente. Na interacdo parasita-
hospedeiro, apds 96 h de tratamento com partenolideo, o indice de internalizagao foi reduzido
em 51% na concentragdo de 2 pg/ml e 96,6% a 4 pg/ml. Foram visualizadas alteracdes
morfoldgicas e ultraestruturais por microscopia eletronica de varredura e transmissdo (MEV e
MET) em epimastigotas e amastigotas tratadas com partenolideo. Na MET mostrou alteragdes
em algumas organelas como nucleo, reservossomos, mitocondria, também formagdo de
vacuolos e estruturas concéntricas. Alteracdes morfologicas foram visualizadas por MEV nas
duas formas replicativas do parasita, principalmente distor¢cdes no corpo celular.

Palavras Chave: Trypanosoma cruzi. Tanacetum parthenium. Partenolideo. Interagéo
parasita-hospedeiro. Ultraestrutura.
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1 REVISAO BIBLIOGRAFICA

1.1 A DOENCA DE CHAGAS E TRYPANOSOMA CRUZI

A doenga de Chagas, também conhecida como tripanossomiase americana,
foi inicialmente descrita em 1909 por Carlos Chagas. A partir da descoberta da doenca, foi
possivel identificar o agente etioldgico, o vetor e o ciclo silvestre e doméstico do parasita. Os
principais sintomas e conseqiiéncias da doenga também foram descritas em seres humanos,
contribuindo para que o diagndstico do mal que afetava a populacdo na época pudesse ser
feito mais seguramente, e hoje, quase 100 anos depois, estima-se cerca de 18 milhdes de
pessoas infectadas, quase que a totalidade na América latina (WHO, 2002).

A doenca representa um problema sério de satde publica em todos os
paises no qual estd presente, aumentando os custos do sistema com gastos no tratamento dos
doentes e provocando a invalidez de individuos ainda em idade produtiva. No Brasil, estima-
se que mais de dois milhdes de pessoas estejam infectadas, cerca de 1,5% da populagdo
(Brener, 2000).

Estudos em paleoepidemiologia ainda ndo possibilitaram determinar com
exatiddo quando os seres humanos entraram no ciclo do parasita, servindo como hospedeiros
e se tornando susceptiveis a doenga de Chagas. Entretanto, alguns estudos moleculares com
tecidos extraidos de mumias da regido Andina mostraram a presenga do parasita em
populacdes locais de aproximadamente 9000 anos atras (Aufderheide e cols., 2004).

A transmissdo pode ocorrer de duas maneiras. Naturalmente através de
excretas contaminadas de insetos triatomineos hematéfagos, também por via oral e
transplacentaria. O avanco da medicina proporcionou a transmissao artificial por transfusao
sangiiinea e também transplante de orgdos infectados, segundo casos relatados em épocas
anteriores ao controle realizado atualmente.

A doenga de Chagas ¢ considerada a parasitose endémica latino-americana
de maior impacto socioecondmico, ja que a transmissao natural estd diretamente relacionada
as condigdes de vida da populagdo nas areas de risco. Felizmente, nas tltimas décadas, a taxa
de infec¢do mediada pelo vetor vem decaindo nas regides anteriormente consideradas

endémicas devido a melhoria das habitagdes. Entretanto, a0 mesmo tempo, observa-se um
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aumento significativo de casos em regides de colonizagdo recente, como a regido de floresta
amazonica (Akhavan, 2000).

A partir dos anos 70, iniciaram-se programas de erradicagdo da doenga em
varios paises. Um desses programas consistiu no controle do vetor por pulverizagdo de
habitacdes e areas circunvizinhas, o qual resultou em alguns acordos entre paises para
controlar, em ambos os lados da fronteira, as espécies mais importantes para a transmissao. O
esforco em grande parte foi recompensado, visto que em 1997 e 1999, Uruguai e Chile foram
respectivamente certificados como livres de transmissdo da doenca. De 1975 a 1995, o
governo brasileiro investiu aproximadamente 420 milhdes de ddlares no controle da doenga
de Chagas. Como conseqiiéncia disso, em mar¢co de 2000, varios estados da nagdo
previamente considerados endémicos foram também certificados como livres da transmissao
vetorial (Akhavan, 2000).

Outros problemas de transmissdo, como por transfusdo sangiiinea, foram
detectados a partir de 1935, porém somente na década de 80, com a emergéncia da AIDS
(sindrome da imunodeficiéncia adquirida), que se iniciou um exame mais rigoroso dos
doadores e o controle dos estoques sangiiineos com drogas antiparasitarias, como cristal
violeta. Apesar disso, em 1991, a transmissdo por transfusdo de estoques contaminados de
sangue era ainda um problema sério em varios paises endémicos da América latina, visto que
nesta época, apenas Brasil, Argentina e Uruguai possuiam legislacdo especifica para
qualidade do sangue (Dias e cols., 2002).

A transmissao congénita do parasita, foi descrita em 1940 e identificada em
quase todos os paises, com incidéncia de 0,5 a 10% variando de acordo com a regido. O
controle se deu através da realizagdo de exames nas gestantes e também no bebé apos 6 meses
do nascimento, com administragdo de droga antiparasitaria nos casos confirmados. Também
houve detec¢do de casos de infecgdo através de transplante de 6rgdos, porém o controle ja é
realizado com exames dos doadores. Apesar de todos os esfor¢os individuais e conjuntos, o
controle da doenga apresenta resultados diferentes, visto que os investimentos e a legislacao
de cada pais impedem que a transmissdo seja erradicada totalmente e simultaneamente. No
Brasil, atualmente, a taxa de transmissao congénita varia entre 1 e 4% (Dias e cols., 2002).

A doenga de Chagas apresenta duas fases, aguda e cronica. A fase aguda
pode se apresentar como uma lesdo inflamatoria (chagoma) no local de entrada do parasita.
Quando a entrada do mesmo ocorre pela mucosa do olho, pode-se visualizar apds alguns dias
o sinal de Romafia, caracterizado pelo inchago em um dos olhos. No periodo de duas semanas

a um més, ocorre quadros febris discretos, linfoadenopatia, ndusea, mal estar geral e
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hepatoesplenomegalia. Em casos mais graves pode haver irritacdo da meninge, taquicardia,
arritmias e outras alteragdes cardiacas, que em casos raros levam o individuo a morte
(Tanowitz e cols., 1992). Quando a infec¢do ndo ¢ detectada e tratada, esta pode evoluir para
a fase cronica, na qual a maioria dos infectados permanece por toda a vida sem nenhum
sintoma. Porém, quando a doenga se manifesta podem aparecer eventos tromboembolicos,
faléncia cardiaca, arritmias, aneurismas, mionecroses ¢ hipertrofia miocelular, levando aos
casos chagdsicos tipicos de dilatagdes no coragdo, colon e eséfago (Koeberle, 1968; Tanowitz
e cols., 1992).

O ciclo de vida de T. cruzi se passa em dois hospedeiros, um inseto vetor e
um mamifero. As formas epimastigotas (estagios replicativos extracelulares) se multiplicam
no intestino médio do vetor. Apds esta etapa, estas formas migram para o intestino posterior
onde se aderem a superficie mucosa e se diferenciam em tripomastigotas metacliclicas
(formas infectivas, ndo replicativas). No momento do repasto sangiiineo, o inseto libera as
formas infectivas nas fezes que entram no mamifero através de lesdes na pele e mucosas. No
tecido infectado, os tripomastigotas invadem células do hospedeiro (macréfagos, midcitos) e
no seu interior se diferenciam em amastigotas (formas replicativas intracelulares) que se
multiplicam e ainda no interior da célula hospedeira se diferenciam em tripomastigotas, os
quais sao liberados ap6s ruptura celular. Apds varios ciclos de infeccao e replicacao, durante a
fase aguda, os tripomastigotas atingem Orgdos e outros tecidos do hospedeiro, dispersados
através da corrente sangiiinea, onde dardo origem aos ninhos de amastigotas ou entdo
infectam o inseto vetor, durante um novo repasto (Souza, 2002).

Os vetores responsaveis pela transmissao do parasita pertencem a ordem
Hemiptera, familia Reduviidae e sub-familia Triatominae. Os triatomineos tém habito noturno
e sdo hematdfagos em todos os estagios de vida, tanto o macho quanto a fémea. Defecam logo
apds o repasto sangiiineo sendo, portanto, possiveis transmissores da doenga de Chagas. A
fémea poe até 500 ovos durante a vida e o tempo de incubacao varia de 15 a 30 dias. A
duragdo do ciclo de vida do inseto até seu ultimo estagio adulto depende da temperatura,
alimenta¢do, umidade relativa e espécie, variando entre 100 dias a 2 anos (Lent e cols., 1979).

Trés géneros foram identificados como responsaveis pela transmissao:
Rhodnius, Triatoma e Panstrongylus, que juntos abrangem mais de 100 espécies distribuidas
por todo o territério latino-americano. A Organizacdo Mundial de Satde, em um
levantamento feito em 1990, reportou as 6 espécies de maior importancia: R. prolixus, T.
infestans, T. dimidiata, T. sordida, T. brasiliensis e P. megistus. No ano 2000, 10 anos depois,

um novo estudo mostrou apenas 3 espécies ainda significativas: R. prolixus, T. infestans e T.
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dimidiata. A diminui¢do de casos de transmissdo vetorial, bem como a diminui¢do do niimero
de espécies significativas decorre da melhoria nas condigdes habitacionais e o controle
populacional dos vetores em areas circunvizinhas as comunidades em risco (Moncayo, 2003).

O parasita Trypanosoma cruzi ¢ o agente causador da tripanossomiase
americana. Na classificacdo taxondmica atual pertence a ordem Kinetoplastida e familia
Trypanosomatidae. Os organismos pertencentes a essa ordem possuem um organela
conhecida como cinetoplasto, que ¢ uma regido diferenciada da mitocondria onde se
concentra 0 DNA mitocondrial organizado em mini e maxi-circulos, denominado k-DNA
(Levine e cols., 1980). A familia ¢ constituida de protozoarios parasitas uniflagelados, mono
ou heteroxénicos, na qual também estdo presentes outros parasitas de importancia médica
como Trypanosoma brucei, responsavel pela tripanossomiase africana (doenga do sono) e
espécies do género Leishmania, responsaveis pelas leishmanioses cutaneas, mucosas e
viscerais (Hoare & Wallace, 1966).

T. cruzi apresenta no citoplasma, além do cinetoplasto, algumas organelas
distintas como o acidocalcissomo, que armazena ions calcio para posterior utilizagdo na
célula; o glicossomo, que possui em seu interior as enzimas da via glicolitica, onde esta
ocorre; € o reservossomo, responsavel pelo armazenamento de lipidios e proteinas, em
especial as cisteina proteases denominadas cruzipainas (Souza, 2002).

A caracterizagdo molecular do parasita utilizada nos tltimos anos supde 2
subdivisoes, T. cruzi I (Tcl) e T. cruzi II (Tcll), sendo esta ultima subdividida em 5 grupos (a-
e) (Briones e cols., 1999). Acredita-se que estas subdivisdes estejam relacionadas com a
evolugdo do protozodrio juntamente com seus hospedeiros mamiferos principais e também o
seu potencial patogénico. A Tcl estaria relacionada aos arboricolas, onde o hospedeiro mais
comum seriam mamiferos marsupiais, enquanto que a Tcll seriam principalmente animais
terrestres tendo os tatus como principais hospedeiros. Outra avaliacdo seria a distribui¢ao
geografica, que caracteriza a Tcl predominante nos paises da regido amazonica e a Tcll nos
paises do cone sul (Yeo e cols., 2005).

A principal resposta imune inata aos protozodrios ¢ a fagocitose, porém
algumas espécies sdo capazes de resistir ¢ se multiplicar dentro das células hospedeiras,
mesmo dentro de macréfagos, como € o caso de T. cruzi. O processo de invasdo celular ainda
ndo ¢ bem esclarecido, porém sabe-se da participacdo de lisossomos na formagao do vactiolo
parasitoforo. A forma tripomastigota se adere a membrana plasmatica da célula hospedeira
provavelmente através de diferentes glicoproteinas presentes na superficie do parasita,

desencadeando processos de sinalizacdo intracelular que resultam na elevagdo da
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concentragio de Ca®" em ambas as células. Essa alteracdo na concentragdo de fons calcio
livres induz a migracao gradual de lisossomos para o local da membrana onde o parasita esta
aderido. Enquanto os lisossomos se fundem a membrana, o parasita se internaliza em um
vactolo formado pelas membranas lisossomais. Apods determinado tempo o vacuolo
parasitoforo ¢ rompido, liberando o protozoario no citoplasma. Ocorre entdo a diferenciacao
para a forma amastigota que se replica por fissao binaria em ciclos aproximados de 12 horas
(Tan & Andrews, 2002).

Devido a complexidade morfologica e fisiologica do T. cruzi, poucas
drogas sao utilizadas para o tratamento da doenca de Chagas. Além disso, elas sdo pouco
eficientes e altamente toxicas para o hospedeiro. A busca de vacinas ainda se baseia em
descobertas futuras sobre a antigenicidade apresentada pelo parasita e o controle
epidemioldgico esbarra nas condigdes socio-econdmica dos paises latino-americanos.

Algumas diferengas existentes no metabolismo de mamiferos e T. cruzi sdo
estudadas com o intuito de descobrir possiveis alvos quimioterdpicos. Atualmente os alvos
mais promissores sdo enzimas que atuam nas vias de producdo ou degradag¢do de radicais
superoxidos, metabolismo de purinas, inibicdo da sintese de ergosterol, cadeia respiratoria,
cruzipaina e enzimas da via glicolitica, entre outros (Maya e cols., 2007).

No Brasil, a tnica droga disponivel para tratamento da doenga de Chagas ¢
o benzonidazol (Roche), que ndo ¢ eficaz na fase cronica da doenca, porém pode levar a cura
se o tratamento for iniciado logo apods a infec¢do. Por causa da toxicidade desse composto,
varios outros estudos sdo realizados com drogas sintéticas na tentativa de encontrar um
composto efetivo contra o parasita (Bernacchi e cols., 2003; Menna-Barreto e cols., 2005;
Silva e cols., 2006). Nos ultimos anos, entretanto, a busca por extratos e compostos naturais
de acdo tripanocida tem aumentado, principalmente pela vantagem de mostrar eficiéncia e
baixa ou nenhuma citotoxicidade (Nagafuji e cols., 2004; Luize e cols., 2006; Siilsen e cols.,

2006).

1.2 PROTEASES DE PARASITAS

As proteases sdo enzimas essenciais para o desenvolvimento dos
organismos e podem ser encontradas desde virus até vertebrados. Uma classificacdo usual das

enzimas proteoliticas ¢ sua nomenclatura segundo seu sitio catalitico. Desta maneira, elas
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podem ser divididas em serina, treonina, aspartato, metalo e cisteina proteases. Cada tipo
enzimatico apresenta diferenga estrutural e funcional, além disso, sua localizacao na célula
também determina a importancia da mesma nas varias fases da vida do organismo (Sajid &
McKerrow, 2002).

Entre todas as proteases expressas pelo parasita, a mais abundante pertence
ao grupo das cisteina proteases. Apos anos de estudos com diversos grupos enzimaticos, o
interesse nas cisteina proteases tem aumentado a cada ano, principalmente em pesquisas
envolvendo parasitas (McKerrow e cols., 1999). Esse crescente interesse se deve ao
reconhecimento de que elas tém papel fundamental no ciclo de vida ou patogenicidade desses
organismos. Associadas a tudo isso, as cisteina proteases derivadas de parasitas, se mostram
pecas chaves nos processos de evasdo do sistema imunoldgico, ativagdo enzimatica,
viruléncia, invasdo celular e tecidual, bem como excistamento/encistamento, incubagdo e
mudangas morfoldgicas (Sajid & McKerrow, 2002).

A principal cisteina protease do parasita T. cruzi ¢ denominada cruzipaina
(Cazzulo e cols., 1989). Caracterizada como uma glicoproteina (GP 57/51), esta protease
exibe especificidade de substrato semelhante a catepsina-L e pertence a familia papaina de
cisteina proteases (Cazzulo e cols., 1997). A enzima ¢ expressa com uma pro-seqiiéncia tipica,
um dominio catalitico e uma extensdo C-terminal incomum contendo cerca de 100-130
aminoacidos, similarmente encontrados em cisteina proteases de T. brucei (Mottram e cols.,
1989) e Leishmania (Souza e cols., 1992). As cruzipainas sao codificadas por multiplos genes
polimorficos e compreendem um amplo grupo de isoformas, cuja expressdo ¢ regulada
durante a morfogénese do parasita e podem estar presentes tanto no interior celular, quanto
ligado a membrana plasmatica (Campetella e cols., 1992; Cazzulo, 2002).

Devido a importancia dessas proteases, estas vém sendo estudadas como
possiveis alvos de novas drogas, que tanto poderiam agir como quimioprofilaticas ou
quimioterapicas, além do desenvolvimento de vacinas devido a sua alta antigenicidade. A
cruzipaina ¢ um antigeno imunodominante na doenca de Chagas crOnica e também possui
papel importante na interagao parasita-hospedeiro (Cazzulo, 2002).

Alexander e cols. (1998) utilizaram cepas de Leishmania mexicana
mutantes para trés genes de cisteina proteases e realizaram ensaios in vivo. Nesse estudo foi
observada uma altera¢do da resposta imunologica, de Th2 nos animais infectados com a cepa
selvagem para Thl nos infectados com cepas mutantes. As Cepas mutantes também se
mostraram menos infectivas, provocando lesdes menores, e¢ os animais vacinados

apresentaram resisténcia em diferentes graus quando desafiados com L. mexicana selvagem.
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Em outros estudos com protozoarios parasitas, Engel e cols. (1998)
realizaram testes com inibidores de cisteina proteases em infec¢do experimental com T. cruzi,
conseguindo alcancgar a cura dos animais tratados. No mesmo trabalho também foi verificado
a interrupcdo do ciclo celular das formas amastigotas, sem nenhuma alteracdo das células
hospedeiras. Testes com inibidor natural endégeno foram desenvolvidos por Santos e cols.
(2005), que estudaram o efeito da chagasina, um inibidor natural de cisteina proteases, sobre a
diferenciagdo T. cruzi e sua infectividade em células de mamiferos, mostrando que a

cruzipaina ¢ essencial nos dois processos.

1.3 COMPOSTOS NATURAIS

As plantas sdo utilizadas desde os primordios da civilizagdo humana para
tratamento de males e doengas. Esse conhecimento foi passado entre as geracdes e ainda hoje
persiste na maioria das regides povoadas do globo. Muitas drogas utilizadas atualmente foram
isoladas de plantas, mas considerando a grande biodiversidade e o pouco que foi estudado até
hoje, este se mostra um campo ainda promissor de estudos que podem levar a novas
descobertas, principalmente em regides tropicais.

As plantas sdo capazes de sintetizar uma grande variedade de compostos
organicos de baixo peso molecular, conhecidos como metabdlitos secundérios. O
metabolismo secundario tem como fungao originar compostos que auxiliem as plantas durante
o seu desenvolvimento. Tais metabolitos ndo sdo considerados essenciais para o
desenvolvimento normal da planta, porém oferecem vantagens na sobrevivéncia da espécie.
Atualmente existem mais de cem mil compostos de metabolismo secundério conhecidos e ja
isolados de plantas superiores. Além da funcao exercida na planta, também podem apresentar
atividades biologicas interessantes quando aplicados na area farmacéutica, em inseticidas,
antimicrobianos, corantes, fragrancias e também na industria alimenticia (Goossens e cols.,
2003).

Os terpenodides, também conhecidos como terpenos, ocorrem em todas as
plantas e compdem a maior classe de metabolitos secundarios. Existem mais de 20.000
compostos terpenodides descritos, os quais exercem fungdes fisiologicas, metabolicas e
estruturais importantes (Connolly & Hill, 1991). Uma tnica planta pode sintetizar muitos

terpenos diferentes, em partes distintas do organismo e em épocas diferentes, para uma grande
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diversidade de propdsitos ao longo de seu desenvolvimento. Dentre esses se encontram
pigmentos fotossintéticos (fitol, carotendides), hormonios (giberelinas, acido abscisico),
carreadores de elétrons (ubiquinona, plastoquinona), componentes de membrana (fitosterdis),
além de antimicrobianos e toxinas contra outras plantas e herbivoros (McGarvey & Croteau,
1995).

O terpendide mais simples ¢ o hidrocarboneto isopreno (CsHg). Todos os
terpenodides podem ser classificados de acordo com o seu niimero de unidades de isopreno.
Eles sdao formados a partir de reagdes que envolvem ligagdes de varias subunidades, oxidagao,
reducdo, isomerizagdo, e outras transformacdes especificas de cada composto. As categorias
mais bem conhecidas de terpendides sdao os monoterpendides (duas unidades de isopreno), os
sesquiterpendides (3 unidades) e os diterpendides (quatro unidades) (Raven e cols., 2001).

Tanacetum parthenium é uma planta medicinal nativa do sudeste europeu e
Asia menor. Apesar de sua origem européia, encontra-se bem estabelecida na América do
Norte e do Sul e no nordeste da Africa (Brown e cols., 1999). T. parthenium pertence a
familia Asteraceae (Compositae), segunda maior familia de angiospermas, na qual ja foram
descritas mais de 500 sesquiterpeno-lactonas distintas entre suas espécies (Sessa e cols.,
2000). As flores e principalmente as folhas sdo muito utilizadas popularmente, por via oral e
local, para tratamento de febre, enxaqueca e inflamagoes.

O extrato da planta T. parthenium pode ser fracionado e permite o
isolamento de substancias purificadas. A substdncia mais ativa e ao qual se credita a
propriedade medicinal da planta ¢ conhecido como partenolideo. O partenolideo (Figura 1),
um sesquiterpeno-lactona, contém um anel o-metileno-y-lactona altamente eletrofilico,
responsavel pela resposta antinflamatoria (Kwok e cols., 2001), e um residuo epoxido capaz
de interagir rapidamente com sitios nucleofilicos de moléculas biologicas (Macias e cols.,

1999).
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Figura 1 — Estrutura quimica do sesquiterpeno lactona (4a,5p-ep-
oxy-germacra-1-(10),11-(13)-dien-12,6a-olide
(partenolideo) isolado de T. parthenium.

O complexo NF«kB (fator nuclear kappa B) contém cinco proteinas que
formam dimeros e regulam a transcricdo de varios genes incluindo citocinas, moléculas de
adesdo celular, proteinas antiproliferativas c-myc e ciclina D1 e inibidores de apoptose (Chen
e cols., 2004). Inibidores da via NFkB se mostram promissores como anti-cancer ¢ anti-
inflamatério, como o composto partenolideo (Riggins e cols., 2005).

O partenolideo tem sido estudado em vérias areas e as pesquisas
apresentam resultados otimistas. Guzman e cols. (2005) avaliaram a atividade do composto
em leucemia mieldide cronica e aguda, e relataram a inducdo de apoptose nas células
cancerigenas, poupando as células hematopoiéticas normais. O tratamento preventivo contra
cancer de pele também foi apresentado por Won e cols. (2004). Esses autores mostraram que
o partenolideo foi capaz de reduzir a taxa de cancer de pele provocado por radiagdo
ultravioleta tipo B (UVB) tanto in vitro como in vivo. Outra pesquisa in vivo realizada por
Sheehan e cols. (2002) relataram que o tratamento com partenolideo melhorou distarbios
cardiovasculares e choques endotdxicos em roedores, também foi capaz de reduzir o dano
renal induzido pela cisplatina (Francescato e cols., 2007).

Além das propriedades ja citadas, o partenolideo tem apresentado atividade
antimicrobiana de grande relevancia principalmente para doengas parasitarias. Tiuman e cols.
(2005) estudaram a atividade contra Leishmania e verificaram que o composto foi capaz de
inibir a proliferagcdo do parasita e reduzir a sobrevivéncia das formas intracelulares, ambos em
concentragdes baixas, sem apresentar toxicidade as células hospedeiras.

Todas as propriedades medicinais relatadas para as substancias naturais

tém como base os mecanismos de sinalizacdo intracelular e o controle da expressao génica
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das células envolvidas, sejam estas as células do proprio hospedeiro ou parasitas. No trabalho
publicado por Kwok e cols. (2001) o partenolideo foi responsavel por se ligar e inibir a IkB
kinase B (inibidor kappa B kinase beta), a subunidade conhecida por ter um papel importante
na sinalizagdo mediada por citocinas. Smolinski & Pestka (2005) realizaram experimentos in
vivo mostrando que o partenolideo reduz a expressdo génica de interleucinas (IL-6 e IL-1P),
fator de necrose tumoral (TNF-a) e a enzima ciclooxigenase (COX-2) em 6rgaos como bago e
figado, moléculas responsaveis pela resposta inflamatoria.

As pesquisas com substancias naturais isoladas de plantas tendem a
aumentar considerando a grande diversidade de plantas existente e a necessidade de
descoberta de novas drogas. Para isso, se faz necessario a realizacdo de testes dessas novas
substancias em diferentes microrganismos patogénicos e doengas, ja que o efeito obtido em

cada modelo ndo ¢ o mesmo e inicialmente pouco se sabe sobre o local de atuagao da droga.
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Mostrar o efeito dos extratos brutos, fracdes e substancia purificada
partenolideo obtidas da planta Tanacetum parthenium sobre formas

epimastigotas de T. cruzi;

Verificar o efeito do partenolideo na viabilidade de formas amastigotas e

tripomastigotas de T. cruzi;

Avaliar a citotoxicidade dos extratos, fracdes e partenolideo em

eritrocitos e células de linhagem de mamiferos;

Testar a atividade do partenolideo na interagdo parasita-hospedeiro;

Visualizar as alteracdes morfologicas e ultraestruturais de T. cruzi

causadas pelo partenolideo nas formas epimastigota, amastigota e

tripomastigota;
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ABSTRACT

This study reports the activity of the crude plant extracts, fractions, and isolated
compound parthenolide obtained of aerial parts from Tanacetum parthenium on epimastigote
forms of Trypanosoma cruzi. Feverfew (T. parthenium) is a traditional herbal medicine that
has been used for the treatment of migraine, fever, and arthritis in Asia and Europe. This
study included the extraction process and bioassay-guided fractionation by the adsorption
chromatography method. A progressive increase in the antitrypanosomal effect was observed
in the course of the purification process. Activity against epimastigote forms have been
observed for the crude extracts (ICspon = 3.0 — 280 pg/ml), fractions (ICsp6n = 2.1 — 79.0
ug/ml), and parthenolide (ICsopo6n = 0.5 pg/ml). In addition, toxicity of the active crude
extracts, fractions, and parthenolide were evaluated on sheep blood cells and monkey Rhesus
kidney cells. The citotoxic concentrations in LLCMK, cells were observed (CCsggen = 3.2 —
432.5 png/ml) as well as the haemolysis (ECspon = 240 - 700 pg/ml). The selectivity index
(CCs0/ICs) for the crude extracts were in the range of 1.5 — 12.6, for the fractions 0.9 — 80.9,
and for parthenolide 6.4. The trypanocidal activity of the T. parthenium is reported here for

the first time.

Keywords: Trypanosoma cruzi. Tanacetum parthenium. Ttrypanocidal activity. Crude

extracts. Epimastigotes.



30

INTRODUCTION

Tanacetum parthenium (Asteraceae), popularly known as feverfew, is a traditional
herbal medicine that has been used for the treatment of fever, migraine, and arthritis in Asia
and Europe for centuries (Won et al. 2004). In Brazil, this plant is available commercially in
capsules (Tanaceto) for the prophylatic treatment of migraine. Its effects have been attributed
to the plant content of sesquiterpene lactones, notably parthenolide. The crude extracts of this
herb are known for their antimicrobial and anti-inflammatory properties (Martindale 1999;
Tiuman et al. 2005a). Parthenolide has been studied for its ability to inhibit IxB kinase, which
is important in cytokine-mediated signaling (Kwok et al. 2001). The compound is also known
for inducing apoptosis and metastasis reduction in carcinoma cells (Ralstin et al. 2006) and
showed activity antiparasitic against Leishmania amazonensis (Tiuman et al. 2005b).

The protozoan parasite Trypanosoma cruzi is the etiologic agent of Chagas’ disease. It
has a high prevalence in Latin America that affects about 18 million people and 100 million
people live in risky areas (WHO, 2000). Its treatment is still a challenge, since the only two
available drugs, nifurtimox and benznidazole, present severe side effects (De Castro, 1993).
As a consequence, few people keep the long treatment and most of them give it up because of
side effects. Treatment options for T. cruzi infections are suboptimal due to the toxicities and
limited effectiveness of the available drugs. From the beginning of 1990s and with the revival
of the phytotherapy, biological researches about antiprotozoal effects of plants have been in
progress. Natural compounds of medicinal plants have presented lower toxicity regarding a
higher specificity, creating an optimistic perspective about new treatments for diseases
(Cowan 1999; Luize et al. 2006).

Several studies of crude plant extracts have already been done to find out plants with

potencial compounds to treat Chagas' disease. For example: methanol, ethyl acetate, and
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hexane crude extracts of some Colombian plants of Annonaceae family (Osorio et al. 2007)
were effective against epimastigote forms at concentrations below 25 ug/ml. Siilsen et al.
(2006) studied Argentine medicinal plants and found the organic and aqueous extracts active
against T. cruzi with growth inhibition higher than 70% at concentration of 100 pg/ml.
Extracts of Chinese and Mediterranean plants presented epimastigote growth inhibition from
20 to 100% when tested at 250 ug/ml (Schinella et al. 2002). As important as in-vitro studies,
experiments in-vivo also have been made with different plant extracts and isolated compounds
for evaluating their effect in host organisms (Bizimana et al. 2006; Ferreira et al. 2007).

Our objective was to determine the antiprotozoal activity of crude extract, fractions,
and isolated compound parthenolide obtained from T. parthenium against epimastigote forms
of T. cruzi. This trypanocidal activity of the T. parthenium is reported here for the first time.
The cytotoxic activity against sheep blood cells and monkey Rhesus kidney cells was also

determined.
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MATERIALS AND METHODS

Plant material: Aerial parts dried of T. parthenium (Lot 166871) was kindly furnished by the

Herbarium Laboratério Botanico Ltda (Colombo, Parana, Brazil).

Extraction, fractionation, and identification of the compound: An amount of 1,000 g of
plant material was sequentially extracted by exhaustive maceration in 10 liters ethanol:water
(9:1) at room temperature in the dark. The supernatants were filtered, concentrated by rotary
evaporator at approximately 40 °C, and lyophilised. The powder resulting from lyophilisation
process, soluble in water, was termed the aqueous crude extract (WCE), and the residue was
dissolved in ethanol or ethyl-acetate and was named according to the solvent used. The
aqueous (WCE), ethanolic (ACE), and ethyl-acetate (ECE) crude extracts were assayed for
their activity against epimastigote forms of T. cruzi. Subsequently, the ethanolic crude extract
was chromatographed on a silica-gel 60 column (70-230 mesh - Merck®™) using hexane,
dichloromethane, ethyl-acetate, and methanol. Each fraction (hexane, HF; dichloromethane,
DF; ethyl-acetate, EF; methanol, MF) was tested for antiprotozoal activity. The hexane and
dichloromethane fractions were sub fractionated and resulted in isolation of a pure compound
that was identified like sesquiterpene lactone, 4,5-epoxy—germacra—1-(10),11(13)—dien-12,6-
olide (parthenolide) by chromatography-mass spectrometry (Micromass Quattro LC); nuclear
magnetic resonance (NMR; Gemini 2000 BB; Varian), 1H NMR (300 MHz), and 13C NMR
(75.5 MHz) analyses in CDCI3; infrared analysis (Bomem-MV 100; Hartmann & Braun-

Michelson); and UV analysis (CARY 1E UV-Vis; Varian).
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Parasite and culture procedure: The epimastigote forms of T. cruzi Y strain were
maintained at 28 °C by weekly transfers in liver infusion tryptose (LIT) medium (Camargo,

1964) supplemented with 10% heat-inactivated fetal bovine serum (FBS).

Antitrypanosomal activity: Stock solutions of the crude plant extracts, fractions, and
parthenolide were prepared in dimethylsulfoxide (DMSO), which final concentration in the
assay did not exceed 1.0%. For the assay, parasites were harvested during the exponential
phase of growth, resuspended in LIT and plated in 24-well plates at 1 x 10° cells/ml. In each
well were included different concentrations of crude plant extracts (1 pg/ml up to 1,000
ug/ml), fractions (1 pg/ml up to 100 pg/ml) or parthenolide (I pg/ml up to 10 pg/ml) and
incubated for 96 h at 28 °C. Cell density was performed by counting of parasites in a
hemacytometer (Improved Double Neubauer) with a light microscope Olympus CX 31.
Benznidazole (N-benzyl-2-nitro-1-imidazolacetamide - Roche Pharmaceuticals, Rio de
Janeiro, Brazil) was used as the reference drug. All assays were carried out twice in duplicate

on different occasions.

Cytotoxicity assay: The cytotoxic effect was evaluated against LLCMK, (monkey Rhesus
kidney cells, Macaca mulatta) line cells in 96-well plates. A suspension of 2.5 x 10* cells was
added to each well and then were grown as monolayers for 24 h at 37 °C in 5%-CO, air
mixture. After this period, different concentrations of crude extracts, fractions, or parthenolide
were added to the wells and the plate was incubated for 96 h under the same conditions above.
The cells were fixed in 10% of trichloracetic acid at 4 °C for an hour, washed five times with
distilled water and let to dry at room temperature. A solution of sulforhodamine B 0.4% (in
acetic acid 1%) was added to each well and the plate was kept protected from light for 30 min

at 4 °C. The wells were washed four times with 1% of acetic acid and an aliquot of 150 pul of
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Tris-base 10 mM was added and homogenized for 15 min. The absorbance was read at 530
nm in microplate spectrophotometer (Bio Tek — Power Wave XS). Data were calculated as the
percentage of inhibition. The concentration of 50% cellular toxicity (CCsy) was defined as the

concentration which reduces the ODs3 of treated cells to 50% of that of untreated cells.

Haemolytic assay: This experiment also evaluated the cytotoxicity of T. parthenium. A 4%
suspension of freshly defibrinised sheep blood was prepared by adding blood to sterile 5%
glucose solution. One mililiter of red blood cell suspension was added to each test tube, and
different concentrations of crude plant extracts, fractions, and Amphotericin B (AMPB), a
reference drug, which may cause anaemia were added, gently mixed, and incubated at 37° C
for 120 min. Samples were centrifuged at 1,000 X g for 10 min. Absorbance of the
supernatant was determined at 540 nm. The haemolysis was calculated according to the
equation: Haemolysis (%) = 100 — [(Ap-As)/(Ap-Ac) X 100]; where Ap, As and Ac are the
absorbance of the positive control, test sample and negative control, respectively. The
negative control was the red-blood-cell suspension alone or with 1.0% DMSO, and the
positive control was red blood cells lysed with Triton X-100. These tests were performed in

duplicate on separate occasions.

Statistical analyses: Statistical analyses was performed with the program GraphPad Prism 4
(GraphPad Software, San Diego, CA, U.S.A.). Student's t test was applied and a p-value less

than 0.05 was regarded as significant.
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RESULTS AND DISCUSSION

The compound isolated of the hexane and dichloromethane fractions of T. parthenium
was identified as 4,5-epoxy—germacra—1-(10),11(13)—dien-12.6-olide (parthenolide). The 'H-,
BC-NMR spectral data analyses in CDCI3; infrared and UV analysis were identical to those
of published values by Tiuman et al., 2005b.

The effects the crude plant extracts in epimastigote forms of T. cruzi Y strain are
presented in Figure 1A. At 1,000 pg/ml all of crude extracts showed similar effect, inhibiting
more than 90% of the parasites growth. At low concentrations, ACE was the most effective
extract that inhibited the parasites growth with 32 and 68.5 % of inhibition, at 1 and 10 pg/ml,
respectively. At the same concentrations, no significant activity was obtained with polar crude
plant extracts (ECE and WCE). The ICsg96n (50% inhibitory concentration after 96 h of
incubation) values for ACE, ECE, and WCE crude plant extracts were 3.0; 50.0, and 280.0
ug/ml, respectively. The results obtained with fractions are presented in Figure 1B. The apolar
fractions, HF and DF showed a very strong activity against the parasites proliferation similar
to benznidazole (BZ), drug used as reference. On the other hand, polar fractions (EF and MF)
showed no significant effect on epimastigote forms of T. cruzi. The I1Csq96n calculated for both
HF and DF fractions were 2.1 pg/ml, and for EF and MF was 79.0 and 40.0 pg/ml,
respectively. Figure 1C shows the effect of purified compound parthenolide and benznidazole
in the growth of epimastigote forms. The ICsg6n concentration for the parthenolide was 0.5
ng/ml while that for BZ was 1.8 pg/ml. Significant differences were obtained from statistical
analyses with t-Student test (p < 0.05), confirming the efficacy of parthenolide.

A progressive increase in the antitrypanosomal effect was observed in the course of
the purification process. Bioassay-guided fractionation led us to hexane and dichloromethane

fractions which showed the best activity against epimastigote forms of T. cruzi Y strain. The
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sesquiterpene parthenolide showed to be almost four times more effective against epimatigote
forms than the reference drug benznidazole which is in accordance with previous works
where sesquiterpenes have showed interesting antiparasitic properties (Kayser et al. 2003).
Sesquiterpene lactones isolated from different plant species have showed in vitro activity
against T. cruzi (Brengio et al. 2000; Jimenez-Ortiz et al. 2005).

The 50% citotoxic concentration after 96 h of incubation (CCsggepn) of crude extracts,
fractions, and parthenolide in LLMCK, cells is shown in Table 1. The lowest citotoxicity was
observed for WCE, with CCsgen of 432.5 pg/ml, while ECE was similar to MF fraction,
showed a CCsggen of 265.0 ng/ml. ACE and DF were more toxic to the cells with values of
38.0 and 14.5 pg/ml, respectively. Intermediary citotoxicity was observed for HF (170.0
ug/ml) and EF (74.0 pg/ml) fractions. The CCsypoen determined for parthenolide was 3.2
ug/ml. The fraction HF showed to have a selectivity index of 80.9 and ACE, 12.6. EF and
WCE had index below 2. ECE, DF, MF, and parthenolide had their IS determined in 5.3,
6.9, 6.6 and 6.4, respectively.

ACE crude extract and DF fraction at 500 pg/ml cause 93% and 11% of haemolysis,
respectively. ECson (50% effective concentration after 2 h of incubation) calculated for ACE
and DF was 240 and 700 pg/ml, respectively. Parthenolide and benznidazole did not cause
any lysis of erythrocytes in concentration below of 100 pg/ml. Cells treated with AMPB at
8.4 ng/ml showed 50% lysis, while at 100 pg/ml showed 90.5% lysis (Figure 2). The red-
blood-cell control with or without 1.0% DMSO did not show haemolysis and positive control
Triton X-100 showed 100 % haemolysis.

Water crude extract had the lowest citotoxicity against LLCMK; cells but showed a
very low selective index. The best selectivity was obtained by hexane fraction and the
haemolytic effect of dichloromethane was smaller than those of crude plant extracts.

Dichloromethane, methanol, and hydroalcoholic crude extracts, together with purified
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compounds obtained from Lychnophora pohlii were tested against T. cruzi. The sesquiterpene
lactones presented the best activity and Goyazensolide showed the lowest ICsy value, 15.8
ug/ml (Grael et al. 2005). Contrary to our study, those sesquiterpene lactones presented a

strong haemolytic activity which is not observed for parthenolide.
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CONCLUSION

Natural products present a good potencial for the discovery of new agents to combat
tropical diseases such as Chagas disease. In this study the biological effect of T. parthenium
on epimastigote forms of T. cruzi Y strain was reported. Extracts could result in potential
sources of lead compounds for the development of more effective drugs for the treatment of
Chagas disease. Bioguided fractionation of T. parthenium resulted in the isolation of pure
parthenolide with trypanocidal activity. This activity represents an exciting advance in the
search for new antiprotozoal agents from natural sources but further in vitro and in vivo

studies are necessary to confirm these results.
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Table 1 — Citotoxicity, growth inhibition and selectivity index of the crude
extracts, fractions, and isolated compound parthenolide of

Tanacetum parthenium.

Drugs CCs0/96h ICs0/96h IS
(ug/ml) (ng/ml)

ACE 38.0 3.0 12.6
ECE 265.0 50.0 5.3
WCE 432.5 280.0 1.5
DF 14.5 2.1 6.9

HF 170.0 2.1 80.9

EF 74.0 79.0 0.9

MF 265.0 40.0 6.6
Parthenolide 3.2 0.5 6.4

IS = CC50/IC50
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Figure 1. Effects of Tanacetum parthenium in epimastigote forms of Trypanosoma
cruzi cultured for 96 h in the presence of the indicated concentrations. (A) Crude
extracts (WCE, ACE, and ECE); (B) fractions (HF, DF, EF, and MF); (C)
Parthenolide and Benznidazole. The results are from two experiments in duplicate and
are shown as percentages + standard deviations of growth inhibition in relation to
control untreated protozoan. * Statistical difference (p< 0.05)
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Figure 2. Haemolytic properties of ethyl-acetate crude extract (ACE),
dichloromethane fraction (DF), and parthenolide obtained from aerial parts of
Tanacetum parthenium. Amphotericin B (AMPB) was included in the assay as
a reference drug.
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ABSTRACT

American trypanosomiasis is an endemic disease present in Latin American countries.
An efficient treatment of the chronic patients was not developed yet due to the difficulty of
finding an active drug against the intracellular form of the parasite. Besides the studies with
synthetic drugs, the search for natural compounds with trypanocidal effect is growing. In this
study, we evaluated the activity of the natural compound parthenolide against Trypanosoma
cruzi, the etiological agent of Chagas disease. Epimastigote, amastigote, and trypomastigote
forms were treated and the viability and morphological and ultrastructural alterations were
verified. The viability of amastigotes was determined at 37°C and the results showed that 50%
and 90% effective concentration after 24 h of treatment (ECsg4n and ECogp4n) were 2.2 and
6.8 pg/ml respectively. For trypomastigotes, both temperatures of 4 °C and 37 °C kept the
percentage of viable cells around 65% until the maximum concentration tested. The
internalization index of T. cruzi in LLCMK, cells after 96 h of treatment was reduced around
51% at the concentration of 2 pg/ml and 96.6% at 4 pg/ml. The ultraestructural analysis by
transmission electron microscopy showed alterations mainly in reservosomes, nucleus,
mitochondrion, vacuoles formation, and organization of internal membranes. Scannning
electron microscopy permitted the visualization morphologic modifications in both replicative

forms of the parasite.

Keywords: Trypanosoma cruzi. Parthenolide. Trypanocidal activity. Host-cell interaction.
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INTRODUCTION

Chagas disease, the most important endemic disease in Latin America, is responsible
for approximately 21,000 deaths and 200,000 new cases per year (WHO, 2002). The drugs
available for the treatment present serious toxic side effects and do not guarantee the cure
during the chronic phase (Castro et al. 2006; Maya et al. 2007). The researches for finding
new antimicrobial drugs have grown the last decades and the plants biodiversity is promising
in providing effective compounds with low toxicity (Kayser et al. 2003; Cowan, 1999).

Terpenoid compounds are the largest group of plant secondary metabolites. They are
produced by plants for different purposes and when used by pharmaceutical industries can
show good results against diseases and physiological dysfunctions (Aharoni et al. 2006).
Parthenolide is a sesquiterpene lactone isolated from the medicinal plant Tanacetum
parthenium, popularly known as feverfew. This compound is the main responsible for the
medicinal effects of the plant, used by population in cases of fever, migraine, and arthritis
since ancient times (Won et al. 2004). Parthenolide has been studied for presenting activity
against cancer cells, being able to induce apoptosis and reduce cell proliferation. It can also
show efficient results in inflammation processes, inhibiting a signaling pathway. The
antiprotozoal activity was evaluated against Leishmania showing good results and adding
parthenolide to the list of promising antiparasitic drugs (Riggins et al. 2005; Tiuman et al.
2005; Francescato et al. 2007). Early, a previous study with parthenolide indicated that this
drug is able to inhibit the growth of epimastigote forms of T. cruzi in 50% at the concentration
of 0.5 pg/ml and 90% at 1.25 pg/ml, after 96 h of incubation.

Our objective was to evaluate the viability of amastigote and trypomastigote forms and
verified the morphologic and ultraestructural alterations of T. cruzi treated with parthenolide.

It was also reported its effect on the interaction of the parasite with the host cells.
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MATERIALS AND METHODS

Purified compound. Parthenolide (Sigma Chemical Co, St. Louis, MO, USA) was prepared
in a stock solution of 1,000 pg/ml in phosphate saline buffer (PBS) with 10% of

dimethylsulfoxide (DMSO — Sigma). The stock solution was kept at -20 °C.

Activity against trypomastigote forms. Trypomastigotes were obtained from cell line
culture. Monkey Rhesus kidney cells (LLCMK,) were infected with 1 x 10" parasites and
after a period of 5 days, the parasites were harvested from the supernatant. In 96-wells plate,
they were inoculated in Dulbecco’s Modified Eagle medium (DMEM; Gibco, Grand Island,
NY, USA) plus 10% of mouse blood and fetal bovine serum (FBS). Parthenolide was added
at different concentrations, from 1 to 20 ug/ml, and the plates were incubated at 4 °C and 37
°C during 24 h. Crystal violet was added as positive control drug at the concentration of 250
ug/ml. The viability was determined by counting mobile parasites by Pizzi-Brener method

(Brener, 1962) in an optic microscope slide.

Activity against amastigote forms. Amastigotes were obtained from lysis of the infected
LLCMK,; cell lines and harvested from the supernatant. Experiments were made in 96-wells
plate. The amastigotes were inoculated in DMEM medium at a concentration of 1 x 10’
parasites/ml supplemented with 10% of FBS. Parthenolide was added at different
concentrations, from 1 to 20 pg/ml, and the plates were incubated at 4 °C and 37 °C during 24
h. Crystal violet was also added as a positive control drug at the concentration of 250 pg/ml.
Viable and unviable amastigotes were determined by counting in a hemacytometer (Improved

Double Neubauer) with a light microscope, after the addition of 0.4% of erythrosine B.
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Interaction with host cells. In a 24-wells plate, 2.5 x 10° cells/ml (LLCMKS) were plated on
round cover slips with DMEM medium, supplemented with 10% of FBS. The plate was
incubated for 24 h at 37°C 5% CO, for growing of a monolayer. Trypomastigotes were added
to the wells at a concentration of 20 parasites per cell and incubated for 24 h. After this
period, the wells were washed three times with PBS for removing the non internalized
parasites. Cells were then incubated for a maximum period of 96 h with parthenolide at 2 and
4 ng/ml. Control and treated cells were fixed after 48, 72, and 96 h with methanol, stained
with Giemsa and the cover slips were permanent prepared with Entellan”. The internalization
index (number of infected cells x mean of amastigotes per cell) was determined by counting

of 200 cells in a light microscope.

Scanning electron microscopy. After the treatments, epimastigote and amastigote forms
were washed with 0.01 M PBS and fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer for 2 h. The parasites were washed three times in 0.1 M sodium cacodylate buffer,
placed on the poli-L-lisin-coated coverslip, dehydratated in different concentrations of
ethanol, critical point-dried in CO,, sputter-coated with gold, and observed in a Shimadzu SS-

550 scanning electron microscope.

Transmission electron microscopy. After treatment with parthenolide (ICsg 96 = 0.5 pg/ml
and 1Cyp 96n = 1.25 pg/ml), epimastigote forms were washed in 0.01 M phosphate-buffered
saline and fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer. The cells were
postfixed in a solution containing 1% osmium tetroxide and 0.8% potassium ferrocyanide in
0.1 M cacodylate buffer, washed in the same buffer, dehydrated in different concentrations of

acetone, and embedded gradually in Epon resin, which was incubated for polymerization at 60
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°C for 72 h. Thin sections were stained with uranyl acetate and lead citrate, and examined in a

Zeiss 900 transmission electron microscope.

Statistical analyses. Statistical analyses were performed with the program GraphPad Prism 4
(GraphPad Software, San Diego, CA, U.S.A.). The tests included Student's t test, and Tukey

test (one-way ANOVA). A p-value less than 0.05 was regarded as significant.
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RESULTS

Activity in trypomastigote forms. The activity of the parthenolide in viability of
trypomastigote forms was similar at 4 °C and 37 °C. The concentrations from 2.5 to 20 pg/ml
kept the viability between 55-65%, without significant differences among them (Figure 1A).
The treatment with crystal violet at the concentration of 250 pg/ml, the control drug, showed

no viable parasite after 24 h, for both temperatures (data not shown).

Activity in amastigote forms. Parthenolide had a good effectiveness at 37 °C which the
effective concentration of 50% (ECsp) was obtained at 2.2 ng/ml and 90% (ECqg) was verified
at 6.8 pg/ml, after 24 h. The percentage of viable cells were decreasing from 77% at 1 pg/ml
until 4% at 10 pg/ml. Above this value, less than 1% of viability was observed. At 4 °C,
parthenolide was effective against 39% of amastigotes, at the maximum concentration tested,

20 pg/ml (Figure 1B).

Interaction with host cells. The effect of the drug over the intracellular amastigotes was
observed during 96 h of incubation. At the first time analyzed, 48 h, the internalization index
was calculated in 394 for 2 ug/ml and 40 for 4 ug/ml of parthenolide, which represents a
decrease of 36% and 93%, compared to the control (621). At 72 h, the index was 465 and 47,
for treated with 2 and 4 pg/ml, respectively, while the control was determined in 1164. For
the maximum time studied, 96 h, the internalization index was 1081 for the control, 528.5,
and 36.5 for the treated with 2 and 4 pg/ml, corresponding to 51% and 96.6% of decrease,

respectively (Figure 2A and 2B).
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Scanning electron microscopy. Morphological alterations of epimastigote and amastigote
cells treated with parthenolide were visualized by scanning electron microscopy. In
epimastigotes, the ICsy (0.5 pg/ml) caused mainly distortion of the parasite body, swelling and
flattering (Figure 3A). Parthenolide at the concentration of 1.25 pg/ml (ICq) caused decrease
of the cell length and the shape of the cell body was severely. Amastigotes treated with 2.2
ug/ml (ECsyp) of parthenolide showed surface deformed and elongated structures at the
posterior part of the cell. It was not detected in many cells treated the presence of the flagella

tip, which usually appears on the controls at the entrance of the flagellar pocket (Figure 3B).

Transmission electron microscopy. In epimastigote forms, parthenolide 1Cso96n and ICog/96h
caused alterations in organelles like nucleus, reservosomes, mitochondrion, vacuoles and
disposition of internal membranes (Figure 4). Several cells treated with 0.5 pg/ml presented
two and three nucleus, also an increase of numbers of reservosomes and formation of
membranes around them. At 1.25 pg/ml, no normal cell was observed, and it was detected an
effect of swelling in mitochondrion, specially visualized in the kinetoplast, and distortion of
internal membranes, together with an excess of vacuoles. Some concentric structures appeared

at the anterior part of the cell in both treatments.
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DISCUSSION AND CONCLUSION

Plants have always been used by mankind since ancient times for many purposes. The
popular medicine derived from plants still represents the main medical support found in
populations in many countries in developments. Following the medicinal properties of those
plants, it’s possible to investigate and find new drugs that could result in better treatment for
several diseases and physiological dysfunctions. It is necessary a deep analysis of all possible
effects of the new compounds extracted from natural sources, like plants, in order to reach
better and longer health conditions for all.

In our study, parthenolide showed to be more effective on proliferative forms,
epimastigotes and amastigotes. When tested against Leishmania, this sesquiterpene lactone
had a very strong activity over the infective form promastigote, which the ICsy was close to
the found value for epimastigote forms of T. cruzi (Tiuman et al. 2005). The results obtained
from amastigote tests indicate the dependence of the drug action on the temperature of
incubation, since the activity at 4 °C was not as good when at 37 °C. The dependence of
parthenolide on the temperature could infer its activity over enzymes, possibly active in
proliferative forms, which are optimally functional at 37 °C.

The ultrastructure analyses by transmission electron microscopy showed multinuclear
cells, an increase of reservosomes, the swelling of mitochondrion, which could be seen better
in kinetoplast membrane, and internal membranes organization, with the formation of
concentric structures, myelin-like figures. About the number of reservosomes, it could
indicate the activity of parthenolide on cysteine proteinase, as it has been reported previously
for Leishmania (Tiuman et al. 2005). The effect of parthenolide on mitochondrion could
suggest its effectiveness over any structural component found in this organelle, possibly

proteins found in the membranes or enzymes. Glutathione (GSH) is present in cells to avoid
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oxidation of the molecules, especially in mitochondrion and nucleus. Studies with mammalian
cells determinate that the redox state is involved in cell cycle regulation and cell death. GSH,
the main intracellular antioxidant, is important in these processes, its depletion leads to cell
death, and increase inhibits cell proliferation. Parthenolide was reported to have strong
antioxidant activity, increasing the levels of glutathione in mammal cells (Herrera et al.
2005). Internal membranes were detected disrupted, mainly close to the region where is
typically found the Golgi apparatus. It was observed concentric structures, but it was not
possible to affirm that it was due to this organelle disfunction.

The scanning electron microscopy showed severe alterations on the morphology of the
parasites for both replicative forms. Distortion of the cell body was observed for both. In
epimastigotes, it was also visualized the decrease of the body lengh and flagellum. In
amastigotes, it was possible to detect prolonged structures on the posterior part and the visual
absence of the flagellum on the flagellar pocket. The structure and shape of the plasmatic
membrane is determined by microtubules located sub-membrane. It was already verified that
parthenolide exerts in vitro stimulatory activity on tubulin assembly, inducing the formation
of well-organized microtubule polymers (Miglietta et al. 2004). Considering the effect of the
drug on microtubule polymerization, there is a possibility that the alterations visualized by
external observation of the cells can be provoked by this process.

The interaction of T. cruzi with host cells shows the activity of parthenolide on
amastigotes inside and outside of the mammalian cells. The effect of 51% of the reduction of
the internalization index was determined at 2 pg/ml after 96 h. At the concentration of 4
ug/ml, the reduction was even higher, but partial citotoxicity was observed. Parthenolide
showed its effect since the beginning of the treatment keeping the internalization index
constant, around 400-500 and 40 for treated with 2 and 4 pg/ml, respectively, probably

affecting the internal parasite replication.
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Parthenolide was early described for its ethnomedical properties in fever, migraine,
general inflammations and others (Heptinstall et al. 1988). Recently, it has been published
several studies of the compound on different cell types. This is the first report about its
antiprotozoal activity against T. cruzi and the promising results leads to further investigations

of the real effect of the drug on the parasite metabolic pathways.
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Figure 1. Viability of trypomastigote (A) and amastigote (B) forms treated with parthenolide
after 24 h at different temperature.
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Figure 2. Interaction of T. cruzi with host cells. (A) Internalization index from 48 to 96 hours
after treatment with parthenolide. (B) Light microscopy of infected and non-infected cells
after 96 h. Infected control cell, a. Non-infected control cell, b. ICsq treated infected cells, ¢
and d. N, nucleus; A, amastigotes inside cytoplasm. Bars = 10 um.
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Figure 3. Scanning electron microscopy of epimastigotes (A) and amastigotes (B). In
A,Control, a; ICsg treated, b and c. ICy treated, d and e. Bars =2 pmin a, b, ¢c; Bars =1 pm
in d and e. In B, Control, a; ICs, treated, b, ¢ and d. Bars = 500 nm. Flagellar pocket, fp;
Flattered borders, asterisk; Protuberance, arrow; Elongated structure, arrowhead.
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Figure 4. Transmission electron microscopy of epimastigotes. Control, A. Treated ICsy, B, C
and D. ICyy, E and F. Nucleus, N; Kinetoplast, K; Reservosomes, R; Membranes evolving
reservosomes, arrow head; Concentric membranes, arrow; vacuoles, asterisks. Bar = 1 um.
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