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“Se vi mais longe foi por estar de pé
sobre ombros de gigantes”

(Isaac Newton)
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RESUMO

Paises em desenvolvimento, ricos em Dbiodiversidade e com abundantes
conhecimentos tradicionais como no caso do Brasil, ainda apresentam uma alta incidéncia
de doengas como tuberculose, maléria, leishmaniose e doenca de Chagas. A doenca de
Chagas, causada por Trypanosoma cruzi, afeta cerca de 10 milhGes de pessoas nas
Américas. O parasito pode ser transmitido aos humanos por insetos triatomineos, alimentos
contaminados pelas fezes do inseto, transfusdo de sangue, transplantes de 6rgaos a partir de
doadores infectados e por via transplacentaria. Atualmente, a quimioterapia é o Unico
tratamento especifico para esta doenca, onde os medicamentos utilizados sdo nifurtimox e
benzonidazol. Outro problema de salude publica sdo as doencas fungicas oportunistas,
associadas a problemas de imunossupressdo e comuns em ambientes hospitalares.
Candidiase é a mais frequente infeccdo fangica oportunista, frequentemente causada por
Candida albicans, C. tropicalis, C. parapsilosis, C. glabrata e C. krusei. As manifestaces
clinicas das candidiases apresentam grande diversidade de quadros clinicos, podendo ser
dividida em candidiase invasiva ou sistémica e candidiase mucocutanea. Uma alternativa
para o tratamento dessas doencas sdo produtos naturais de Eugenia uniflora, Eugenia
jambolana, Mentha arvensis, Hyptis martiusii, Turnera ulmifolia e Momordica charantia,
plantas muito utilizadas na medicina tradicional e, para o presente estudo, seus extratos
foram preparados. Para os estudos de atividade antiepimastigota in vitro, foi utilizado o
clone CL-B5 de T. cruzi. Formas epimastigotas do parasito foram semeados em uma
concentracdo de 1x 10° mL™ em 200pl de infusdo de figado triptose. Para 0 ensaio
citotoxico foram utilizados macréfagos J774. Macréfagos J774 foram semeados (5 x 10*
células/ pogo) em placas de microdiluicdo de fundo chato de 96 pogos com 100 pl de meio
RPMI 1640. A concentracdo inibitéria minima (CIM) foi determinada em infusdo de
coracdo e cérebro (BHI) 10%, pelo método de microdiluicdo em caldo, usando uma
suspensdo de 10° UFC/mL e concentraces dos extratos variando de 1024-8 pg/mL. A
CIM foi definida como a menor concentracdo na qual nenhum crescimento microbiano foi
observado. Quanto a atividade tripanocida, E. jambolana demonstrou a maior porcentagem
de inibig&o do parasito, sendo capaz de eliminar 100% da amostra em uma concentragéo de
100 pg/mL. M. charantia, E. uniflora e H. martiusii apresentaram uma inibicéo de 81, 80 e
46 % respectivamente em uma concentracdo de 100 pg/mL. M. arvensis exibiu 65% de
inibicdo a uma concentracdo de 500 pug/mL. T. ulmifolia inibiu 29% em uma concentracéao
de 500 pg/mL. Na avaliacdo da CIM dos extratos, apenas o extrato etandlico de H.
martiusii demonstrou uma inibicdo de 256 pg/mL para a cepa C. krusei ATCC 40147,
todos 0s outros extratos apresentaram uma CIM de 1024 pg/mL. Nos testes de modulacéo
da atividade dos antifungicos, todos os extratos reduziram a CIM do metronidazol em 2
pontos para as cepa C. albicans ATCC 40277 e C. tropicalis ATCC 13803.
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ABSTRACT

Developing countries with abundant traditional knowledge and rich biodiversity, as in the
case of Brazil, still grapple with a high incidence of disease such as tuberculosis, malaria,
leishmaniasis and Chagas disease. Chagas disease, caused by Trypanosoma cruzi, affects
about 10 million people in the Americas. The parasite can be transmitted to humans by
triatomine insects, foods contaminated their feces, blood transfusion or organ transplants
from infected donors and the transplacental route. Currently, chemotherapy is the only
specific treatment available for this disease, where the most utilized drugs are nifurtimox
and benzonidazol. Another health problem is the opportunistic fungal diseases, problems
associated with immunosuppression are common in hospital environments. Candidiasis is
the most frequent infection caused by opportunistic fungi. The main species associated
with this disease are Candida albicans, C. tropicalis, C. parapsilosis, C. glabrata and C.
krusei. The clinical features of candidiasis are quite diverse, can be divided into systemic
or invasive candidiasis and mucocutaneous candidiasis. An alternative for replacing these
drugs are natural extracts from Eugenia uniflora, Eugenia jambolana, Mentha arvensis,
Hyptis martiusii, Turnera ulmifolia and Momordica charantia, plants widely used in
traditional medicine for this study, their extracts were prepared. To research in vitro
antiepimastigote activity, T. cruzi CL-B5 clone was used. Epimastigotes forms of parasite
were inoculated at a 1x10° mL™ concentration in 200l triptose-liver infusion. For the
citotoxicity assay J774 macrophages were used. J774 macrophages were seeded (5 x 10*
cells/well) in 96-well flat-bottom microplates with 100 pl of RPMI 1640 medium. The
Minimal Inhibitory Concentration (MIC) was determined using 10% BHI by the
microdilution method and suspensions with 10° CFU/ml and an extract concentration
ranging between 1024-8 pg/ml. MIC is defined as the lowest concentration at which no
microbial growth is observed. As for trypanocidal activity, E. jambolana showed the
highest percentage of inhibition of the parasite, being able to eliminate 100% of the sample
at a concentration of 100 micrograms per milliliter. M. charantia, E. uniflora and H.
martiusii showed an inhibition of 81, 80 and 46% respectively at a concentration of 100
micrograms per milliliter. M. arvensis exhibited 65% inhibition at a concentration of 500
mg / mL. T. ulmifolia inhibited 29% at a concentration of 500 mg / mL. In the evaluation
of MIC of the extracts, only showed an inhibition ethanol extract of H. martiusii of 256 ug
/ mL for the strain C. krusei ATCC 40147, all other extracts showed a MIC of 1024
micrograms per milliliter. In tests of modulating the activity of antifungal agents, all the
extracts reduced the MIC of metronidazole in 2 points for the strain and C. albicans ATCC
40277 C. tropicalis ATCC 13803.
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1 INTRODUCAO

Ao longo da historia, as plantas tém sido utilizadas como fonte de medicamentos.
Suas propriedades medicinais foram descritas em tabletes de argila pelos Assirios cerca de
2000 a.C., e documentadas nas culturas egipcia, Ayurveda indiana (PATWARDHAN
2005), medicina tradicional Chinesa e encontrada em varios documentos Europeus (KONG
et al., 2009). Atualmente continuam a servir como base para muitos medicamentos
(GINSBURG, DEHARO 2011). O conhecimento nativo sobre a utilizacdo destas plantas
tem sido bem documentado em varias partes do mundo (BEGOSSI et al., 2002). Esta
préatica de tratamento com produtos naturais € bastante comum em varios povos, sendo
mais evidente nos paises em desenvolvimento, onde a maior parte da populacdo pobre nao
tem acesso aos medicamentos industrializados (AYYANAR, IGNACIMUTHU 2005;
OLIVEIRA et al., 2010).

Muitas pesquisas abordam o uso popular de plantas medicinais para direcionar
estudos farmacoldgicos, sendo essa abordagem definida como avaliacdo etnodirigida. A
etnobotanica e a etnofarmacologia tém se destacado bastante neste tipo de avaliagéo.
Enquanto a etnoboténica se ocupa da inter-relacdo entre pessoas e plantas
(ALBUQUERQUE 2005), a etnofarmacologia se ocupa do estudo dos preparados
tradicionais. Seu objetivo ¢é avaliar a eficacia das técnicas tradicionais fazendo uso de um
grande numero de modelos farmacolégicos (WALLER 1993; ALBUQUERQUE,
HANAZAKI 2006). Um dos maiores desafios na determinagdo do efeito farmacol6gico de
um extrato tem sido a elucidacdo de compostos ativos. As plantas contém inimeros
constituintes em seus extratos. Quando testados podem apresentar efeitos sinérgicos ou
antagbnicos e isso se deve a presenca de diferentes compostos (GEBHARDT 2000;
MACIEL et al., 2002).

A criacdo de modelos nacionais de salde pautados nas aptiddes e caréncias de
paises em desenvolvimento € tida como fundamental para tornar o acesso a saude publica
mais abrangente e de melhor qualidade (WHO 2002). Especialmente em paises com rica
biodiversidade e conhecimentos tradicionais, como é o caso do Brasil, e com elevada
incidéncia de doencas tropicais, tais como tuberculose, doenca de Chagas,

esquistossomose, leishmaniose e doenga do sono (FUNARI, FERRO 2005).



A doenca de Chagas, causada pelo protozoario Trypanosoma cruzi, atinge cerca de
10 milhdes de pessoas nas Américas (WHO, 2010). O parasita pode ser transmitido aos
seres humanos por insetos triatomineos, alimentos contaminados por suas fezes, transfusao
de sangue ou transplante de 6rgdos de doadores infectados e por via transplacentaria de
uma mée contaminada para seu recem-nascido (WHO, 2010). Atualmente, a quimioterapia
€ 0 Unico tratamento disponivel e os medicamentos mais utilizados sdo o nifurtimox e o
benzonidazol (WHO, 2010). Varios estudos envolvendo a analise de extratos vegetais
revelaram uma atividade potencial contra T. cruzi, por exemplo, extratos de Arrabidaea
triplinervia (LEITE et al., 2006), Dracocephalum kotschyi (SAEIDNIA et al., 2004) e
Azorella compacta (ARAYA et al., 2003).

A avaliacdo da toxicidade de substancias ativas € o primeiro passo para utilizacao
destes compostos em modelos animais. Drogas correntemente utilizadas para o tratamento
da doenca de Chagas demonstram alta toxicidade devido aos metabdlitos produzidos que
apresentam alta reatividade afetando os tecidos do hospedeiro (DIAS, DESSOY 2009). A
atividade citotoxica de vérias plantas tem sido bem avaliada, como por exemplo,
Calophyllum brasiliense (REYES-CHILPA et al., 2008), Capparis spinosa, Kleinia odora
e Psiadia punctulata (ABDEL-SATTAR et al., 2010).

Outro fator que impulsiona esta procura por produtos naturais ativos é o surgimento
de resisténcia de algumas cepas aos farmacos convencionais, tal como ocorre em algumas
leveduras do género Candida (ALVES et al., 2006; BOFF et al., 2008). Além disso, a
maioria dos antifingicos apresentam muitos efeitos adversos o que impossibilita seu uso

persistente por pessoas imunodeprimidas.

Candidiase ou candidose € a mais frequliente infeccdo fugica oportunista, em que as
espécies comumente implicadas neste quadro clinico sdo: Candida albicans, C. tropicalis,
C. parapsilosis, C. glabrata e C. krusei (SIDRIM, ROCHA 2004). O espectro clinico da
candidiase € muito amplo, indo desde manifestacdes leves, como a colonizacdo de
mucosas, até quadros sisttmicos com a invasdo de varios orgdos (COUTINHO 2009).
Estas leveduras sdo parte da microbiota normal, tornando-se patogénica em casos como o
de imunodeficiéncia congénita ou adquirida e imunossupressdo induzida pelo estresse
grave (DIGNANI et al., 2003; COLOMBO, GUIMARAES 2003). Uma variedade de
extratos tem sido extensivamente estudada na busca de tratamentos alternativos para estas

infeccdes oportunistas, como no caso de Himatanthus articula (SEQUEIRA et al., 2009),



Mentha longifolia (AL-BAYATI 2009), Malva sylvestris e Psidium guajava (ALVES et
al., 2009).

E notéavel que a busca e descoberta de produtos naturais com principios ativos que
apresentem atividade antitripanocida e antifungica e baixos nivel de toxicidade
representam uma evolucdo farmacoldgica. Apesar da diferenca existente entre as infeccbes
causadas por T. cruzi e leveduras, esses microrganismos necessitam de esterois especificos
para a viabilidade e proliferacdo celular. Varios estudos tém mostrado que inibidores da
biossintese de ergosterol (EBI) comercialmente disponiveis, altamente eficazes no
tratamento de doencas fungicas (tais como cetoconazol, itraconazol ou terbinafina),
possuem atividade supressiva, mas ndo curativa contra infecgdes por T. Cruzi. No entanto,
novos derivados triazolicos como posaconazol tem mostrado cura parasitoldgica em
modelos cronicos e agudos em ratos. Estes foram os primeiros compostos a relatar cura em

formas sanguineas da doenca (URBINA, 2009a).

A regido do Cariri, localizada ao Sul do Estado do Ceard, tem sua geografia
marcada pela Chapada do Araripe, com uma area de protecdo ambiental e uma floresta
nacional. Esta regido, com mais de oitenta municipios na chamada mesorregido do Araripe,
compreendendo, além do Estado do Ceard, os Estados do Piaui, Pernambuco e Paraiba,
sendo as cidades de Crato, Juazeiro do Norte e Barbalha o seu centro de desenvolvimento
politico e econdémico (FUNDETEC, 1998; COUTINHO 2008).

Na Chapada do Araripe, com é&rea de 55.000km? a exploracdo de recursos
energéticos oriundos de madeira se dd sem manejo adequado, o que levou, em poucas
décadas, a uma reducdo de sua cobertura florestal em 50% (FUNDETEC, 1998;
AUGUSTO, GOES 2007; COUTINHO 2008). A Chapada do Araripe abriga um bioma de
caracteristicas geoldgicas, geomorfoldgicas, pedoldgicas, climaticas, hidrogréaficas/
hidrolégicas e de vegetacdo bem diversificado. As formacdes florestais da Chapada do
Araripe podem, de maneira simplificada, ser estratificadas em mata Umida, cerradao,
cerrado, carrasco e caatinga. Esta variedade de ambientes possibilita uma grande variedade
de tipos vegetais, tanto arbdreos quanto arbustivos. Essa producdo florestal € absorvida
pelos produtores rurais para atender necessidades energéticas e de infra-estrutura dentro
das propriedades (entre outras, cercas, construgdes rurais, cabo de ferramentas agricolas e
portais), representando uma atividade complementar as atividades agropecuarias nos

periodos de estiagem no semi-arido nordestino. Além do potencial energético e madeireiro,



também ha a producdo de frutos e produtos obtidos de espécies consideradas nédo
madeireiras e que sdo utilizados como alimentos e como remédios na medicina tradicional
tais como: araca (Psidium araca Raddi), cajui (Anacardium humile), pitanga (Eugenia
michelli), pequi (Caryocar coriaceum), janaguba (Himatanthus drasticu), faveira
(Dimorphandra gardneriana), jatobd (Hymenaea stignocarpa) e pau de 6leo ou copaiba
(Copaifera langsdorffii), que apresentam valor econdmico e cultural para a regido
(FUNDETEC, 1998; COUTINHO 2008).
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2 OBJETIVOS
2.1 Objetivo Geral

Avaliar a atividade microbiologica e citotdxica dos extratos etanolicos obtidos de
folhas de Eugenia uniflora, Eugenia jambolana, Mentha arvensis, Hyptis martiusii,
Turnera ulmifolia e Momordica charantia, bem como, avaliar as possiveis interagcdes dos

extratos com drogas antifungicas utilizadas na terapéutica.

2.2 Objetivos Especificos

e Avaliar a atividade anti Trypanosoma cruzi in vitro dos extratos etanolicos de
Eugenia uniflora, Eugenia jambolana, Mentha arvensis, Hyptis martiusii, Turnera
ulmifolia e Momordica charantia em cultura de forma epimastigota, cepa CL-B5,
do protozoario.

e Identificar os niveis de citotoxicidade in vitro dos extratos em cultura de
Macrofago, linhagem J774.

e Determinar a Concentracédo Inibitéria Minima (CIM) dos extratos frente as cepas de
leveduras Candida albicans ATCC 40277, Candida tropicalis ATCC 13803 e
Candida krusei ATCC 40147.

o Verificar a eficacia dos extratos na modulacdo da resisténcia fungica aos farmacos

Anfotericina B, Nistatina, Mebendazol e Metronidazol.
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3. REVISAO DE LITERATURA
3.1 Biodiversidade e Bioprospeccao de Produtos Naturais

O Brasil apresenta uma expressiva diversidade de ecossistemas florestais que se
encontram divididas em seis biomas principais: floresta Umida da Amazonia, Pantanal,
Cerrado, Mata Atlantica, Caatinga e Pampa (LEITAO-FILHO 1987; GIULIETTI et al.,
2005). Dentro desse mosaico de tipos vegetacionais, as plantas também apresentam
estratégias especificas para enfrentar os aspectos bioticos (ataque de pragas e patdgenos) e
abioticos (seca, mudanca de temperatura, solos salinos, dentre outros). Portanto, ndo
surpreende o fato de que as plantas geralmente apresentem varios metaboélitos secundarios,
muitos deles Uteis para fins medicinais e industriais (BENKO-ISEPPON, CROVELLA
2010). Apesar de o territério brasileiro concentrar a maior biodiversidade do mundo,
estimada em 20% do numero total de espécies do planeta, apenas 8% tem sido alvo de
pesquisas (ELISABETSKY; COSTA CAMPOS 1996; GARCIA et al., 1996).

A fitoterapia constitui uma forma de terapia medicinal que vem crescendo
notadamente nestes Ultimos anos, ao ponto que atualmente o mercado econdémico mundial
gira em torno de aproximadamente 22 bilhGes de dolares. Dentro desta perspectiva, se
esperava que o Brasil fosse um pais privilegiado. No entanto, a escassa inovacao
tecnoldgica em pesquisa e exploracdo de produtos naturais retarda este desenvolvimento
(YUNES et al, 2001; FUNARI, FERRO 2005). A interacdo de empresas com
universidades e centros de pesquisas € essencial para o desenvolvimento de fitoterapicos.
O governo também representa um fator chave neste desenvolvimento, com a criacdo de
politicas nacionais que estimulem o avango necessario para incluir o Brasil neste mercado
bilionario (FUNARI, FERRO 2005).

A bioprospecc¢do ética da biodiversidade passa a ter importancia estratégica para
paises em desenvolvimento, sendo um instrumento tanto para a descoberta de alternativas
para o tratamento de doengas tipicas destes paises, quanto para estimular o crescimento de
suas economias (MIGUEL, MIGUEL 2004; FUNARI, FERRO 2005).
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3.2 Doenca de Chagas e Terapéutica Atual

A doenga de Chagas, descoberta em 1909 pelo médico brasileiro Carlos Chagas, é
considerada um dos principais problemas socioeconémicos enfrentados na América Latina.
Esta doenca, causada pelo protozoario Trypanosoma cruzi, afeta cerca de 10 milhdes de
pessoas do sul dos Estados Unidos até a Patagdnia, causando aproximadamente 10.000
mortes por ano, sendo que outros 25 milhdes de individuos vivem em &reas com risco de
contaminacdo (WHO, 2010).

O protozoario flagelado T. cruzi da ordem Kinetoplastida, familia Trypanosomatide
e género Trypanosoma é o agente causador da doenca de Chagas (HOARE 1972). O
parasita pode ser transmitido para humanos por insetos triatomineos (Figura 1A), alimentos
contaminados por suas fezes, transfusdo de sangue ou transplantes de 6rgdos de doadores
infectados e por via transplacentaria (WHO 2010). O ciclo de vida deste parasito € bastante
complexo, envolvendo hospedeiros vertebrados e invertebrados e diferentes estagios de

desenvolvimento.

Considerando que o ciclo comeca quando um inseto da familia Reduviidae suga o
sangue de vertebrados infectados com formas tripomastigotas (forma sanguinea circulante
e infectante); uma vez ingerido, a maioria dos tripomastigotas (Figura 1C) sofrera lise no
estdmago do inseto (CASTRO et al., 2007), os sobreviventes se transformardo em poucos
dias em epimastigotas (forma presente no vetor); epimastigotas (Figura 1B) migram para o
intestino, onde se dividem intensamente (ALVES et al., 2007, NOGUEIRA et al., 2007);
nas regides posteriores do intestino e reto, transformam-se em formas tripomastigotas
metaciclicas que sdo lancadas juntamente com as fezes enquanto o inseto se alimenta
(GARCIA et al., 2007). Uma vez no hospedeiro vertebrado, os tripomastigotas invadem as
células no local da inoculagdo (por exemplo, fibroblastos, macréfagos e células epiteliais).
Este ciclo envolve vérias etapas como a formacao de um vacuolo parasitario, diferenciacao
de formas tripomastigotas em formas amastigotas (forma de replicagdo intracelular)
(Figura 1D) e lise da membrana do vacuolo parasitario por enzimas secretadas pelo
parasita, de modo que estas formas entram em contato direto com as organelas da célula
(CARVALHO, SOUZA 1989; SOUZA et al., 2010).



12

5 =

Figura 1: A — Um exemplar de inseto triatomineo Triatoma infestans (Popularmente
conhecido como barbeiro), fonte: www.icb.usp.br; B — Formas epimastigotas, C — Formas
tripomastigotas, D — Formas amastigotas em cultura celular (B, C, D — formas do
protozoario Trypanosoma cruzi — gentilmente cedidas pela Dra. Celeste Vega).

Embora a doenca de Chagas ocorra no México, América Central e do Sul, as
manifestacdes clinicas e as caracteristicas epidemioldgicas sdo diferentes nas diversas
zonas endémicas (MAYA et al.,, 2010). A heterogeneidade do parasita tem sido
extensivamente estudada por métodos bioldgicos, bioquimicos e moleculares, o que
explica as diferencas geograficas na morbidade e mortalidade (MACEDO et al., 2004;
MANOEL-CAETANO, SILVA 2007; RASSI JR et al., 2010). Em 1999, um consenso

(Recomendations From a Satellite Meeting, 1999) sobre as cepas de T. cruzi descreveu


http://www.icb.usp.br/
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duas linhagens principais: T. cruzi I, que predomina no ciclo de transmissdo silvestre,
parece ser menos resistente as drogas tripanocidas, e estd associada a doenca humana em
todos os paises endémicos ao norte da bacia amazonica. T. cruzi Il, que predomina no
ambiente domestico em todos os paises do Cone Sul, parece ter aumentado a resisténcia a
droga tripanocida e, pelo menos no Brasil e na Argentina, tem sido convincentemente

relacionada ao dano tecidual causado pela doenca de Chagas (FREITAS et al., 2005).

A doenca se caracteriza por uma fase aguda que pode durar até 4 meses e uma fase
crbnica que se prolonga por toda a vida do hospedeiro (BOAINAIN, RASSI 1979; DIAS,
DESSOY 2009). A fase aguda é geralmente assintomatica, porém pode ocorrer uma série
de sinais e sintomas como febre, dores musculares, mal estar, sudorese,
hepatoesplenomegalia, insuficiéncia cardiaca e, com menor frequéncia, pode ocasionar
meningoencefalite (MAYA et al., 2010). A fase latente ou indeterminada dura de 10 a 30
anos, sendo caracterizada pela auséncia de sintomas. Uma miocardite focal se instala nesta
fase. Durante a fase crbnica da doenca, os sintomas surgem de insuficiéncia e arritmias
cardiacas e tromboembolismo arterial ou venoso. A insuficiéncia cardiaca é geralmente
biventricular, que é a manifestacdo mais freqliente e grave da doenca e esta associada com
pior prognostico e altas taxas de mortalidade em comparagdo com insuficiéncia cardiaca de
outras causas (RASSI JR, RASSI 2010; RASSI et al., 2009).

Atualmente, dois medicamentos sdo indicados para o tratamento especifico da
doenca de Chagas, o nifurtimox (Lampit®, da Bayer) e o benzonidazol (Rochagan®, da
Roche) (WHO 2010), ambos sao tripanocidas a todas as formas do parasita. Entretanto, a
terapia nem sempre é bem sucedida, pois os medicamentos apresentam toxicidade elevada
e muitos efeitos adversos, 0 que representa uma ameaca para Seu uso clinico e,
frequentemente, obriga a suspensdo da terapia (MAYA et al., 2010; COURA 2007;
ROCHA et al., 2007). O nifurtimox e benzonidazol (Figura 2) agem através da formacao
de radicais livres e/ou metabolitos eletrofilicos, afetando todas as macromoléculas do
parasita (MAYA et al., 2003). Nado existem medicamentos de eficacia superior ao
nifurtimox e benzonidazol, porém numerosos compostos quimicos naturais e sinteticos
estdo sendo adicionados a lista de medicamentos com potencial efeito tripanocida, como o
alopurinol e seus analogos cetoconazol e itraconazol (antifungicos imidazolicos), quinonas,
diversos derivados de nitroheterociclico, antioxidantes e outras drogas em uso clinico, tais
como fenotiazinas (APT et al., 2005; MAYA et al., 2007; URBINA 2009b).
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Figura 2: Estruturas quimicas de Nifurtimox e Benzonidazol (farmacos utilizados na

doenca de Chagas)

3.3 Candidiase e Terapéutica Atual

A candidiase é a mais freqliente infec¢do fangica oportunista (SIDRIM, ROCHA
2004). Durante muito tempo, acreditava-se que apenas Candida albicans era capaz de
causar doenca no homem; hoje, sabe-se que, em sua grande maioria, as leveduras sao
capazes, em condi¢des especiais do hospedeiro, de causar diversos tipos de quadro clinicos
(COUTINHO 2009). O habitat de espécies de Candida € bastante amplo, estando ligado,
assim, a espécie humana e a todas as espécies de primatas até 0 momento investigadas.
Animais domésticos, uma imensa variedade de mamiferos selvagens e todos os passaros
tém sido também imputados como reservatérios desse microrganismo (SIDRIM, ROCHA
2004).

Candida albicans cresce frequentemente nas membranas mucosas da boca, do trato
intestinal e geniturinario. As infecgdes sdo normalmente resultado do supercrescimento
oportunista, quando a flora competidora é suprimida por antibidticos ou outros fatores
(TORTORA et al., 2005). As principais espécies de interesse clinico sdo: C. albicans, C.
parapsilosis, C. tropicalis, C. glabrata, C. krusei, C. guilliermondii e C. lusitaniae
(COLEMAN et al., 1998). A C. albicans e a mais frequente, sendo responsavel por 100%

dos casos de candidiase da orofaringe e 90% de candidiase vulvovaginal (LOPES 2006).

As manifestacfes clinicas das candidiases apresentam grande diversidade de

quadros clinicos, podendo ser dividida em candidiase invasiva ou sistémica e candidiase
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mucocutanea (oral, intertriginosa, balanoprepucial, vulvovaginal, paroniquia e
mucocutanea crénica). Candidiase invasiva ¢ uma infec¢do profunda e grave que acomete
individuos imunocomprometidos. Qualquer 6rgdo pode ser acometido, assim, tem-se
candidiase ocular, hepatoesplénica, pulmonar, cardiaca, do sistema nervoso central,
musculoesquelética, miosites, artrites, dentre outras (LOPES 2006). Candidemia é a
infeccdo da corrente sanguinea causada por Candida sp. Representa um peso consideravel
em pacientes hospitalizados e estd associada com tempo excessivo de internacdo e altas
taxas de mortalidade (GUDLAUGSSON et al., 2003).

Candidiase oral, caracterizada por placas esbranquicadas que comprometem toda a
cavidade oral e, em casos graves, disseminam-se pela faringe, laringe, esdfago, traquéia e
brénquios. Candidiase intertriginosa atinge dobras e superficie justapostas da pele, onde se
observam lesdes eritematosas e secretantes formando fissuras ou erosdes. Candidiase
balanoprepucial apresenta-se como lesdes eritematoerosivas da glande e prepucio,
recobertas ou nao por induto esbranquicado, com ardor e prurido. (LOPES 2006). Na
candidiase paroniquia, observa-se uma tumefacdo inflamatdria da regido da pele que
circunda a unha (SIDRIM, ROCHA 2004).

A candidiase vaginal afeta uma elevada propor¢do de mulheres em idade adulta.
Estima-se que aproximadamente 75% destas apresentem pelo menos um episédio de
vulvovaginite fungica em sua vida, das quais 40 a 50% vivenciam novos surtos e 5%
tornam-se recorrentes (FERRAZA et al., 2005). Candidiase mucocutanea crénica é uma
infeccdo persistente ou refratéria/recorrente da pele, unhas e membranas mucosas,
geralmente causada por C. albicans, que pode estar relacionada a uma variedade de
diferentes condicdes clinicas, ainda ndo totalmente identificadas (KIRKPATRICK, HILL
2001).

Os farmacos antifingicos atualmente disponiveis sdo classificados em diversas
categorias: farmacos sistémicos para infeccbes sistémicas, farmacos orais para infecgdes
mucocutaneas e farmacos topicos para infec¢gdes mucocutaneas. A anfotericina B (Figura
3) € um macrolidio poliénico anfotérico utilizado para o tratamento das infeccGes
sistémicas e é o0 agente antifungico com maior espectro de a¢do. Possui atividade contra as
leveduras clinicamente importantes, incluindo C. albicans e Cryptococcus neoformans. O
fluconazol constitui 0 azol mais comumente utilizado para o tratamento da candidiase

mucocutanea. A nistatina é um (Figura 3) macrolidio poliénico muito semelhante a



16

anfotericina B, utilizada na terapia antifungica topica. Mostra-se ativa contra a maioria das
espécies de Candida (KATZUNG 2005).

HO

Anfotericina B

Nistatina

Figura 3: Estruturas quimicas de Anfotericina B e Nistatina
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3.4 Familias, Géneros e Espécies Botanicas Estudadas

3.4.1 Familia Myrtaceae

A familia Myrtaceae compreende 121 géneros e 3800-5800 espécies de arbustos ou
arvores, ocorrendo principalmente em regides tropicais e subtropicais do mundo (WILSON
et al., 2001). Espécies da familia Myrtaceae sdo frequentemente encontradas em varias
florestas tropicais da América. No Brasil, a familia Myrtaceae é uma das mais importantes,
sendo muitas vezes uma das familias lenhosas dominantes na Mata Atlantica (BARROSO,
PERON 1994). Diversas espécies desta familia s&o cultivadas por seus frutos comestiveis,
de raro sabor e bom gosto, contribuindo para o desenvolvimento econémico (LANDRUM,
KAWASAKI 1997; KAHKONEN et al., 2001). Outras sdo consideradas medicinalmente
relevantes e sdo largamente usadas pela populagdo no tratamento de diarreias e outras
desordens (STEFANELLO et al., 2011).

3.4.1.1 Género Eugenia

O género Eugenia possui cerca de 500 espécies, sendo um dos maiores e mais
representativos géneros da familia Myrtaceae (CARDOSO, SAJO 2004); encontra-se bem
representado nas diversas formagoes vegetacionais do Brasil, ndo apenas quanto a riqueza
especifica, mas também quanto a abundéancia e frequéncia de suas espécies (RODRIGUES,
NAVE 2000; ARANTES, MONTEIRO 2002; ROMAGNOLO, SOUZA 2006).

Eugenia jambolana (Figura 4) € popularmente conhecida no Brasil como jambol&o,
e é muito usada na medicina popular para tratar diabetes, irritacdo da garganta e disenteria
(MIGLIATO et al., 2006). Produtos naturais de E. jambolana apresentam varios relatos na
literatura de atividades hipoglicemiante (SUNDARAM et al., 2009), hepatoprotetora
(SISODIA, BHATNAGAR 2009), antitlcerogénica (CHATURVEDI et al., 2007),
fototoxica (COUTINHO et al., 2009a), antibacteriana (COUTINHO et al., 2010a),
moduladora da atividade de antibidtico (COUTINHO et al.,, 2010b) e atividade
antioxidante (SANTOS et al., 2010). No extrato metandlico das folhas de E. jambolana ja
foram identificados triterpenoides, taninos, flavonoides e antraquinonas (BRAGA et al.,
2007).
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Figura 4: Foto de Eugenia jambolana (www.flickr.com)

Eugenia uniflora (pitanga) (Figura 5) ocorre naturalmente na Argentina, Uruguai e
Brasil, sendo cultivada como ornamental e frutifera. A espécie é indicada para
recomposicao de areas degradadas e seus frutos sdo apreciados pela fauna e pelo homem,
em razdo do sabor agradavel e refrescante (BACKES, IRGANG 2002; LORENZI 2002).
Além disso, ¢é descrita e estudada por seu potencial antimicrobiano (HOLETZ et al., 2002),
hipotensor (CONSOLINI, SARUBBIO 2002), antioxidante (VELAZQUEZ et al., 2003),
fotossensibilizador e potencializador de antibioticos (COUTINHO et al., 2010b,c). Na
analise de seus Oleos ja foram identificados monoterpenos, sesquiterpenos (principalmente
dos grupos selinane e germacrano) (STEFANELLO et al., 2011), flavonoides (myricitrin e
guercetina), taninos e fenois (BANDONI et al., 1972; WAZLAWIK et al., 1997).
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Figura 5: Foto dos frutos de Eugenia uniflora (www.montosogardens.com)

3.4.2 Familia Lamiaceae

A familia Lamiaceae (ordem Lamiales) é constituida por aproximadamente
258 géneros e 7193 espécies, das quais 40% possui propriedades aromaticas. Géneros, tais
como Salvia, Hyptis, Scutellaria, Coleus, Plectranthus, Stachys, Nepeta e Teucrium tém
uma distribuicdo ampla e cosmopolita, embora sejam especialmente abundantes na Regido
do Mediterraneo (MELENDO et al., 2003; APG 11 2003). No Brasil e em outras areas de
cerrado do leste da América do Sul, a familia Lamiaceae, representada principalmente pela
subtribo neotropical Hyptidianae (tribo Ocimeae) mostra fortes padrbes de variagdo
floristico e taxondmico e produz um grande numero de novas espécies (ALMEIDA,
ALBUQUERQUE 2002).

3.4.2.1 Género Hyptis

O género Hyptis € composto por aproximadamente 350-400 espécies na forma de
pequenas ervas a arbustos de grande porte, que sdo distribuidos nos tropicos e regides
temperadas quentes de todo o mundo. Estudos anteriores sobre os constituintes de espécies
do género Hyptis revelaram diterpenoides (FRAGOSO-SERRANO et al., 1999; OHSAKI
et al., 2005), flavonoides (PEREDA-MIRANDA, DELGADO 1990; NOVELO et al.,
1993; ISOBE et al., 2006), triterpenos (FALCAO et al., 2003), lignanas (NOVELO et al.,
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1993; KUHNT et al., 1994), Sesquiterpenos (FACEY et al., 2005) e derivados a-pirona
(PEREDA-MIRANDA et al., 1993; BOALINO et al., 2003; DENG et al., 2009).

Muitas espécies do género Hyptis sdo utilizadas na medicina popular, tais como H.
Suaveolens e H. Pectinata, indicadas na forma de infusdes, decocto e em forma de cigarro
para o tratamento de colicas mentruais, problemas digestivos, odontalgias, cefaleias, sendo
também indicadas contra gripes, febres, problemas respiratérios, amenorreias e
dismenorreias (GRENAND et al., 1987; AGRA et al., 1994; CORREA 1974). Um amplo
espectro de atividades biologicas e farmacoldgicas ja foi relatado para muitas especies do
género Hyptis, como atividade antimicrobiana (ISOBE et al., 2006; SOUZA et al., 2003;
COUTINHO et al., 2008a), antinoceptiva e antiinflamatoria (RAYMUNDO et al., 2011).

Hyptis martiusii (Figura 6), popularmente conhecida no Nordeste como cidreira-do-
campo, € uma herbacea usada na medicina tradicional contra doencas intestinais e
estomaticas (AGRA et al., 2008). Sdo poucos os relatos de suas atividades biologicas e
farmacoldgicas, entretanto, ja foi relatada atividade antitumoral (COSTA-LOTUFO et al.,
2004), citotoxica (ARAUJO et al., 2006), genotoxica (CAVALCANTI et al., 2008),
inseticida (ARAUJO et al., 2003) e antibacteriana (COUTINHO et al., 2008a; 2009a,
2010d,e).

Figura 6: Foto de Hyptis martiusii Benth. (www.plantes-rizieres-guyane.cirad.fr).
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3.4.2.2 Género Mentha

Ha mais de 25 espécies no género Mentha. Entre as mais bem estudadas pode-se
destacar a M. arvensis (menta japonesa), M. citrata (menta-do-levante) e M. piperita
(horteld pimenta) (ZAUZA et al., 2003). Espécies de Mentha séo bastante conhecidas por
suas propriedades na medicina tradicional e popular. As folhas séo utilizadas para tratar
disturbios digestivos tais como dispepsia, disenteria bacilar, flatuléncia, gastrite e enterite.
Também € usada no tratamento de bronquite, diabetes, diarreia, febre, hipertenséo,
ictericia, nauseas, dores, doencas respiratorias e infeccdes do trato urinario (BALIGA,
RAO 2010).

Diversas atividades ja foram descritas para este género, como espasmolitica
(ESTRADA-SOTO et al., 2010), antimicrobiana (HOFLING et al., 2010; COUTINHO et
al., 2008b, 2009b; RAJA, DEVI 2010), inseticida (PAVELA 2005; 2008),
anticarcinogénica (JAIN et al., 2010), antiinflamatéria (PEARSON et al., 2010),
radioprotetora (BALIGA, RAO 2010; JAGETIA 2007), neuroprotetora (LOPEZ et al.,
2010), antioxidante (LOPEZ et al., 2007) e gastroprotetora (LONDONKAR, PODDAR
2009).

Mentha arvensis (Figura 7), € popularmente conhecida como horteld japonesa ou
menta, é uma planta aromética com folhas e inflorescéncias ricas em 6leo essencial, sendo
0 mentol seu principal constituinte. O dleo essencial da menta € empregado na inddstria
alimenticia, farmacéutica e de higiene. Na medicina popular, a menta é utilizada no
tratamento de distlrbios digestivos e de verminoses (MARTINS et al., 1994). Muitos
estudos tém demonstrado suas atividades antimicrobiana (RAJA, DEVI 2010;
COUTINHO et al., 2008b, 2009b; HUSSAIN et al, 2010), gastoprotetora
(LONDONKAR, PODDAR 2009), citotéxica (HUSSAIN et al., 2010) e radioprotetora
(JAGETIA 2007).
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Figura 7: Foto de Mentha arvensis L. (www.popgen.unimaas.nl).

3.4.3 Familia Cucurbitaceae Juss.

A familia Cucurbitaceae é constituida por cerca de 120 géneros e aproximadamente
825 espécies (MABBERLY 1987). Segundo o sistema de classificacdo APG 1l (2003), esta
familia pertence a ordem Cucurbitales, sendo seus membros encontrados principalmente
em regides tropicais, com ocorréncia muito rara em areas temperadas. E considerada uma
das mais importantes familias de plantas utilizadas para a producéo de alimentos e fibras
(MONTES-HERNADEZ, EGUIARTE 2002; CARDOSO 2003).

3.4.3.1 Género Momordica

O género Momordica é reconhecido por sua diversidade em atividades bioldgicas
relatadas na literatura, como por exemplo, atividade citotoxica e inibicdo de sintese
protéica (CHUETHONG et al., 2007), atividade imunomoduladora (TSOI et al., 2006),
antioxidante (TSOI et al., 2005), antitumoral (TIEN et al., 2005), atividade antiplasmodial
(BENOIT-VICAL et al., 2006), propriedade inseticida (NARASIMHAN et al., 2005).

Momordica charantia (Figura 8) é uma herbacea popularmente conhecida no Brasil
como meldo-de-S&o-Caetano. Originaria da india, é amplamente cultivada na Asia, Africa
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e América do sul. O mel&o-de-S&o-Caetano é utilizado como alimento e bastante indicado
na medicina popular para o diabetes e suas complica¢bes, no tratamento de colicas,
doencas virais, heminticas, malaria e infeccbes microbianas, sendo ainda usado como
carminativo e emenagogo (GROVER et al., 2002; RAMAN, LAU 1996).

Diversos fitoconstituintes ja foram isolados a partir de M. charantia, como
alcaloides, triterpenos, taninos, flavonoides, carboidratos e proteinas (ROOPASHREE et
al.,, 2008). Esta herbacea possui um amplo espectro de propriedades, tais como
hipoglicemiante (FERNANDES et al.,, 2007; TRIPATHI, CHANDRA 2009),
antimicrobiana (ROOPASHREE et al., 2008; FARIA et al., 2009; COUTINHO et al.,
2010f; MWAMBETE 2009; BRACA et al., 2008), antipsoridtico (ROOPASHREE et al.,
2008), citoprotetor-hepatico (CHEN et al., 2010), antilipidémico (NERURKAR et al.,
2010; FERNANDES et al., 2007), anticarcinogénico (RAY et al., 2010; AGRAWAL,
BEOHAR 2010), antileishmania (GUPTA et al., 2010), antiinflamatério (UMUKORO,
ASHOROBI 2006), fototéxica (COUTINHO et al., 2010c) e antioxidante (TRIPATHI,
CHANDRA 2009; THENMOZHI, SUBRAMANIAN 2010).

Figura 8: Foto de Momordica charantia (www.floridasnature.com)
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3.4.4 Familia Turneraceae DC.

A familia Turneraceae possui 10 géneros e cerca de 190 espécies com ampla
distribuicdo nas regides tropicais e subtropicais do mundo, tendo como principal centro de
diversidade a América tropical (ARBO 2004).

3.4.4.1 Género Turnera

O género Turnera L. é 0 mais representativo da familia Turneraceae, com cerca de
120 espécies, distribuidas nas Américas e Africa (ARBO 2005). Espécies deste género s&o
reconhecidas pelo habito herbaceo a arbustivo. No Nordeste brasileiro sdo conhecidas pelo
nome popular de “chanana”. Espécies como Turnera difusa e T. ulmifolia s&o utilizadas
principalmente como afrodisiaco (ELISABETSKY et al., 1992), abortivo (WINKELMAN,
1989), no tratamento de Ulceras gastricas (SOUZA et al., 2002) e do diabetes (BARBOSA-
FILHO et al., 2005).

Turnera ulmifolia (Figura 9) é uma erva de pequeno porte que Se encontra
distribuida desde a Guiana até o sul do Brasil (PIO CORREA 1984; GRACIOSO et al.,
2002). Tal erva tem sido muito utilizada na medicina tradicional por sua atividade
antioxidante (NASCIMENTO et al., 2006), antiulcerogénica (GRACIOSO et al., 2002),
antiinflamatéria (ANTONIO, SOUZA BRITO 1998) e hipoglicemiante (ALARCON-
AGUILARA et al., 1998), sendo alvo de diversos estudos. Um outro uso dessa planta,
como expectorante e no tratamento de albumindria, leucorreia, furunculose, asma e
reumatismo foi identificado (PIO CORREA 1984; BRAGA 1976; HOSAMANI 1993).
Dentre os componentes isolados desse vegetal podem ser citados alcaloides, taninos,
flavonoides e fenois (ANTONIO, SOUZA BRITO 1998; NASCIMENTO et al., 2006;
GRACIOSO et al., 2002).



Figura 9: Foto de Turnera ulmifolia — (www.visoflora.com)
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4 MATERIAL E METODOS

4.1 Selecdo e coleta do material boténico

As plantas Eugenia uniflora, E. jambolana, Hyptis martiusii, Mentha arvensis,
Momordica charantia e Turnera ulmifolia foram investigadas sobre a forma de extratos
etanolicos, obtidos de suas folhas, com o objetivo de avaliar a atividade antiepimastigota,
citotoxica e antifingica destas amostras frente as linhagens de microrganismos
patogénicos. As espécies vegetais foram coletadas em localidades do municipio do Crato,
no Sul do estado do Ceara, conforme mapa demonstrado na Figura 10. O material botanico
foi identificado pela Dra. Maria Arlene Pessoa da Silva, curadora do Herbario Dardano de
Andrade Lima da Universidade Regional do Cariri — URCA, onde as exsicatas estdo
depositadas (Tabela 1). As plantas foram escolhidas devido ao seu uso intensivo na
medicina tradicional das pequenas comunidades existentes na regido do Cariri, mais

especificamente, na encosta da Chapada do Araripe.

Tabela 1 — Espécies, familias boténicas, nimero das exsicatas e rendimento dos extratos

que foram utilizados no estudo.

ESPECIE FAMILIA EXSICATA  RENDIMENTO
Eugenia jambolana Myrtaceae #3107 5-6¢
Eugenia uniflora Myrtaceae #3106 5-6 ¢
Hyptis martiusii Lamiaceae #464 5-6 ¢
Mentha arvensis Lamiaceae #2886 5-6 ¢
Momordica charantia Cucurbitaceae #703 5-6 ¢

Turnera ulmifolia Turneraceae #1618 5-6 ¢
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Figura 10: Mapa com a localizacdo geogréafica da area de estudo na chapada do Araripe e
municipios proximos (1 - Crato, 2 - Juazeiro do Norte, 3 - Barbalha e 4 - Jardim).
(COSTA, ARAUJO 2007)

4.2 Obtencao dos extratos alcoodlicos

A obtencdo dos extratos etandlicos foi realizada pela equipe de Pesquisa do
Laboratdrio de Pesquisa em Produtos Naturais (LPPN) da Universidade Regional do Cariri

(URCA), sob a coordenacao do professor Dr. José Galberto Martins da Costa.

4.3 Preparacdo dos extratos etandlicos de Eugenia jambolana (EEEJ), Eugenia
uniflora (EEEU), Hyptis martiusii (EEHM), Mentha arvensis (EEMA), Momordica

charantia (EEMC) e Turnera ulmifolia (EETU)

As folhas 200g foram desidratadas sem exposicdo a luz solar e pulverizadas a

temperatura ambiente. O material pulverizado foi extraido por maceracdo, usando 1L de
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etanol a 95% como solvente a temperatura ambiente. A mistura descansou por 72h a
temperatura ambiente. O extrato foi filtrado e concentrado em evaporador rotativo a vacuo
sob 60°C de temperatura e 760mm/Hg de pressdo (BRASILEIRO et al., 2006). Cada 200g
de folhas obteve rendimento aproximado de 5-6g de extrato. Todos o0s extratos foram

diluidos usando 1 mL de DMSO.

4.3 Preparo das solucdes a partir do extrato

4.3.1 Preparo da solucéo inicial e das solucdes de teste.

O preparo da solucdo inicial das amostras foi efetuado da seguinte forma: 200 mg
dos extratos foram solubilizados em 1 mL de Dimetilsulfoxido (DMSO - Merck,
Darmstadt, Alemanha), para obter uma concentracdo inicial de 200 mg/mL. A partir desta
concentracdo, foi feito uma diluicdo 1:20 em agua destilada estéril (10 mg/mL). Em
seguida, uma nova diluicdo de 1:10 foi realizada em agua destilada estéril para a atingir a

concentracdo de 1024 pg/mL (solucdo teste).

4.4 Linhagens celulares utilizadas

Para estudos in vitro de T. cruzi, cepas de parasito CL-B5 (clone CL-B5) foram
usados (BUCKNER et al., 1996). Os parasitos estavelmente transfectados com o gene 8 -
galactosidase de Escherichia coli (LacZ ) foram gentilmente cedidos pelo Dr. F. Buckner
por meio do Instituto Comemorativo Gorgas (Panama). Os epimastigotas foram cultivados
a 28°C em infusdo de figado triptose (LIT) com 10% de soro fetal bovino (FBS), penicilina
e estreptomicina como descrito anteriormente (LE SENNE et al., 2002), e colhidas durante
a fase de crescimento exponencial.

Na avaliagdo in vitro da citotoxicidade foi utilizado linhagens de macrofagos J774.

As células foram cultivadas em meio RPMI 1640(Sigma) suplementado com 10% de FBS
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inativado pelo calor (30 minutos a 56°C), penicilina G (100 U/mL) e estreptomicina (100
mg/mL). Para os experimentos, as células na fase pré-confluéncia foram colhidas com
tripsina. As culturas celulares foram mantidas a 37°C em uma atmosfera de 5% CO,
umidificado. O procedimento para a medi¢do da viabilidade celular foi avaliada com
resazurina por um método colorimétrico descrito anteriormente (ROLON et al., 2006).

As cepas fangicas utilizadas nos testes in vitro foram Candida albicans ATCC
40227, C. krusei ATCC 40147, C. tropicalis ATCC 13803. As cepas foram obtidas da
colecdo de microrganismos do laboratério de Micologia da UFPB. Todas as linhagens
foram mantidas em meio de Agar infusdo de coracdo (HIA) (Difco), antes dos ensaios, as

células foram crescidas por 24h a 37°C em infusédo de cérebro e coracdo (BHI) (Difco).

4.5 Reagentes e Drogas

Resazurina sodica foi obtida a Sigma—Aldrich (St Louis, MO) e armazenada a 4°C
protegida da luz. A solucdo de resazurina foi preparada em solucdo de fosfato 1% (PBS),
pH 7, filtrada e esterilizada antes do uso. Clorofenol vermelho-B-D-galactopiranosideo
(CPRG; Roche, Indianapolis, IN) foi dissolvido em 0.9% Triton X- 100 (pH 7.4).
Penicilina G (Ern, S.A., Barcelona, Espanha), estreptomicina (Reig Jofr'e S.A., Barcelona,
Espanha). As drogas utilizadas como antifungico foram Anfotericina B (Sigma Co., St.
Louis, USA), Mebendazol (Figura 11) (Lasa — Indlstria Farmacéutica LTDA., Brasil),
Nistatina (Laboratério Teuto Brasileiro S/A, Brasil) e Metronidazol (Figura 11) (Prati,
Donaduzzi & Cia LTDA., Brasil). Todas as solucdes foram preparadas de acordo com as
recomendacdes do National committee for clinical laboratory standards — NCCLS (NCCLS

2003).
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4.6 Ensaio de susceptibilidade para as formas epimastigotas do Trypanosoma cruzi

O ensaio de rastreamento foi realizado em placas de microdiluicdo de 96 pocos
(Sarstedt, Sarstedt, Inc.) com culturas que ndo atingiram a fase estacionaria, como descrito
por VEGA et al., 2005. Epimastigotas foram semeadas a 1 x 10° por mililitro em 200 pl, as
placas foram entdo incubadas com os extratos a 28°C por 72 horas, momento em que 50
ul de solucdo CPRG foram adicionados para dar a concentracdo final de 200 uM, as placas
foram incubadas a 37°C por mais 6 h adicionais e entdo lidas a 595 nm em
espectrofotobmetro. O Nifurtimox foi utilizado como droga de referéncia. Cada
concentracdo foi testada em triplicata. Cada experimento foi realizado duas vezes
separadamente. O percentual de inibicdo (%AE) foi calculado como segue: %AE = [(AE _
AEB)/(AC _ ACB)] - 100, onde AE = absorvancia do grupo experimental; AEB = branco
de compostos; AC = grupo controle de absorvancia; ACB = branco de meio de cultura. As
solucdes dos extratos a ser analisado foram preparados em dimetilsufoxido, com a

concentracdo final uma mistura &gua/DMSO jamais excedendo 0.2% do solvente final.
4.7 Ensaio de citotoxicidade

Macréfagos J774 foram semeados (5 x 10* células/ poco) em placas de microdiluigdo
de fundo chato de 96 pocos com 100 ul de meio RPMI 1640. Deixou-se que as células
pavimentassem as placas por 24h a 37°C e atmosfera de 5% de CO,. O meio foi substituido
por diferentes concentracbes das drogas em 200 upl de meio e, em seguida, foram
incubados por mais 24h. Controles de crescimento também foram incluidos.
Posteriormente, um volume de 20 pl da solugdo 2mM de resazurina foi adicionado e as
placas foram devolvidas a incubadora por outras 3h para avaliar a viabilidade celular. A
reducdo da resazurina foi determinada por medida de absorbancia do comprimento de onda

a 490nm e 595nm. Cada concentracao foi testada trés vezes. Meio e drogas controle foram
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usados em cada teste como brancos. A citotoxicidade de cada composto foi estimada

através do célculo do percentual de citotoxicidade (C%).

4.8 Atividade antifungica e modulacéo

A concentracdo inibitéria minima (CIM) foi determinada em BHI 10% pelo método de
microdiluicio em caldo, usando uma suspensdo de 10° UFC/mL e concentracdes dos
extratos variando de 1024-8 pg/mL (JAVADPOUR et al., 1996). A CIM foi definida como
a menor concentracdo na qual nenhum crescimento microbiano foi observado. Para a
avaliacdo dos extratos como modificadores da resisténcia a antifingicos, a concentracao
subinibitoria (CIM/8) foi adicionado uma concentracdo da substancia teste variando de

1024/0,5 pg/mL. As placas foram incubadas por 24h a 37°C e entéo lidas visualmente.

|| o} CHj
H N\ g
N 7
)>—NH
N OH
Mebendazol Metronidazol

Figura 11: Estruturas quimicas de mebendazol e metronidazol.

4.9 Analises estatisticas

As andlises estatisticas foram realizadas usando o programa Prisma 5.0. As medidas
da concentracéo eficiente (CEsp), que representa a concentracdo da amostra necessaria para

matar 50% dos parasitas foram calculadas através da analise de regressdo linear pelo
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método dos minimos quadrados plotando a porcentagem da atividade efetiva versus as
concentracdes dos extratos de cada amostra. A CEs foi obtida pela resolucédo da equacéo
(substituindo o valor de Y por 50) que é a concentracdo necessaria para produzir metade
(50%) de um efeito maximo estimado em 100% para o extrato da planta (MENSOR,

2001).
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5. RESULTADOS E DISCUSSAO

Este é o primeiro relato de atividade antiepimastigota de Trypanosoma cruzi para 0s
extratos etandlicos de Eugenia jambolana, Eugenia uniflora, Hyptis martiusii, Mentha
arvensis e Turnera ulmifolia. MESIA et al (2008) mostraram que Momordica charantia
apresenta atividade contra T. cruzi, seu valor de ECsy foi similar ao nosso (37 = 3.5),
indicando que esta planta apresenta atividade anti T. cruzi em formas sanguineas. E.
jambolana apresentou a melhor atividade na concentracdo de 100 pug/mL entre os extratos
testados, porém, quando a concentra¢do diminuiu para 10 pg/mL a atividade apresentou
uma diminuigdo consideravel. Observando os niveis de citotoxicidade de E. jambolana n&o
houve grande modificacdo entre as concentracdes de 100 e 10 pg/mL, pois 0s niveis

continuaram moderados.

O extrato de E.uniflora apresentou um percentual de inibicdo de aproximadamente
80% na concentracdo de 100 pg/mL, quando a concentracdo da amostra caiu para 10
pg/mL a atividade foi maior que 50%, esse € um dado bastante relevante, pois a
citotoxicidade que ja era baixa em 100 pg/mL foi inexistente na concentracdo de 10
pg/mL. Esta atividade foi previamente relatada para a familia Myrtaceae. Siphoneugena
densiflora demonstrou um forte efeito contra T. cruzi, no entanto, seus compostos isolados

ndo mostraram atividade similar (GALLO et al., 2008).

H. martiusii apresentou uma atividade semelhante nas concentracdes de 100 e 10
pg/mL, mas a citotoxicidade também ndo apresentou grande reducdo quando passou de
100 para 10 pg/mL permanecendo em um nivel moderado. T. ulmifolia e M. arvensis
foram testadas em duas concentragdes (500 e 100 pg/mL), M. arvensis apresentou um
percentual de inibicdo proximo ou maior que 50% de inibicdo a uma concentracdo de 500
pug/mL, dado importante visto que uma inibicdo neste nivel com uma concentracdo de
500ug/mL é considerado clinicamente relevante (ROSAS et al. 2007). No entanto, M.
arvensis demonstrou um alto nivel de citotoxicidade na concentracdo de 500 pg/mL.
Outras espécies do género Mentha j& foram testadas contra T. cruzi. M. spicata demonstrou
atividade moderada e M. piperita foi inativa contra formas epimastigotas (ROJAS et al.
2007). T. ulmifolia ndo foi capaz de inibir 50% da amostra a uma concentracdo de 500

pg/mL e o nivel de citotoxicidade nesta concentracdo foi considerado alto.
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Os extratos vegetais possuem diversos fitoconstituintes, estes podem estar
interagindo de forma a aumentar ou diminuir determinada atividade, além disso, existe
uma grande diferenca ao se testar determinada substancia em modelos in vitro e in vivo.
Todas as plantas utilizadas neste estudo possuem reconhecidas atividades bioldgicas e sao
rotineiramente usadas na medicina tradicional, esse fato sugere que testes de toxicidades
devem ser realizados em modelos in vivo. Deste modo, novos testes devem ser realizados
em modelos in vivo tanto com o extrato, quanto com fracbes e até mesmo substancias

isoladas dos mesmos.

O extrato de M. charantia ndo apresentou atividade clinicamente relevante quando
testada contra as cepas de Candida albicans, Candida krusei e Candida tropicalis, a
Concentracdo Inibitéria Minima foi > 1024. No entanto, quando o extrato foi testado em
uma concentracdo sub-inibitéria com as drogas anfotericina B, mebendazol, nistatina e
metronidazol apresentou um efeito modulatério para a droga metronidazol, diminui dois
pontos da CIM da droga contra a cepa C. tropicalis. Este é o primeiro relato de
potencializacdo da atividade da droga metronidazol combinado com o extrato de M.
charantia. Esse efeito de potencializacdo de aminoglicosideos ja foi demonstrado pelo
extrato de M. charantia contra bactérias multiresistentes (COUTINHO et al., 2010c,f).

A CIM de E. jambolana foi > 1024, esse dado ndo ¢ considerando clinicamente
relevante, porém quando o extrato foi testado em uma concentra¢do sub-inibitéria com a
droga metronidazol foi capaz de diminuir em dois pontos a CIM da droga para a cepa C.
albicans. BRAGA et al (2007) avaliou o extrato metandlico de E. jambolana contra as
leveduras C. albicans e Cryptococcus neoformans, o extrato apresentou atividade
antimicrobiana de relevéncia clinica somente contra C. neoformans, demonstrado uma
CIM de 78ug/mL. A atividade potencializadora de aminoglicosideos ja foi demonstrada
pelo extrato de E. jambolana contra bactérias multiresistentes (COUTINHO et al., 2009a;
2010a,b).

O extrato etandlico de E. uniflora apresentou uma CIM > 1024. No entanto, quando
0 extrato foi testado em uma concentragdo sub-inibitéria com a droga metronidazol foi
capaz de diminuir em dois pontos a CIM da droga para a cepa C. tropicalis. HOLETZ et al
(2002) testou E. uniflora contra as leveduras C. albicans, C. krusei, C. parapsilosis e C.
tropicalis, e demonstrou atividade de relevancia clinica contra estas cepas, exceto para C.

albicans. Outros estudos utilizando o 6leo essencial de E. uniflora demonstraram atividade
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contra dermatofitos (LIMA et al., 1993). Estes resultados poderiam indicar que 0s
fitoconstituintes extraidos com etanol ndo demonstram atividade contra as cepas testadas.
Este € o primeiro relato de potencializacdo de uma droga antifingica quando combinada
com o extrato de E. uniflora. A atividade potencializadora de aminoglicosideos ja foi
demonstrada pelo extrato de E. uniflora contra bactérias multiresistentes (COUTINHO et
al., 2010b,c)

Este é o primeiro relato de atividade e potencializacdo da atividade de uma droga
antifungica combinada com um extrato de H. martiusii. A atividade potencializadora de
aminoglicosideos ja foi demonstrada pelo extrato de H. martiusii contra bactérias
multiresistentes (COUTINHO et al., 2008a, 2009a,d,¢).

Os extratos de M. arvensis e T. ulmifolia ndo mostraram atividade antifingica
contra as cepas de leveduras testadas, apresentando a CIM >1024. Nenhum efeito
modulatorio foi observado para os antifangicos anfotericina B e nistatina, pois a CIM
permaneceu a mesma que o controle feito apenas com os antifungicos. A potencializacao
da atividade antifingica contra C. tropicalis foi demonstrado com metronidazol, quando
combinado com M. arvensis e T. ulmifolia. A atividade potencializadora de
aminoglicosideos ja foi demonstrada pelos extratos de M. arvensis e T. ulmifolia contra
bactérias multiresistentes (COUTINHO et al., 2009b; 2010c).

Os extratos de vérias plantas, tais como Himatanthus articulates (SEQUEIRA et
al., 2009), Mentha longifolia (AL-BAYATI 2009), Malva sylvestris e Psidium guajava
(ALVES et al., 2009), foram testados contra leveduras do género Candida e representam

uma alternativa na busca de um tratamento para candidose.

Muitas pesquisas tém abordado a utilizacdo combinada de drogas, seja sintética ou
de origem vegetal, essa nova abordagem tem sido (til no tratamento de doengas infecciosas
causadas por microrganismos resistentes. Estudos com extratos de plantas tém mostrado
uma interessante atividade quando combinada a antimicrobianos atualmente utilizados,

aumentando a sensibilidade do microrganismo resistente a determinada droga.

Dentro dessa perspectiva, novos ensaios in vivo devem ser realizados com fragdes e

substancias isoladas a partir dos extratos que mostraram o menor efeito tdxico e maior
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atividade, além de avaliar essa atividade isolada deste material € interessante utilizar
associaces com as drogas utilizadas na quimioterapia especifica da doenga de Chagas.
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5.1 Atividades tripanocida, citotdxica e antifungica de Momordica charantia

RESUMO

Contexto: A doenca de Chagas, causada por Trypanosoma cruzi, é considerada um
problema de salde puablica. Atualmente, a quimioterapia € 0 Unico tratamento
disponivel para esta doenca, e os medicamentos usados atualmente, nifurtimox e
benzonidazol apresentam niveis elevados de toxicidade. Uma alternativa para substituir
esses medicamentos sdo extratos naturais de Momordica charantia (Cucurbitaceae),

utilizada na medicina tradicional devido as suas atividades antimicrobianas e bioldgicas

Objetivo: Neste estudo, o extrato de Momordica charantia foi avaliado quanto a

atividade antiepimastigota, antifungica e citotoxica.

Material e métodos: O extarto etandlico das folhas de M. charantia foi preparado. Para
a pesquisa da atividade antiepimastigota in vitro, T. cruzi clone CL-B5 foi usado.
Epimastigotas foram inoculados em uma concentracéo de 1 X 10° células/mL em 200 pl
de infusdo de figado e triptose. Para o ensaio de citotoxicidade macréfagos J774 foram
usados. A atividade antifingica foi avaliada pelo método de microdiluicdo usando as

cepas Candida albicans, C. tropicalis e C. krusei.

Resultados: A concentracdo eficiente capaz de matar 50% dos parasitas (ICsp) foi 46,06
pg/mL. A concentragdo inibitéria minima (CIM) foi > 1024 pg/mL. Metronidazol
mostrou uma potencializacdo do seu efeito antifingico quando combinado com o

extrato de M. charantia.

Concluséo: Nossos resultados indicam que M. charantia poderia ser uma fonte de
produtos naturais derivados de plantas com atividade antiepimastigota, e moduladora de

antifungicos com toxicidade moderada.

Palavras-chave: Doencga de Chagas, atividade antiepimastigota, atividade moduladora,

Candida spp

Artigo aceito na Pharmaceutical Biology
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Abstract

Context: Chagas disease, caused by Trypanosoma cruzi, is considered a public health
problem. Currently, chemotherapy is the only available treatment for this disease, and
the drugs currently used, nifurtimox and benzonidazol present high toxicity levels. An
alternative for replacing these drugs are natural extracts from Momordica charantia
(Cucurbitaceae), used in traditional medicine due to their antimicrobial and biological

activities.

Obijective: In this study the extract of Momordica charantia we evaluated for its

antiepimastigote, antifungal and cytotoxic activities.

Materials and methods: An ethanol extract of leaves from M. charantia was prepared.
To research in vitro antiepimastigote activity, T. cruzi CL-B5 clone was used.
Epimastigotes were inoculated at a concentration of 1 X 10° cells/mL in 200 pl triptose-
liver infusion. For the cytotoxicity assay J774 macrophages were used. The antifungal
activity was evaluated by microdilution using strains of Candida albicans, C. tropicalis
and C. krusei.

Results: The effective concentration capable of killing 50% of parasites (ICsp) was
46.06 pg/mL. The minimum inhibitory concentration (MIC) was < 1024 ng/mL.
Metronidazole shown a potentiation of its antifungal effect when combined with extract
of M. charantia.

Conclusion: Our results indicate that M. charantia could be a source of plant-derived
natural products with antiepimastigote and antifungal modifying activity with moderate

toxicity.

Keywords: Chagas disease, antiepimastigote activity, modifying activity, Candida spp.

Introduction

Developing countries with abundant traditional knowledge and rich biodiversity, as in
the case of Brazil, still grapple with a high incidence of so-called “neglected diseases,”
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such as tuberculosis, malaria and Chagas disease (Funari & Ferro, 2005), diseases with
the potential to be treated with natural products of plant origin. Brazil has the largest
biodiversity in the world, with more than 55,000 species of plants catalogued, out of an
estimated total of 550,000 species (Elisabetsky & Costa-Campos), but only 8% have

been studied in the search for bioactive compounds (Garcia et al., 1996).

Chagas disease, caused by Trypanosoma cruzi, affects about 18 million people in
the Americas (Reyes-Chilpa et al., 2008). The parasite can be transmitted to humans by
triatomine insects, foods contaminated their feces, blood transfusion or organ
transplants from infected donors and the transplacental route from a contaminated
mother to her newborn (WHO, 2010). Currently, chemotherapy is the only treatment
available for this disease, where the most utilized drugs are nifurtimox and
benzonidazol (WHO, 2010), which show a 50-70% cure rate in the acute phase and less
than 20% in the chronic phase (Dias & Dessoy, 2009). Various studies involving the
analysis of plant extracts have revealed an alternative source with potential against T.
cruzi, for example, extracts of Arrabidaea triplinervia (Mart. ex DC.) Baill.
(Bignoniaceae) (Leite et al., 2006), Dracocephalum kotschyi (Saeidnia et al., 2004) and
Azorella compacta Phil. (Apiaceae) (Araya et al., 2003).

The evaluation of the toxicity of active substances is one of the first steps for the
utilization of these compounds in animal models. The drugs currently utilized for
Chagas disease show a high toxicity because the metabolites produced affect host

tissues due to their high reactivity (Dias & Dessoy, 2009).

Candidiasis or candidosis is the most frequent infection by opportunistic fungi,
where the species commonly implicated in the clinical picture are: Candida albicans, C.
tropicalis, C. parapsilosis, C. glabrata and C. krusei. The spectrum of candidiasis is
very extensive, going from mild manifestations, such as a colonization of mucosal
tissues, up to systemic pictures, with the invasion of various organs (Coutinho, 2009a).
These yeasts are part of the normal microbiota, becoming pathogenic in cases such as
congenital or acquired immunodeficiency and immunosuppression induced by severe
stress (Dignani et al., 2003). A variety of extracts have been extensively studied in the
search for alternative treatments for these opportunistic infections, as in the case of

Himatanthus articulates (Vahl) R. E. Woodson (Apocynaceae) (Sequeira et al., 2009),

Artigo aceito na Pharmaceutical Biology



44

Mentha longifolia (L.) Huds. (Labiatae) (Al-Bayati, 2009), Malva sylvestris L.
(Malvaceae) and Psidium guajava L. (Myrtaceae) (Alves et al., 2009).

Momordica charantia L. (Cucurbitaceae), is a herb popularly known in the
Brazil as “melao-de-S&o-Caetano”. This plant is commonly found in other tropical areas
of Asia, America and Africa. Several flavonoids with pharmacological and biological
activities have been identified in M. charantia (Grover & Yadav, 2004; Coutinho et al.,
2009b,c). M. charantia, it has been well studied because of its potential as an
antioxidant (Coutinho et al., 2010a), antimicrobial (Roopashree et al., 2008; Faria et al.,
2009), antidiabetic and antilipidemic (Fernandes et al., 2007), immunomodulatory
activity (Juvekar et al., 2009), antinflammatory (Umukoro & Ashorobi, 2006).

Therefore, due to the social and economic importance of Chagas’ disease and the
increase in the number of individuals with immunodeficiency, such as in the case of
seropositives, we evaluated here the antiepimastigote, antifungal and cytotoxic activities

of Momordica charantia.

Methods

Plant material

Leaves of M. charantia were collected in the rainy season (April, 2008) in the county of
Crato, Cearéa State, Brazil. The plant material was identified by Dra. Arlene Pessoa, and
voucher specimen have been deposited with the identification number 703 at the
Herbarium “Dardano de Andrade Lima” of Universidade Regional do Cariri — URCA.

Preparation of ethanol extract of Momordica charantia (EEMC)

Leaves (200 g) were dried with no sunlight exposition and powdered at room
temperature. The powdered material was extracted by maceration using 1 L at 95% as
solvent at room temperature. The mixture was allowed to stand for 72 h at room
temperature. The extract was then filtered and concentrated under vacuum in a rotary
evaporator under 60°C and 760 mm/Hg of temperature and pressure, respectively
(Brasileiro et al., 2006). Each 200 g of aerial parts yield 5-6 g of extract. The EEMC
was diluted using DMSO.
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Cell strains used

For in vitro studies of T. cruzi, the clone CL-B5 was used (Buckner et al., 1996). The
parasites, stably transfected with the Escherichia coli -galactosidase gene (lacZ), were
kindly provided by Dr F. Buckner through Instituto Conmemorativo Gorgas (Panama).
Epimastigotes were grown at 28°C in liver infusion tryptose broth (Difco, Detroit, MI)
with 10% fetal bovine serum (FBS) (Gibco, Carlsbad, CA), penicillin (Ern, S.A,,
Barcelona, Spain) and streptomycin (Reig Jofré S.A., Barcelona, Spain), as described
previously (Le Senne et al., 2002), and harvested during the exponential growth phase.
Murine J774 macrophages were grown in plastic 25 pl flasks in RPMI 1640 medium
(Sigma) suplemented with 20 % heat inactivated (30 min, 56°C) fetal bovine serum
(FBS) and penicillin G (100 U/ml) and streptomycin (100 pg/ml) in a humidified 5%
C02/95% air atmosphere at 37°C and subpassaged once a week. For the experiments,
cells in the pre-confluence phase were harvested with trypsin. Cell cultures were
maintained at 37°C in a humidified 5% CO; atmosphere. The procedure for cell
viability measurement was evaluated with resazurin by a colorimetric method described
previously (Rolon et al., 2006). The fungal strains utilized were Candida albicans
ATCC 40227, C. krusei ATCC 40147 and C. tropicalis ATCC 13803. The strains were
obtained from the collection of microorganisms, Mycology Laboratory, UFPB. All
strains were maintained in heart infusion agar slants (HIA; Difco), and before the

assays, the cells were grown for 24 h at 37°C in brain heart infusion (BHI, Difco).

Reagents

Resazurin sodium salt was obtained from Sigma-Aldrich (St Louis, MO) and stored at
4°C protected from light. A solution of resazurin was prepared in 1% phosphatebuffered
solution (PBS), pH 7, and filter sterilised prior to use. Chlorophenol red-p-D-
galactopyranoside (CPRG; Roche, Indianapolis, IN) was dissolved in 0.9% Triton X-
100 (pH 7.4). Penicilina G (Ern, S.A., Barcelona, Spain), estreptomicina (Reig Jofré
S.A., Barcelona, Spain). The antifungal drugs used were anphotericin B (Sigma Co., St.
Louis, USA), mebendazole (Lasa — Pharmaceutical Industries LTDA., Brazil), Nistatin
(Laboratério Teuto brasileiro S/A, Brazil) e metronidazole (Prati, Donaduzzi & Cia
LTDA., Brazil). All sollutions were prepared following the recomendations of National
committee for clinical laboratory standards - NCCLS (NCCLS, 2008).
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Epimastigote susceptibility assay

The screening assay was performed in 96-well microplates with cultures that had not
reached the stationary phase, as described (Vega et al., 2005). Briefly, epimastigotes
were seeded at 1 X 10° mL™ in 200 pL of liver tryptose broth medium. The plates were
then incubated with the drugs (0.1-50 pg/mL) at 28°C for 72 h, at which time 50 pL of
CPRG solution was added to give a final concentration of 200 uM. the plates were
incubated at 37°C for an additional 6 h and were then read at 595 nm. Nifurtimox was
used as the reference drug. Each concentration was tested in triplicate. Each experiment
was performed twice separately. The efficacy of each compound was estimated by

calculating the antiepimatigote percentual (AE%).
Cytotoxicity assays

Macrophages J774 were seeded (5 X 10* cells/well) in 96-well flat-bottom microplates
with 100 pl of RPMI 1640 medium. The cells were allowed to attach for 24 h at 37°C,
5% CO, and the medium was replaced by different concentrations of the drugs in 200 pl
of medium, and exposed for another 24 h. Growth controls were also included.
Afterwards, a volume 20 pl the 2 mM resazurin solution was added and plates were
returned to incubator for another 3 h to evaluate cell viability. The reduction of
resazurin was determined by dual wavelength absorbance measurement at 490 nm and
595 nm. Background was subtracted. Each concentration was assayed three times.
Medium and drug controls were used in each test as blanks. The cytotoxicity of each

compound was estimated by calculating the cytotoxic percentile (C%).
Antifungal and modulatory activity

The minimal inhibitory concentration (MIC) was determined in 10% BHI by the
microdilution method, using a suspension of 10°> CFU/ml and an extract concentration
of 1024-8 ng/ml (NCCLS, 2008). MIC is defined as the lowest concentration at which
no microbial growth is observed. For the evaluation of the extracts as modifiers of
resistance to antifungals, a subinhibitory concentration (MIC/8) was added to a
concentration of the test substance varying 1024-0.5 pg/ml. The plates were incubated
for 24 h at 37°C.
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Statistical analysis

The statistical analysis was realized using Prism program 5.0. The groups were
compared using two-way ANOVA, with Bonferroni analysis. The effective

concentration (ICsp) was calculated by the linear regression method.

Results

The trypanocidal activity of EEMC is shown in Table 1. The results
demonstrated that there was activity against the strain CL of T. cruzi, showing 81.33%
inhibition at a concentration of 100 pg/mL and an 1Cso = 46.06 pg/mL, which was quite
impressive since an ECsg less than 500 pg/mL is considered clinically relevant (Rosas et
al., 2007). J774 macrophages were utilized to evaluate the cytotoxicity and the results
are presented in Table 1. A toxicity of 25% was observed at a concentration of 100

pg/mL and toxicity was reduced to 16% with 10 pg/mL.

The antifungal activity of EEMC is shown Table 2. The minimal inhibitory
concentration was > 1024 pg/mL, which did not demonstrate activity of clinical
relevance with respect to the yeast strains tested (Houghton et al., 2007). No modulatory
effect was observed with respect to amphotericin B, nystatin and mebendazole, because
MIC was the same as the control with only the antifungals. Potentiation of antifungal
activity against C. tropicalis was demonstrated with metronidazole when combined with
EEMC, where MIC was reduced to 32 pg/mL.

Discussion

Mesia et al. (2008) showed the activity of M. charantia against T. cruzi. The IC
values on this work were similar to ours (ICsp 37 = 3.5), indicating the trypanocide
activity of this plant. About the cytotoxic activity, our extract presented a toxic effect
higher than the observed on the work of Mesia et al. (2008). This may be due the
different experimental and geographic conditions between these works. Other plants of
the Brazilian flora have shown substantial trypanocidal activity, such as extracts and
fractions of Ampelozizyphus amazonicus Ducke (Rhamnaceae), a native plant of the
Amazon forest, containing compounds with potential for use as a prophylactic agent

against the parasite (Rosas et al., 2007). The ethyl acetate fraction of the aqueous extract
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of leaves of Camellia sinensis L. (Theaceae) and the principal components of this
fraction (catechins) demonstrated a trypanocidal effect against trypomastigote and
amastigote forms (Paveto et al., 2004). Trypanocidal activity has been reported in native
plants of Iran, such as Dracocephalum komarovi Lipsky (Lamiaceae) (Saeidnia et al.,
2004), and of Asian countries, such as Vitex trifolia L. (Verbenaceae) (Kiuchi et al.,
2004). Studies involving the analysis of extracts of other plants have also revealed a
potential effect against T. cruzi, for example, extracts of Arrabidaea triplinervia (Mart.
ex DC.) Baill. (Bignoniaceae) (Leite et al., 2006) and Azorella compacta Phil.
(Apiaceae) (Araya et al., 2003).

An important criterion in the search for active compounds with trypanocidal
activity is its toxicity toward mammalian host cells. The macrophage strain J774 is
often utilized as a cytotoxicity indicator due to their phagocytic capacity. M. charantia
showed moderate and low toxicities using 100 pg and 10 pg of the extract, respectively
in the J774 macrophages (Table 1). This result indicates the necessity of new
experiments in vivo to determine the effect of this toxicity in a living system.

The cytotoxic activity of other plants has been evaluated in different human cell
models, such as: compounds isolated from Calophyllum brasiliense Cambess.
(Clusiaceae), tested in human lymphocytes (Reyes-Chilpa et al., 2008); extracts and
fractions of Capparis spinosa L. (Capparaceae), Kleinia odora (Forssk)DC (Asteraceae)
and Psidia punctulata (DC.) Oliv. & Hiern ex Vatke. (Compositae), tested in MRC-5
cells (Abdel-Sattar et al., 2010); and neolignans such as licarin A and burchellin,
evaluated in peritoneal macrophages (Cabral et al., 2010). The extract of Momordica
charantia appears to be promising in the development of more effective therapies,
mainly due to the moderate level of toxicity in vitro, which allows us to proceed with in

vivo studies for drug evaluation.

There are reports about the antifungal activity against Candida albicans of
Himatanthus articulatus (Sequeira et al., 2009), Mentha longifolia (Al-Bayati, 2009),
Malva sylvestris and Psidium guajava (Alves et al., 2009), using disk diffusion method
(Mwambete, 2009), representing an alternative in the treatment of candidosis. However,
this is the first report of potentiation of the activity of an antifungal drug combined with
a M. charantia extract. The potentiating effect of the extracts of M. charantia and of
other plants has been demonstrated against bacteria showing multidrug resistance with

Artigo aceito na Pharmaceutical Biology



49

respect to antibiotics (Coutinho et al., 2009b, c, d, e; 2010b, c, d). This strategy is called
"herbal shotgun™ or " synergistic multi-effect targeting” and refers to the utilization of
plants and drugs in an approach using mono- or multi-extract combinations, which can
affect not only a single target but various targets, where the different therapeutic
components collaborate in a synergistic-agonistic manner. This approach is not only
meant for combinations of extracts; combinations between natural products or extracts
and synthetic products or antibiotics are also possible (Coutinho et al., 2008; Wagner &
Ulrich-Merzenich, 2009).

Our results indicate that Momordica charantia could be a source of plant-
derived natural products with antiepimastigote and antifungal- modifying activity with
moderate toxicity, representing an interesting alternative in efforts to combat infectious

diseases such as candidiasis and Chagas disease.
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Table 1:
Percent of anti-Trypanosoma activity induced by extracts of Momordica charantia
against the epimastigote form of Trypanosoma cruzi CL-B5 strain

Extract Concentration %AE %SD % C | [OF)
(Hg/mL)
EEMC 100 81,33 0,25 25
10 37,15 0,56 16 46,06
1 2,46 0,75 10
Nifurtimox 10 89,1 3,3 -
1 54,9 0,7 - 0,91
0,5 45,6 4,2 -

%AE — anti-epimastigote activity, %SD — standard deviation, % C — cytoxic activity,
ICsp — concentration of extract needed to necessary to inhibit 50% of the cell
concentration.

Table 2:
Antifungal and modulation activity of Momordica charantia against the yeast strains of
C. albicans, C.krusei and C. tropicalis

C. albicans C.krusei C.tropicalis
Extract/antifungal alone +EEMC alone +EEMC alone +EEMC
EEMC >1024 - >1024 - >1024 -
Amphotericin B >1024 >1024 >1024 >1024  >1024 >1024
Mebendazole >1024 >1024 >1024 >1024  >1024 >1024
Nystatin >1024 >1024 >1024 >1024  >1024 >1024
Metronidazole 64 64 >1024  >1024 128 32
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5.2 Atividades citotdxica, tripanocida e antifungica de Eugenia jambolana L.

RESUMO

A doenca de Chagas, causada por Trypanosoma cruzi, é considerada um problema de
salde publica. Atualmente, a quimioterapia € o Unico tratamento disponivel para esta
doenca, e os medicamentos usados atualmente, nifurtimox e benzonidazol apresentam
niveis elevados de toxicidade. Uma alternativa para substituir esses medicamentos sao
extratos naturais de Eugenia jambolana, planta utilizada na medicina tradicional devido
as suas atividades antimicrobianas e bioldgicas. O extrato etandlico das folhas de E.
jambolana foi preparado. Para a pesquisa da atividade antiepimastigota in vitro, T. cruzi
clone CL-B5 foi usado. Epimastigotas foram inoculados em uma concentracdo de 1 X
10° células/mL™ em 200 pl de infusdo de figado e triptose. Para o ensaio de
citotoxicidade macréfagos J774 foram usados. Para a atividade antifngica, Candida
albicans, C. tropicalis e C. krusei foram utilizados. Este é o primeiro relato de atividade
tripanocida para E. jambolana. A concentracdo eficiente capaz de matar 50% dos
parasitas (ECsp) foi 56,42 pg/mL. A CIM - concentragdo inibitéria minima foi > 1024.
Metronidazol mostrou uma potencializacdo do seu efeito antifingico quando combinado
com o extrato etandlico de E. jambolana. Nossos resultados indicam que E. jambolana
poderia ser uma fonte de produtos naturais derivados de plantas com atividade

antiepimastigota, e moduladora de antifingicos com toxicidade moderada.

Palavras-chave: Doenca de Chagas, Eugenia jambolana, atividade antiepimastigota,

citotoxicidade, atividade antifungica, atividade moduladora
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ABSTRACT

Chagas’ disease, caused by Trypanosoma cruzi, is considered a public health problem.
Nowadays, chemotherapy is the only available treatment for this disease, and the drugs
currently used, nifurtimox and benzonidazol present high toxicity levels. An alternative
for replacing these drugs are natural extracts from Eugenia jambolana, plant used in
traditional medicine due to their antimicrobial and biological activities. An ethanolic
extract from E. jambolana was prepared. To research in vitro antiepimastigote activity,
T. cruzi CL-B5 clone was used. Epimastigotes were inoculated at a 1x10° mL*
concentration in 200l triptose-liver infusion. For the citotoxicity assay J774
macrophages were used. For the antifungal activity, Candida albicans, C. tropicalis and
c. krusei were used. This is the first record of tripanocide activity for E. jambolana.
Effective concentration capable of killing 50% of parasites (CE50) was 56,42 pg/mL.
The MIC — minimum inhibitory concentration was < 1024. Metronidazole showed a
potentiation of its antifungal effect when combined with ethanol extract of E.
jambolana. Our results indicate that E. jambolana could be a source of plant-derived
natural products with antiepimastigote and antifungic modifying activity with moderate

toxicity.

Keywords: Chagas’ disease, Eugenia jambolana, antiepimastigote activity, citotoxicity,
antifungal activity, modifying activity.

Introduction

Developing countries with traditional use of the biodiversity as medicine,
including Brazil, still suffer with the so-called “neglected diseases,” such as
tuberculosis, malaria and Chagas disease *, which are treated by traditional communities
with plant natural products. Brazil features the largest biodiversity in the world ?,

however only 8% have been studied in search for bioactive compounds *.

Chagas disease, caused by Trypanosoma cruzi, affects about 18 million people in
the Americas *. This parasite can be transmitted to humans by triatomine insects, foods,

blood and organs from infected donors, or by transplacental contamination °. Currently,
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the chemotherapy of this disease consists mainly of nifurtimox and benzonidazole °,
which show a cure rate of 70-50% in the acute phase and less than 20% in the chronic

phase °

. Several studies involving the analysis of natural plant products have
recommended them as alternative sources of drugs against T. cruzi, including

Arrabidaea triplinervia, Dracocephalum kotschyi and Azorella compacta .

The evaluation of the toxicity of active substances is one of the first steps for the
utilization of these compounds in animal models. The drugs currently utilized for
Chagas’ disease show a high toxicity because the metabolites produced affect host

tissues due to their high reactivity®.

Candidiasis is the most frequent infection caused by opportunistic fungi. The
main species associated with this disease are Candida albicans, C. tropicalis, C.
parapsilosis, C. glabrata and C. krusei. The clinical features of candidiasis are quite
diverse, varying between mucosal colonization to the invasion of several internal
organs™. These yeasts remain in the microbiota, becoming pathogenic in cases such as
congenital or acquired immunodeficiency and immunosuppression **. Several natural
products have been studied extensively in the search for alternative treatments for these
fungi, including Himatanthus articulatus, Mentha longifolia, Malva sylvestris and
Psidium guajava ***.

Eugenia jambolana (Myrtaceae), known in Brazil as “jamboldo” and “oliva”,
presents several scientific synonims as Syzygium cumini and S. jambolanum®. This
plant is used as a food and in the traditional medicine due its biological properties'®*’.
Natural products of E. jambolana show biological activities reported in the literature:
hipoglicemic'®,  hepatoprotective’®,  antiulcer®,  antinematode?,  phototoxic?,
antibacterial®®, modulatory of antibiotic activity** and antioxidant activity®>. Many
compounds from the leaves of E. jambolana were isolated, as alkaloids, tannins,

phlobatannins, triterpenes ande saponins®.

Eugenia jambolana is used in the phytotherapy as dry or hydroethanol extract®’.
These natural products are indicated against diarrhea and show anti-inflammatory,
adstringent, carminative and hypoglycemic activities?’. Besides its use by the traditional
medicine, the “jambolao” is very consumed in several forms as pies, drinks, juices and

wine?,
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Thus, due to the social and economic importance of Chagas disease and
candidiasis as neglected diseases and the medicinal use of this fruit in ethnomedicine,
this work evaluated the anti-Trypanosoma, antifungal and cytotoxic activities of

Eugenia jambolana.
Materials and methods
Plant material

Leaves of E. jambolana were collected in the rainy season (April, 2008) in the
county of Crato, Ceara State, Brazil. The plant material was identified by Dra. Arlene
Pessoa, and voucher specimen have been deposited with the identification number 3107

at the Herbarium “Dardano de Andrade Lima” of Universidade Regional do Cariri —

URCA.
Preparation of Ethanol Extract of Eugenia jambolana (EEEJ)

200 g of leaves were dried with no sunlight exposition and powdered at room
temperature. The powdered material was extracted by maceration using 1 L of 95%
ethanol as solvent at room temperature. The mixture was allowed to stand for 72 h at
room temperature. The extract was then filtered and concentrated under vacuum in a
rotary evaporator under 60°C and 760mm/Hg of temperature and pressure,
respectively®®. Each 200 g of aerial parts yield 5 - 6 g of extract. The EEEJ was diluted
using DMSO.

Cell strains used

For in vitro studies of T. cruzi, the clone CL-B5 was used®. The parasites
transfected with the Escherichia coli B-galactosidase gene (lacz), were kindly provided
by Dr F. Buckner through Instituto Conmemorativo Gorgas (Panama). The
epimastigotes were cultivated at 28°C in Liver Infusion Tryptose broth (Difco, Detroit,
MI), supplemented with 10% fetal bovine serum (FBS) (Gibco, Carlsbad, CA),
penicillin (Ern, S.A., Barcelona, Spain) and streptomycin (Reig Jofré S.A., Barcelona,
Spain), as described previously®!, and harvested during the exponential growth phase.
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Murine J774 macrophages were used to evaluate the cytotoxic potential of the
extract. This cell strain was grown in plastic 25 pl flasks with RPMI 1640 medium
(Sigma) supplemented with 20% fetal bovine serum (FBS), heat inactivated (30 min,
56°C), penicillin G (100 U/ml) and streptomycin (100 pg/ml) in a humidified, with 5%
CO,/95% air atmosphere at 37°C. For the assay, cells in the pre-confluence phase were
harvested with trypsin and kept at 37°C in a humidified 5% CO; atmosphere. The cell
viability measurement was a colorimetric method using resazurin as described

previously™.

The fungic strains utilized in the assays were Candida albicans ATCC 40227, C.
krusei ATCC 40147 and C. tropicalis ATCC 13803. The strains were obtained from the
Clinical Mycology Laboratory, UFPB, Brazil. All strains were maintained in Heart
Infusion Agar slants (HIA; Difco), and prior to the assays, the cells were grown for 24 h
at 37°C in Brain Heart Infusion (BHI, Difco).

Reagents

Resazurin sodium salt was obtained from Sigma—Aldrich (St. Louis, MO, USA)
and stored at 4°C protected from light. The resazurin solution was prepared using 1%
phosphate buffered solution (PBS), pH 7, and sterilized by filtration prior to use.
Chlorophenol red-p-D-galactopyranoside (CPRG; Roche, Indianapolis, IN, USA) was
dissolved in 0.9% Triton X- 100 (pH 7.4). The solutions of antibiotics Penicillin G (Ern,
S.A., Barcelona, Spain), streptomycin (Reig Jofré S.A., Barcelona, Spain) and the
antifungal drugs Amphotericin B (Sigma Co., St. Louis, USA), Mebendazole (Lasa —
Pharmaceutical Industries LTDA., Brazil), Nystatin (Laboratério Teuto brasileiro S/A,
Brazil) and Metronidazole (Prati, Donaduzzi & Cia LTDA., Brazil) were prepared
following the recommendations of the National Committee for Clinical Laboratory
Standards — NCCLS®,

Epimastigote susceptibility assay

The screening assay was performed in 96-well microplates with cultures that had
not reached the stationary phase, as described. Briefly, epimastigotes were seeded at 1
x 10° mL in 200uL of Liver Tryptose Broth medium. The plates were incubated with
the drugs in concentrations ranging between 0.1-50 pg/mL, at 28°C for 72 h, at which
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time 50 pL of CPRG solution was added to reach a final concentration of 200 uM. The
plates were incubated at 37°C for 6 h and were evaluated using a spectrophotometer at
595 nm. Nifurtimox was used as the reference drug. Each concentration was tested in
triplicate. Each experiment was performed twice separately. The efficacy of each

compound was estimated by calculating the anti-epimastigote percentage (AE%).
Cytotoxicity assays

J774 macrophages were seeded (5 x 10* cells/well) in 96-well flat-bottom
microplates with 100 ul of RPMI 1640 medium. The cells were allowed to attach for 24
h in a humidified, with 5% CO,/95% air atmosphere at 37°C. The medium was replaced
by 200 ul of medium with different concentrations of the drugs and exposed for another
24 h. Growth controls were also included. Next, 20 pl of resazurin solution with 2 mM
were added and the plates were returned to the incubator for another 3 h. Resazurin
reduction was determined by dual wavelength absorbance measurements at 490 and 595
nm, respectively. Each concentration was assayed three times. Medium and drug
controls were used in each test. The cytotoxicity of each compound was estimated by

calculating the cytotoxic percentage (C%).
Antifungal and modulatory activity

The Minimal Inhibitory Concentration (MIC) was determined using 10% BHI by
the microdilution method and suspensions with 10° CFU/ml and an extract
concentration ranging between 1024-8 pg/ml *. MIC is defined as the lowest
concentration at which no microbial growth is observed. For evaluation of the extracts
as modulators of resistance to antifungals, a subinhibitory concentration (MIC/8) was
mixed with the antifungal drug assayed, in which the concentration varied between
1024-0.5 pg/ml. The plates were incubated for 24 h at 37°C.

Statistical analysis

The statistical analysis was realized using Prism program 5.0. The effective

concentration (ECsp) was calculated by the linear regression method.
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Results and discussion
T. cruzi epimastigote susceptibility assay

The trypanocidal activity of EEEJ is shown in Table 1. The results demonstrated
that there was activity against the strain CL of T. cruzi, showing 100% inhibition at a
concentration of 100 pg/mL and an EC50 = 56,42 pug/mL, which was quite impressive
due the fact that ECs, lower than 500 pg/mL is considered clinically relevant *°.

This is the first report of trypanocidal activity for E. jambolana. This activity
was previously reported for the family Myrtaceae. Siphoneugena densiflora showed a
strong effect against T. cruzi; however, its isolated compounds did not show similar
activity *’. Other plants of the Brazilian flora have shown substantial trypanocidal
activity, such as Ampelozizyphus amazonicus, a plant native to the Amazon forest,
containing compounds with potential for use as a prophylactic agent against that
parasite *°. The ethyl acetate fraction of the aqueous extract of Camellia sinensis leaves
and the principal components of this fraction (catechins) demonstrated anti-trypo and
amastigote forms . Trypanocidal activity has also been reported for Dracocephalum

komarovi, Vitex trifolia, Arrabidaea triplinervia and Azorella compacta "°*°.

Citotoxic activity

An important criterion in the search for active compounds with trypanocidal
activity is its toxicity toward mammalian host cells. J774 macrophages were utilized to
evaluate this cytotoxicity, and the results are presented in Table 1. A toxicity of 37%
was observed at a concentration of 100 pg/mL, and toxicity was reduced to 29% with a
concentration of 10 pg/mL. These cells are often utilized as indicators of cytotoxicity
due to their phagocytic capacity. The moderate toxicity of EEEJ, compared with
observed by Roldos®’, associated with trypanocidal and modulatory activity indicates
that new assays need to be carried out in vivo to demonstrate the real potential of the
EEEJ against these pathogens and the effective nutraceutical potential.

The evaluation of cytotoxic activity of natural products could be demonstrated
by the numerous reports using different cell models: Calophyllum brasiliense, tested

with human lymphocytes; Capparis spinosa, Kleinia odora and Psiadia punctulata,
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assayed with MRC-5 cells; and neolignans, such as licarin A and burchellin, evaluated
against peritoneal macrophages ****2. The ethanolic extract of E. jambolana appears to
be promising in the development of more effective therapies, mainly due to the low
level of toxicity in vitro, which allows us to proceed with in vivo studies for drug

evaluation.

Antifungal Activity

The antifungal activity of EEEJ is shown Table 2. The minimal inhibitory
concentration was > 1024, which did not demonstrate activity of clinical relevance with
respect to the yeast strains tested*®. No modulatory effect was observed with respect to
amphotericin B, nystatin and mebendazol, because MIC was the same as the control
with only the antifungals. However, an interesting potentiation of antifungal activity
was demonstrated when EEEJ was associated with metronidazole against the C.

albicans strain, lowering the MIC of this antifungal drug fourfold.

Braga** evaluated the methanol extract of Eugenia jambolana against Candida
albicans and Cryptococcus neoformans. This extract presented antimicrobial activity
with clinical relevance only against C. neoformans, demonstrating a MIC of 78ug/mL.
Extracts of various plants, such as Himatanthus articulatus, Mentha longifolia, Malva
sylvestris and Psidium guajava 24, have been tested against yeasts of the genus
Candida and represent a better alternative to the treatment of candidosis. However, this
is the first report of potentiation of the activity of an antifungal drug combined with a
Eugenia jambolana extract. The potentiating effect of the extracts of E. jambolana and
of other plants has been demonstrated against bacteria showing multidrug resistance

with respect to antibiotics®*>*®,

This modulatory strategy is called "herbal shotgun™ or "synergistic multi-effect
targeting" and refers to the utilization of plants and drugs in an approach using mono- or
multi-extract combinations, which can affect not only a single target but various targets,
where the different therapeutic components collaborate in a synergistic-agonistic
manner. This approach is not only meant for combinations of extracts; combinations
between natural products or extracts and synthetic products or antibiotics are also
possible #9*°,

Our results indicate that E. jambolana (and the family Myrtaceae in general)

could be a source of plant-derived natural products with antiepimastigote and
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antifungal- modifying activity with low toxicity, representing an interesting alternative

in efforts to combat infectious diseases such as candidiasis and Chagas’ disease.
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Table 1:
Anti-Trypanosoma and cytotoxic activity induced by ethanol extract of Eugenia
jambolana.

Extract Concentrations %AE %SD % C ECs
(Mg/mL)
EEEJ 100 100 26,6 37
10 2,33 0,9 29 56,42
1 0,0 1,58 19
Nifurtimox 10 89,1 3,3 -
1 54,9 0,7 - 0,91
0,5 45,6 4,2 -

%AE — Percentual of antiepimastigote activity; %SD — standard deviation; %C — cytotoxic percentual;
ECso —concentration that present 50% of maximum effect.

Table 2:
Antifungal and modulation activity of Eugenia jambolana against the yeast strains of C.
albicans, C.krusei and C. tropicalis

C. albicans C.krusei C.tropicalis
Extract/antifungal alone +EEEJ alone +EEEJ Alone +EEEJ
EEEJ >1024 - >1024 - >1024 -
Anphotericin B >1024 >1024 >1024 >1024 >1024 >1024
Mebendazol >1024 >1024 >1024 >1024 >1024 >1024
Nistatin >1024 >1024 >1024 >1024 >1024 >1024
Metronidazol 64 16 >1024  >1024 128 128
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5.3 Atividade Anti-Candida de Mentha arvensis e Turnera ulmifolia

RESUMO

Candidiase é a mais frequente infeccdo fungica oportunista, frequentemente causada por
Candida albicans, C. tropicalis, C. parapsilosis, C. glabrata e C. krusei. Mentha
arvensis L. € uma planta herbécea que ocorre em toda a América do Sul e é usada como
um cha e na medicina tradicional. T. ulmifolia j& é conhecida por seu valor medicinal.
Os extratos etanodlicos de M. arvensis e T.ulmifolia foram ensaiados para a atividade
antifangica contra as cepas Candida albicans, C. tropicalis e C. krusei. Nenhuma
atividade antifangica clinicamente relevante foi demonstrada pelos extratos, entretanto,
um efeito de potencializagéo foi observado quando os extratos foram associados com o
metronidazol contra C. tropicalis. M. arvensis e T. ulmifolia poderia representar uma

fonte de produtos naturais com a modulacgéo da atividade antifingica.

Palavras-chave: atividade antifingica, Mentha arvensis, Turnera ulmifolia, atividade

potencializadora, metronidazol
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ABSTRACT

Candidiasis is the most frequent infection by opportunistic fungi, frequently caused by
Candida albicans, C. tropicalis, C. parapsilosis, C. glabrata and C. krusei. Mentha
arvensis L. is a herbaceous plant that occurs in the whole of South America and is used
as a tea and in the folk medicine. T. ulmifolia L. is already known to be of medicinal
value. Ethanol extracts from M. arvensis and T. ulmifolia were assayed for the
antifungal activity against strains of Candida albicans, C. tropicalis and C. krusei. No
clinically relevant antifungal activity was demonstrated by the extracts, however, a
potentiation effect was observed when the extracts were associated with metronidazole
against C. tropicalis. M. arvensis and T. ulmifolia could represent a source of natural
products with modifying antifungal activity.

KEYWORDS: antifungal activity, Mentha arvensis, Turnera ulmifolia, potentiation

activity, metronidazole.

INTRODUCTION

Candidiasis or candidosis is the most frequent infection by opportunistic fungi,
where the species commonly implicated in the clinical picture are: Candida albicans, C.
tropicalis, C. parapsilosis, C. glabrata and C. krusei. The spectrum of candidiasis is
very extensive, going from mild manifestations, such as a colonization of mucosal

tissues, up to systemic pictures, with the invasion of various organs®.

Mentha arvensis (Labiatae) is a herbaceous plant that occurs in the whole of
South America. This plant and particularly its essential oils are commonly used in folk
medicine, exploiting a wide range of biological and pharmacological activities. Several
compounds have been isolated from these oils, mainly menthol, p -menthone, menthol
acetate and other phytochemicals.?® M. arvensis (called “hortela-japonesa” and “menta”
in Brazil) is used by the traditional medicine in the treatment of worm diseases and
digestive problems. The main component of the essential oil is menthol, very utilized in
the food and pharmaceutical industries.*
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Turnera ulmifolia L. (Turneraceae), a small annual herb, can be found in the
north and northeast brazilian regions, where it is considered a weed.> It grows
preferentially in sandy soils and on hill slopes. T. ulmifolia L. is already known to be of
medicinal value, being used popularly as an anti-inflammatory, as an expectorant, and
in the treatment of several problems.>” Authors detected flavonoids, alkaloids, tannins
and phenolic compounds in preparations from this plant.®™

Therefore, due to the social and economic importance of candidiasis and the
increase in the number of individuals with immunodeficiency, such as in the case of

seropositives, we evaluated here the antifungal activity of M. arvensis and T. ulmifolia.
MATERIALS AND METHODS
Plant Material

Leaves of M.arvensis and T. ulmifolia were collected in the rainy season (April, 2008)
in the county of Crato, Ceard State, Brazil. The plant material was identified by Dr
Arlene Pessoa and a voucher specimen was deposited with the number 2886 and 1618

respectively.

Preparation of Ethanol Extracts of Mentha arvensis (EEMA) and Turnera ulmifolia
(EETU)

200 g of leaves were dried and powdered at room temperature. The powdered material
was extracted by maceration using 1 L of 95% ethanol as solvent at room temperature.
The mixture was allowed to stand for 72 h at room temperature. The extract was then
filtered and concentrated under vacuum in a rotary evaporator under 60°C and
760mm/Hg of temperature and pressure, respectively.** Each 200 g of aerial parts yield
5 - 6 g of extract. The ethanolic extract of M. arvensis (EEMA) and T. ulmifolia (EETU)
was diluted using DMSO.

Cell strains used

The fungal strains utilized were Candida albicans ATCC 40227, C. krusei ATCC
40147 and C. tropicalis ATCC 13803. The strains were obtained from the collection of

microorganisms of Laboratory of Mycology - UFPB. All strains were maintained in
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Heart Infusion Agar slants (HIA, Difco laboratories Ltd., USA), and before the assays,
the cells were grown for 24 h at 37°C in brain heart infusion (BHI, Difco laboratories
Ltd., USA).

Drugs

The antifungal drugs used were Anphotericin B (Sigma Co., St. Louis, USA), Nistatin
(Laboratorio Teuto brasileiro S/A, Brazil) and Metronidazole (Prati, Donaduzzi & Cia
LTDA., Brazil). All sollutions were prepared following the recomendations of National

committee for clinical laboratory standards — NCCLS.*
Antifungal and modulatory activity

The minimal inhibitory concentration (MIC) was determined in 10% BHI by the
microdilution method, using a suspension of 10° CFU/mI and an extract concentration
of 1024-8 pg/ml.™®* MIC is defined as the lowest concentration at which no microbial
growth is observed. For the evaluation of the extracts as modifiers of resistance to
antifungals, a subinhibitory concentration (MIC/8) was added to a concentration of the

test substance varying 1024-0,5 ug/ml. The plates were incubated for 24 h at 37 °C.
RESULTS AND DISCUSSION

The extracts did not demonstrate an antifungal activity with clinical significance,
presenting MIC > 1024 pg/mL. No modulatory effect was observed with respect to
amphotericin B and nystatin, because MIC was the same as the control with only the
antifungals. Potentiation of antifungal activity against C. tropicalis was demonstrated
with metronidazole when combined with EEMA and EETU, where MIC was lowered 4
times (Table I).

Extracts of various plants, such as Himatanthus articulates,”* Mentha
longifolia,"> Malva sylvestris and Psidium guajava,’® have been tested against yeasts of
the genus Candida and represent an alternative in the treatment of candidosis. However,
this is the first report of potentiation of the activity of an antifungal drug combined with
a M. arvensis and T. ulmifolia extracts. The potentiating effect of the extracts of M.
arvensis and T. ulmifolia extracts has been demonstrated against bacteria showing

multidrug resistance to antibiotics.*” %
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This strategy is called "herbal shotgun™ or " synergistic multi-effect targeting"
and refers to the utilization of plants and drugs in an approach using mono- or multi-
extract combinations, which can affect not only a single target but various targets,
where the different therapeutic components collaborate in a synergistic-agonistic
manner. This approach is not only meant for combinations of extracts; combinations
between natural products or extracts and synthetic products or antibiotics are also
possible.?

CONCLUSIONS

In conclusion, M. arvensis and T. ulmifolia could represent a source of natural products
with modifying antifungal activity, representing an interesting alternative in efforts to
combat infectious diseases such as candidiasis.
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Tabela I:
Antifungal and modulation activity of Mentha arvensis and Turnera ulmifolia against the
yeast strains of C. albicans, C.krusei and C. tropicalis

Anphotericin B Nystatin Metronidazole

Extracts Ca Ck Ct Ca Ck Cit Ca Ck Cit

Antibiotic alone
>1024 >1024 >1024 >1024 =>1024 >1024 64 >1024 128

EEMA + antibiotic
>1024 >1024 >1024 >1024 >1024 >1024 64 >1024 32

EETU + Antibiotic  >1024 >1024 >1024 >1024 >1024 >1024 64 >1024 32

C.a — Candida albicans, C.k — C. krusei, C.t — C. tropicalis, EEMA — Ethanol Extract Mentha arvernsis,

EETU — Ethanol Extract Turnera ulmifolia.
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5.4 Atividades Anti—-Trypanosoma cruzi e citotdxica de Eugenia uniflora L.

RESUMO

A doenca de Chagas, causada pelo Trypanosoma cruzi, € considerada um problema de
salde puablica. Uma alternativa para combater este patdégeno sdo produtos naturais
isolados de frutas como Eugenia uniflora, uma planta usada por comunidades
tradicionais, como alimentos e remédios, devido as suas atividades antimicrobianas e
bioldgicas. Um extrato etandlico de E. uniflora foi utilizado para avaliar a atividade
antiepimastigota e citotoxica in vitro. Este € o primeiro relato de atividade anti-
Trypanosoma de E. uniflora, demonstrando que a concentracdo a apresentar 50% de
atividade foi de 62,76 pg/mL. Nossos resultados indicam que E. uniflora pode ser uma
fonte de produtos naturais derivados de vegetais com atividade antiepimastigota e baixa

toxicidade.

Palavras-Chave: Doenca de chagas, Eugenia uniflora, atividade antiepimastigota,

citotoxicidade, Trypanosoma cruzi.
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Anti-Trypanosoma cruzi and Cytotoxic activities of Eugenia uniflora L.
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Abstract

Chagas disease, caused by Trypanosoma cruzi, is considered a public health problem.
An alternative to combat this pathogen are natural products isolated from fruits such as
Eugenia uniflora, a plant used by traditional communities as food and medicine due to
its antimicrobial and biological activities. An ethanolic extract from E. uniflora was
used to evaluate in vitro anti-epimastigote and cytotoxic activity. This is the first record
of anti-Trypanosoma activity of E. uniflora, demonstrating that a concentration
presenting 50% of activity (ECsg) was 62.76 pg/mL. Our results indicate that E. uniflora
could be a source of plant-derived natural products with anti-epimastigote activity with

low toxicity.

Keywords: Chagas disease, Eugenia uniflora, antiepimastigote activity, citotoxicity,

Trypanosoma cruzi.

1. Introduction

Developing countries with traditional use of the biodiversity as medicine,
including Brazil, still suffer with the so-called “neglected diseases,” (Funari and Ferro,
2005), which are treated by traditional communities with plant natural products. Brazil
features the largest biodiversity in the world (Elisabetsky and Costa Campos, 1996);
however only 8% have been studied in search for bioactive compounds (Garcia et al.,
1996).

Chagas disease, caused by Trypanosoma cruzi, affects about 18 million people in
the Americas (Reyes-Chilpa et al., 2008). This parasite can be transmitted to humans by
triatomine insects, foods, blood and organs from infected donors, or by transplacental
contamination (WHO, 2010). Currently, the chemotherapy of this disease consists
mainly of nifurtimox and benzonidazole (WHO, 2010), which show a cure rate of 70-
50% in the acute phase and less than 20% in the chronic phase (Dias and Dessoy, 2009).
Several studies involving the analysis of natural plant products have recommended them

as alternative sources of drugs against T. cruzi, including Arrabidaea triplinervia (Leite
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et al., 2006), Dracocephalum kotschyi (Saeidnia et al., 2004) and Azorella compacta
(Araya et al., 2003).

The effects of all natural products can be limited by their toxicity. Evaluating the
toxicity of active substances is one of the most important steps for the utilization of
these compounds in animal models. The drugs currently utilized against Chagas disease

feature high toxicity, affecting host tissues (Dias and Dessoy, 2009).

Eugenia uniflora is often used as food and medicine in folk medicine due
antimicrobial (Holetz et al., 2002) and other biological activities (Sharma et al., 2006).
Known in Brazil as pitanga, this plant has been studied due its antioxidant (Velazquez
et al.,, 2003), hypotensive (Consolini and Sarubbio, 2002), photosensitizing and
antibiotic modulatory (Coutinho et al., 2010ab) activities. Several phytoconstituents of
E. uniflora have been isolated, such as flavonoids myricitrin, quercetin and quercitrin 3-
ramnoside, as well as steroids, mono- and triterpenoid compounds, tannins,
anthraquinones, phenols, cineol and essential oils (Bandoni et al., 1972; Wazlawik et
al., 1997).

Thus, due to the social and economic importance of Chagas disease as neglected
diseases and the medicinal use of this fruit in ethnomedicine, this work evaluated the

anti-Trypanosoma and cytotoxic activities of Eugenia uniflora.

2. Materials and Methods

2.1. Plant Material

Leaves of E. uniflora were collected during the rainy season (April, 2008) in the
municipality of Crato, Ceara State, Brazil. The plant material was identified by Dr.
Arlene Pessoa, and a voucher specimen was deposited with identification number #3106

at the “Dérdano de Andrade Lima” Herbarium of Universidade Regional do Cariri —

URCA.

2.2. Preparation of Eugenia uniflora Ethanol Extract (EEEU)

A total of 200 g of leaves were dried and powdered at room temperature. The powdered

material was extracted by maceration using 1 L of 95% ethanol as solvent at room
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temperature. The mixture was allowed to stand for 72 h at room temperature. The
extract was then filtered and concentrated under vacuum in a rotary evaporator (60°C
and 760mm/Hg of temperature and pressure) (Brasileiro et al., 2006). Each 200 g of
aerial parts yield 5.6 g of extract. The EEEU was diluted using DMSO.

2.3. Cell strains

For in vitro studies of anti-Trypanosoma activity, epimastigote clone CL-B5 was
used (Buckner et al. 1996). The parasites transfected with the Escherichia coli f-
galactosidase gene (lacZ), were kindly provided by Dr F. Buckner through Instituto
Conmemorativo Gorgas (Panama). The epimastigotes were cultivated at 28°C in Liver
Infusion Tryptose broth (Difco, Detroit, Ml), supplemented with 10% fetal bovine
serum (FBS) (Gibco, Carlsbad, CA), penicillin (Ern, S.A., Barcelona, Spain) and
streptomycin (Reig Jofré S.A., Barcelona, Spain), as described by Le Senne et al.
(2002). Cells were harvested during the exponential growth phase. Murine J774
macrophages were used to evaluate the cytotoxic potential of the extract. This cell strain
was grown in plastic 25 pl flasks with RPMI 1640 medium (Sigma) supplemented with
20% fetal bovine serum (FBS), heat inactivated (30 min, 56°C), penicillin G (100 U/ml)
and streptomycin (100 pg/ml) in a humidified, with 5% CO,/95% air atmosphere at
37°C. For the assay, cells in the pre-confluence phase were harvested with trypsin and
kept at 37°C in a humidified 5% CO, atmosphere. The cell viability measurement was a

colorimetric method using resazurin as described by Rolon et al. (2006).

2.4. Reagents

Resazurin sodium salt was obtained from Sigma-Aldrich (St. Louis, MO, USA) and
stored at 4°C protected from light. The resazurin solution was prepared using 1%
phosphate buffered solution (PBS), pH 7, and sterilized by filtration prior to use.
Chlorophenol red-p-D-galactopyranoside (CPRG; Roche, Indianapolis, IN, USA) was
dissolved in 0.9% Triton X- 100 (pH 7.4). The solutions of antibiotics Penicillin G (Ern,
S.A., Barcelona, Spain), streptomycin (Reig Jofré S.A., Barcelona, Spain) were
prepared following the recommendations of the National Committee for Clinical
Laboratory Standards — NCCLS (NCCLS, 2003).
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2.5. Epimastigote susceptibility assay

The screening assay was performed in 96-well microplates with cultures that had not
reached the stationary phase, as described by Vega et al. (2005). Briefly, epimastigotes
were seeded at 1 x 10° mL™ in 200pL of Liver Tryptose Broth medium. The plates were
incubated with the drugs in concentrations ranging between 0.1-50ug/mL, at 28°C for
72 h, at which time 50 pL of CPRG solution was added to reach a final concentration of
200uM. The plates were incubated at 37°C for 6 h and were evaluated using a
spectrophotometer at 595 nm. Nifurtimox was used as the reference drug. Each
concentration was tested in triplicate. Each experiment was performed twice separately.
The efficacy of each compound was estimated by calculating the anti-epimastigote
percentage (AE%) (Table 1).

2.6. Cytotoxicity assays

J774 macrophages were seeded (5 x 10* cells/well) in 96-well flat-bottom microplates
with 100 pl of RPMI 1640 medium. The cells were allowed to attach for 24 h in a
humidified, with 5% CO,/95% air atmosphere at 37°C. The medium was replaced by
200 pl of medium with different concentrations of the drugs and exposed for another 24
h. Growth controls were also included. Next, 20 ul of resazurin solution with 2 mM
were added and the plates were returned to the incubator for another 3 h. Resazurin
reduction was determined by dual wavelength absorbance measurements at 490 and 595
nm, respectively. Each concentration was assayed three times. Medium and drug
controls were used in each test. The cytotoxicity of each compound was estimated by

calculating the cytotoxic percentage (C%) (Table 1).
2.7. Statistical analysis

The EC50 values (concentration of extract needed to necessary for produce of 50%
maximal effect) were determined by linear regression analysis of the using Prism
Software 5.0.
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3. Results and Discussion

3.1. Anti-epimastigote assay

The anti-epimastigote activity of EEEU is shown in Table 1. The results showed 80%
inhibition with a concentration of 100 pg/mL, featuring EC50 = 62.76 pg/mL, which
was quite impressive due the fact that ECso lower than 500 pg/mL is considered

clinically relevant (Rosas et al., 2007).

This is the first report of anti-Trypanosoma activity for E. uniflora. This activity
was previously reported for the family Myrtaceae. Siphoneugena densiflora showed a
strong effect against T. cruzi; however, its isolated compounds did not show similar
activity (Gallo et al., 2008). Other plants of the Brazilian flora have shown substantial
trypanocidal activity, such as Ampelozizyphus amazonicus, a plant native to the Amazon
forest, containing compounds with potential for use as a prophylactic agent against that
parasite (Rosas et al., 2007). The ethyl acetate fraction of the aqueous extract of
Camellia sinensis leaves and the principal components of this fraction (catechins)
demonstrated anti-trypo and amastigote forms (Paveto et al., 2004). Trypanocidal
activity has also been reported for Dracocephalum komarovi (Saeidnia et al., 2004),
Vitex trifolia L. (Kiuchi et al., 2004), Arrabidaea triplinervia (Leite et al., 2006) and
Azorella compacta (Araya et al., 2003).

3.2. Cytotoxic activity

The cytotoxic activity of natural products against mammalian cells is an important point
in the search for active compounds with biological activity. The results of cytotoxic
activity of EEEU against J774 macrophages are presented in Table 1. A low toxicity
was observed (8% to 100 pg/mL, and this toxicity was reduced to 0% with a
concentration of 10 pg/mL). This low toxicity associated with trypanocidal and
modulatory activity indicates that new assays need to be carried out in vivo to
demonstrate the real potential of the EEEU against these pathogens and its effective
nutraceutical potential.

The evaluation of cytotoxic activity of natural products could be demonstrated

by the numerous reports using different cell models: Calophyllum brasiliense, tested
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with human lymphocytes (Reyes-Chilpa et al., 2008); Capparis spinosa, Kleinia odora
and Psiadia punctulata, assayed with MRC-5 cells (Abdel-Sattar et al., 2010); and
neolignans, such as licarin A and burchellin, evaluated against peritoneal macrophages
(Cabral et al., 2010). The ethanolic extract of E. uniflora appears to be promising in the
development of more effective therapies, mainly due to the low level of toxicity in vitro,

which allows us to proceed with in vivo studies for drug evaluation.

4. Conclusion

Our results indicate that E. uniflora (and the family Myrtaceae in general) could
be a source of nutraceuticals with anti-Trypanosoma activity, representing an interesting
alternative to combat infectious diseases as Chagas disease. This plant appears to be
promising in the development of therapies, mainly due the low toxicity in vitro, which

allows us to proceed with in vivo studies for drug evaluation.
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Table 1:
Percent parasite lysis induced by extracts of Eugenia uniflora against the epimastigote
form of Trypanosoma cruzi CL-B5 strain

Extract Concentrations %AE %SD % C ECso
(Mg/mL)

EEEU 100 80.83 0.1 8
10 64.80 3.6 0 62.76

1 27.29 7.3 0

Nifurtimox 10 89.1 3.3 -
1 54.9 0.7 - 0.91

0.5 45.6 4.2 -

%AE — Percentual of antiepimastigote activity; %SD - standard deviation; %C —
cytotoxic percentual; ECso —concentration that present 50% of effect.
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5.5 Atividades anti-Candida, citotdxica e moduladora de Eugenia uniflora L.

RESUMO

Candidiase é a mais frequente infeccdo flngica oportunista, frequentemente causada por
Candida albican, C. tropicalis, C. parapsilosis, C. glabrata e C. krusei. O extrato
etandlico de Eugenia uniflora foi analisado quanto a atividade antifingica contra as
cepas de Candida albicans, C. tropicalis e C. krusei. Quanto a atividade modulatéria
associado com drogas antifingicas, metronidazol mostrou uma interessante
potencializagdo da atividade antifingica quando combinado com o extrato etanolico de
E. uniflora. Nossos resultados indicam que E. uniflora pode ser uma fonte de produtos
naturais derivados de plantas com atividade modulatéria de antifungicos com baixa

toxicidade.

Palavras-chave: Eugenia uniflora, Candida sp., citotoxicidade, atividade antifingica,
atividade moduladora.
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Abstract

Candidiasis is the most frequent infection by opportunistic fungi, frequently caused by
Candida albicans, C. tropicalis, C. parapsilosis, C. glabrata and C. krusei. Ethanol
extract from Eugenia uniflora was assayed for the antifungal activity against strains of
Candida albicans, C. tropicalis and C. krusei. Regarding the modulatory activity
associated with antifungal drugs, metronidazole showed an interesting potentiation of
antifungal activity when combined with ethanol extract of E. uniflora. Our results
indicate that E. uniflora could be a source of plant-derived natural products antifungal

modifying activity with low toxicity.

Keywords: Eugenia uniflora, Candida sp., citotoxicity, antifungal activity, modifying

activity.

Introduction

Developing countries with traditional use of the biodiversity as medicine,
including Brazil, still suffer with the so-called “neglected diseases,” [1], which are
treated by traditional communities with plant natural products. Brazil features the
largest biodiversity in the world [2]; however only 8% have been studied in search for

bioactive compounds [3].

Candidiasis is the most frequent infection caused by opportunistic fungi. The
main species associated with this disease are Candida albicans, C. tropicalis, C.
parapsilosis, C. glabrata and C. krusei. The clinical features of candidiasis are quite
diverse, varying between mucosal colonization to the invasion of several internal organs
[4]. These yeasts remain in the microbiota, becoming pathogenic in cases such as
congenital or acquired immunodeficiency and immunosuppression [5]. Several natural
products have been studied extensively in the search for alternative treatments for these
fungi, including Himatanthus articulatus, Mentha longifolia, Malva sylvestris and
Psidium guajava [6-8].

The effects of all natural products can be limited by their toxicity. Evaluating the

toxicity of active substances is one of the most important steps for the utilization of
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these compounds in animal models. The drugs currently utilized against Chagas disease

and candidiasis feature high toxicity, affecting host tissues [9].

Eugenia uniflora is often used as food and medicine in folk medicine due
antimicrobial and other biological activities [10,11]. Known in Brazil as pitanga, this
plant has been studied due its antioxidant, hypotensive, photosensitizing and antibiotic
modulatory activities [12-15]. Several phytoconstituents of E. uniflora have been
isolated, such as flavonoids myricitrin, quercetin and quercitrin 3- ramnoside, as well as
steroids, mono- and triterpenoid compounds, tannins, anthraquinones, phenols, cineol
and essential oils [16,17].

Thus, due to the social and economic importance of candidiasis as neglected
diseases and the medicinal use of this fruit in ethnomedicine, this work evaluated the

antifungal and cytotoxic activities of Eugenia uniflora.

Materials and Methods

Plant Material

Leaves of E. uniflora were collected during the rainy season (April, 2008) in the
municipality of Crato, Ceara State, Brazil. The plant material was identified by Dr.
Arlene Pessoa, and a voucher specimen was deposited with identification number #3106
at the “Dardano de Andrade Lima” Herbarium of Universidade Regional do Cariri —
URCA.

Preparation of Eugenia uniflora Ethanol Extract (EEEU)

A total of 200 g of leaves were dried and powdered at room temperature. The powdered
material was extracted by maceration using 1 L of 95% ethanol as solvent at room
temperature. The mixture was allowed to stand for 72 h at room temperature. The
extract was then filtered and concentrated under vacuum in a rotary evaporator (60°C
and 760mm/Hg of temperature and pressure) [18]. Each 200 g of aerial parts yield 5.6 g
of extract. The EEEU was diluted using DMSO.
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Cell strains

The fungal strains utilized in the assays were Candida albicans ATCC 40227, C.
krusei ATCC 40147 and C. tropicalis ATCC 13803. The strains were obtained from the
Clinical Mycology Laboratory, UFPB, Brazil. All strains were maintained in Heart
Infusion Agar slants (HIA; Difco), and prior to the assays, the cells were grown for 24 h
at 37°C in Brain Heart Infusion (BHI, Difco).

Reagents

The antifungal drugs Amphotericin B (Sigma Co., St. Louis, USA), Mebendazole (Lasa
— Pharmaceutical Industries LTDA., Brazil), Nystatin (Laboratdrio Teuto brasileiro S/A,
Brazil) and Metronidazole (Prati, Donaduzzi & Cia LTDA., Brazil) were prepared
following the recommendations of the National Committee for Clinical Laboratory
Standards — NCCLS [19].

Cytotoxicity assays

J774 macrophages were seeded (5 x 10* cells/well) in 96-well flat-bottom microplates
with 100 pl of RPMI 1640 medium. The cells were allowed to attach for 24 h in a
humidified, with 5% CO,/95% air atmosphere at 37°C. The medium was replaced by
200 pl of medium with different concentrations of the drugs and exposed for another 24
h. Growth controls were also included. Next, 20 pl of resazurin solution with 2 mM
were added and the plates were returned to the incubator for another 3 h. Resazurin
reduction was determined by dual wavelength absorbance measurements at 490 and 595
nm, respectively. Each concentration was assayed three times. Medium and drug
controls were used in each test. The cytotoxicity of each compound was estimated by
calculating the cytotoxic percentage (C%) (Table 1).

Antifungal and modulatory activity

The Minimal Inhibitory Concentration (MIC) was determined using 10% BHI by the
microdilution method and suspensions with 10° CFU/ml and an extract concentration
ranging between 1024-8 pg/ml [20]. MIC is defined as the lowest concentration at
which no microbial growth is observed. For evaluation of the extracts as modulators of

resistance to antifungals, a subinhibitory concentration (MIC/8) was mixed with the
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antifungal drug assayed, in which the concentration varied between 1024-0.5 pg/ml.
The plates were incubated for 24 h at 37°C.

Results and Discussion
Antifungal Activity

The antifungal and modulatory activity of EEEU is shown in Table 2. The Minimal
Inhibitory Concentration was > 1024, which did not demonstrate clinical relevance of
the possible use of EEEU as an antifungal drug [21]. However, an interesting
potentiation of antifungal activity was demonstrated when EEEU was associated with
metronidazole against the C. tropicalis strain, lowering the MIC of this antifungal drug
fourfold.

Holetz et al. [10] have tested Eugenia uniflora against the yeasts C. albicans, C.
krusei, C. parapsilosis and C. tropicalis, and demonstrated substantial clinical activity
against these yeasts, except for C. albicans. Other reports using the essential oil of E.
uniflora demonstrated activity against dermatophytes [22]. These results could indicate
that the phytoconstituents extracted with ethanol do not show activity against the strains
tested, or that plants from different regions could show different activities. Extracts of
other plants, such as Himatanthus articulatus, Mentha longifolia, Malva sylvestris and
Psidium guajava [6-8], have been tested against yeasts of the genus Candida and
represent a better alternative to the treatment of candidosis. However, this is the first
report demonstrating the potentiation of the activity of an antifungal drug when
combined with Eugenia uniflora extract. The potentiating effect of the extracts of E.
uniflora and of other plants has been demonstrated against multidrug-resistant bacteria
[23-26].

This modulatory strategy is called "herbal shotgun™ or "synergistic multi-effect
targeting" and refers to the utilization of plants and drugs in an approach using mono- or
multi-extract combinations, which can affect not only a single target but various targets,
where the different therapeutic components collaborate in a synergistic-agonistic
manner. This approach is not only meant for combinations of extracts; combinations
between natural products or extracts and synthetic products or antibiotics are also
possible [27,28].
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Cytotoxic activity

The cytotoxic activity of natural products against mammalian cells is an important point
in the search for active compounds with biological activity. The results of cytotoxic
activity of EEEU against J774 macrophages are presented in Table 1. A low toxicity
was observed (8% to 100 pg/mL, and this toxicity was reduced to 0% with a
concentration of 10 pg/mL). This low toxicity associated with trypanocidal and
modulatory activity indicates that new assays need to be carried out in vivo to
demonstrate the real potential of the EEEU against these pathogens and its effective

nutraceutical potential.

The evaluation of cytotoxic activity of natural products could be demonstrated
by the numerous reports using different cell models: Calophyllum brasiliense, tested
with human lymphocytes; Capparis spinosa, Kleinia odora and Psiadia punctulata,
assayed with MRC-5 cells, and neolignans, such as licarin A and burchellin, evaluated
against peritoneal macrophages [29-31]. The ethanolic extract of E. uniflora appears to
be promising in the development of more effective therapies, mainly due to the low
level of toxicity in vitro, which allows us to proceed with in vivo studies for drug

evaluation.

Conclusion

Our results indicate that E. uniflora (and the family Myrtaceae in general) could
be a source of nutraceuticals with antifungal-modifying activity, representing an
interesting alternative to combat infectious diseases such as candidiasis. This plant
appears to be promising in the development of therapies, mainly due the low toxicity in

vitro, which allows us to proceed with in vivo studies for drug evaluation.
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Table 1:
Percent parasite lysis induced by extracts of Eugenia uniflora against the epimastigote
form of Trypanosoma cruzi CL-B5 strain

Extract Concentrations (ug/mL) % C
EEEU 100 8
10 0
1 0

%C — cytotoxic percentual; ECsy —concentration that present 50% of effect.

Table 2:
Minimum inhibitory concentration (MIC) and modulatory activity of Eugenia uniflora
combined with antifungal drugs against the yeast strains.

C. albicans C.krusei C.tropicalis
Extract/antifungal Alone +EEEU Alone +EEEU Alone +EEEU
EEEU >1024 - >1024 - >1024 -
Anphotericin B >1024 >1024 >1024 >1024 >1024 >1024
Mebendazole >1024 >1024 >1024 >1024 >1024 >1024
Nistatin >1024 >1024 >1024 >1024 >1024 >1024
Metronidazole 64 64 >1024  >1024 128 32
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5.6 Atividades tripanocida, citotéxica e anti-Candida de Hyptis martiusii Benth.

RESUMO

Objetivo: A doenca de Chagas € considerada um problema de saude publica.
Atualmente, a quimioterapia é o unico tratamento disponivel para esta doenca, e 0s
medicamentos correntemente usados apresentam altos niveis de toxicidade. Uma
alternativa para substituir esses medicamentos sdo extratos naturais de Hyptis martiusii,
planta usada na medicina tradicional, devido as suas atividades antimicrobianas e
bioldgicas. O objetivo deste trabalho foi avaliar a atividade tripanocida, anti-Candida e

citotoxica de H. martiusii.

Métodos: O extrato etandlico de H. martiusii foi preparado. Para avaliar a atividade
antiepimastigota in vitro, T. cruzi clone CL-B5 foi usado. Epimastigotas foram
inoculados em uma concentracdo de 1 X 10° célulassmL™ em 200 pl de infusdo de
figado e triptose. Para o ensaio de citotoxicidade macrdfagos J774 foram usados. Para a
atividade antifungica, Candida albicans, C. tropicalis e C. krusei foram utilizados.

Resultados: Este € o primeiro relato de atividade tripanocida para Hyptis martiusii. A
concentracdo eficiente capaz de matar 50% dos parasitas (ECsp) foi 23,98 pg/mL. A
concentragao inibitoria minima foi > 1024. Metronidazol mostrou uma potencializagdo
do seu efeito antifingico quando combinado com o extrato etandlico de Hyptis

martiusii.

Conclusdo: Nossos resultados indicam que H. martiusii poderia ser uma fonte de
produtos naturais derivados de plantas com atividade antiepimastigota, e moduladora de

antifungicos com toxicidade moderada.

Palavras-Chave: Doenca de Chagas, Hyptis martiusii, atividade antiepimastigota,

citotoxicidade, atividade antifingica, atividade moduladora.
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Abstract

Purpose: Chagas disease is considered a public health problem. Nowadays,
chemotherapy is the only available treatment for this disease, and the drugs currently
used present high toxicity levels. An alternative for replacing these drugs are natural
extracts from Hyptis martiusii, plant used in traditional medicine due to their
antimicrobial and biological activities. The objective of this work was evaluate the
Trypanocide, anti — Candida and cytotoxic activities of H. martiusii.

Methods: Ethanoli extract from H.martiusii was prepared. To research in vitro
antiepimastigote activity, T. cruzi CL-B5 clone was used. Epimastigotes were
inoculated at a 1x10° mL™ concentration in 200pl triptose-liver infusion. For the
citotoxicity assay J774 macrophages were used. For the antifungal activity, Candida

albicans, C. tropicalis and C. krusei were used.

Results: This is the first record of trypanocide activity for H.martiusii. Effective
concentration capable of killing 50% of parasites (CE50) was 23,98 pg/mL. The
antifungal MIC was < 1024 pg/mL. Metronidazole showed a potentiation of its

antifungal effect when combined with ethanol extract of H. martiusii.

Conclusion: Our results indicate that H. martiusii could be a source of plant-derived
natural products with antiepimastigote and antifungic modifying activity with moderate

toxicity.

Keywords: Chagas disease, Hyptis martiusii, antiepimastigote activity, citotoxicity,

antifungal activity, modifying activity.

Introduction

Developing countries with abundant traditional knowledge and rich
biodiversity, as in the case of Brazil, still grapple with a high incidence of so-called
“neglected diseases,” such as tuberculosis, malaria and Chagas disease [1], diseases
with the potential to be treated with natural products of plant origin. Brazil has the

largest biodiversity in the world, with more than 55,000 species of plants catalogued,
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out of an estimated total of 550,000 species [2], but only 8% have been studied in the
search for bioactive compounds [3].

Chagas disease, caused by Trypanosoma cruzi, affects about 18 million people in
the Americas [4]. The parasite can be transmitted to humans by triatomine insects, foods
contaminated their feces, blood transfusion or organ transplants from infected donors
and the transplacental route from a contaminated mother to her newborn [5]. Currently,
chemotherapy is the only treatment available for this disease, where the most utilized
drugs are nifurtimox and benzonidazol [5], which show a 50-70% cure rate in the acute
phase and less than 20% in the chronic phase [6]. Various studies involving the analysis
of plant extracts have revealed an alternative source with potential against T. cruzi, for
example, extracts of Arrabidaea triplinervia, Dracocephalum kotschyi and Azorella
compacta [7-9].

The evaluation of the toxicity of active substances is one of the first steps for the
utilization of these compounds in animal models. The drugs currently utilized for
Chagas disease show a high toxicity because the metabolites produced affect host
tissues due to their high reactivity [6].

Candidiasis or candidosis is the most frequent infection by opportunistic fungi,
where the species commonly implicated in the clinical picture are: Candida albicans, C.
tropicalis, C. parapsilosis, C. glabrata and C. krusei. The spectrum of candidiasis is
very extensive, going from mild manifestations, such as a colonization of mucosal
tissues, up to systemic pictures, with the invasion of various organs [10]. These yeasts
are part of the normal microbiota, becoming pathogenic in cases such as congenital or
acquired immunodeficiency and immunosuppression induced by severe stress [11]. A
variety of extracts have been extensively studied in the search for alternative treatments
for these opportunistic infections, as in the case of Himatanthus articulatus, Mentha
longifolia, Malva sylvestris and Psidium guajava [12-14].

Hyptis martiusii Benth (“Cidreira-do-campo™) is a small shrub belonging to
family Labiatae used in Brazilian traditional medicine against intestinal and stomachic
diseases [15], with few pharmacological reports. Antitumoral, cytotoxic, phototoxic,
genotoxic and insecticidal activities were identified [16-20]. The modifying antibiotic
activity of this plants has been reported on the works of Coutinho et al. [21-23],
however, no antifungal activity had been reported.
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Therefore, due to the social and economic importance of Chagas disease and the
increase in the number of individuals with immunodeficiency, such as in the case of
seropositives, we evaluated here the antiepimastigote, antifungal and cytotoxic activities

of H. martiusii.

Materials and Methods

Plant material

Leaves of H. martiusii were collected in the rainy season (April, 2008) in the county of
Crato, Ceara State, Brazil. The plant material was identified by Dra. Arlene Pessoa, and
voucher specimen have been deposited with the identification number 464 at the
Herbarium “Dardano de Andrade Lima” of Universidade Regional do Cariri — URCA.

Preparation of Ethanol Extract of Hyptis martiusii (EEHM)

200 g of leaves were dried with no sunlight exposition and powdered at room
temperature. The powdered material was extracted by maceration using 1 L of 95%
ethanol as solvent at room temperature. The mixture was allowed to stand for 72 h at
room temperature. The extract was then filtered and concentrated under vacuum in a
rotary evaporator under 60°C and 760mm/Hg of temperature and pressure, respectively
[24]. Each 200 g of aerial parts yield 5 - 6 g of extract. The EEHM was diluted using
DMSO.

Cell strains used

For in vitro studies of T. cruzi, the clone CL-B5 was used [25]. The parasites, stably
transfected with the Escherichia coli B-galactosidase gene (lacz), were kindly provided
by Dr F. Buckner through Instituto Conmemorativo Gorgas (Panama). Epimastigotes
were grown at 28 °C in liver infusion tryptose broth (Difco, Detroit, MI) with 10%
foetal bovine serum (FBS) (Gibco, Carlsbad, CA), penicillin (Ern, S.A., Barcelona,
Spain) and streptomycin (Reig Jofré S.A., Barcelona, Spain), as described previously
[26], and harvested during the exponential growth phase.

Murine J774 macrophages were grown in plastic 25 ul flasks in RPMI 1640
medium (Sigma) suplemented with 20% heat inactivated (30 min, 56 °C) foetal bovine

serum (FBS) and penicillin G (100 U/ml) and streptomycin (100 pg/ml) in a humidified
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5% CO,/95% air atmosphere at 37° C and subpassaged once a week. For the
experiments, cells in the pre-confluence phase were harvested with trypsin. Cell cultures
were maintained at 37°C in a humidified 5% CO, atmosphere. The procedure for cell
viability measurement was evaluated with resazurin by a colorimetric method described

previously [27].

The fungal strains utilized were Candida albicans ATCC 40227, C. krusei ATCC
40147 and C. tropicalis ATCC 13803. The strains were obtained from the collection of
microorganisms, Mycology Laboratory, UFPB. All strains were maintained in heart
infusion agar slants (HIA; Difco), and before the assays, the cells were grown for 24 h
at 37°C in brain heart infusion (BHI, Difco).

Reagents

Resazurin sodium salt was obtained from Sigma—Aldrich (St Louis, MO) and stored at 4
°C protected from light. A solution of resazurin was prepared in 1% phosphatebuffered
solution (PBS), pH 7, and filter sterilised prior to use. Chlorophenol red-p-D-
galactopyranoside (CPRG; Roche, Indianapolis, IN) was dissolved in 0.9% Triton X-
100 (pH 7.4). Penicilina G (Ern, S.A., Barcelona, Spain), estreptomicina (Reig Jofr'e
S.A., Barcelona, Spain). The antifungal drugs used were Anphotericin B (Sigma Co., St.
Louis, USA), Mebendazole (Lasa — Pharmaceutical Industries LTDA., Brazil), Nystatin
(Laboratério Teuto brasileiro S/A, Brazil) e Metronidazole (Prati, Donaduzzi & Cia
LTDA., Brazil). All sollutions were prepared following the recomendations of National
committee for clinical laboratory standards — NCCLS [28].

Epimastigote susceptibility assay

The screening assay was performed in 96-well microplates with cultures that had not
reached the stationary phase, as described [29]. Briefly, epimastigotes were seeded at 1
x 10° mL™? in 200pL of liver tryptose broth medium. The plates were then incubated
with the drugs (0.1-50pg/mL) at 28°C for 72 h, at which time 50 uL of CPRG solution
was added to give a final concentration of 200uM. the plates were incubated at 37°C for
an additional 6 h and were then read at 595 nm. Nifurtimox was used as the reference
drug. Each concentration was tested in triplicate. Each experiment was performed twice
separately. The efficacy of each compound was estimated by calculating the
antiepimatigote percentual (AE%).

Cytotoxicity assays
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Macrophages J774 macrophages were seeded (5 x 10* cells/well) in 96-well flat-bottom
microplates with 100 pl of RPMI 1640 medium. The cells were allowed to attach for 24
h at 37°C, 5% CO, and the medium was replaced by different concentrations of the
drugs in 200 pl of medium, and exposed for another 24 h. Growth controls were also
included. Afterwards, a volume 20 ul the 2 mM resazurin solution was added and plates
were returned to incubator for another 3 h. to evaluate cell viability. The reduction of
resazurin was determined by dual wavelength absorbance measurement at 490 nm and
595 nm. Background was subtracted. Each concentration was assayed three times.
Medium and drug controls were used in each test as blanks. The cytotoxicity of each

compound was estimated by calculating the cytotoxic percentual (C%).

Antifungal and modulatory activity

The minimal inhibitory concentration (MIC) was determined in 10% BHI by the
microdilution method, using a suspension of 10°> CFU/ml and an extract concentration
of 1024-8 pg/mL [30]. MIC is defined as the lowest concentration at which no
microbial growth is observed. For the evaluation of the extracts as modifiers of
resistance to antifungals, a subinhibitory concentration (MIC/8) was added to a
concentration of the test substance varying 1024-0,5 pg/ml. The plates were incubated
for 24 h at 37 °C.

Statistical analysis

The statistical analysis was realized using Prism program 5.0. The groups were
compared using two-way ANOVA, with Bonferroni analysis. The effective

concentration (ECsp) was calculated by the linear regression method.

Results

The results demonstrated by the EEHM against the strain CL of T. cruzi, showed an
inhibition of 46,05% at 100 pg/mL, presenting an EC50 = 23,98 ug/mL. The toxicity at
100 pg/mL was 37% and toxicity was reduced to 29% when the concentration was

reduced to 10 pg/mL (Table 1).

TABLE 1
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The EEHM shown antifungal activity at 256 pg/mL against the strain of C.
krusei, but did not show relevant antifungal activity against the strains of C. albicans
and C. tropicalis (MIC > 1024 pg/mL). No modulatory effect was observed when the
extract was combined with amphotericin B, nystatin and mebendazol, but was observed
a potentiation of antifungal activity against C. tropicalis when metronidazole was
combined with EEHM, with the MIC had been reduced 4 times (Table 2).

TABLE 2

Discussion
T. cruzi epimastigote susceptibility assay

The activity by EEHM was quite impressive since an ECs less than 500 pg/mL
is considered clinically relevant [31]. This is the first report of trypanocidal activity for
H. martiusii. Other plants of the Brazilian flora have shown substantial trypanocidal
activity, such as extracts and fractions of Ampelozizyphus amazonicus, a native plant of
the Amazon forest, containing compounds with potential for use as a prophylactic agent
against the parasite [31]. The ethyl acetate fraction of the aqueous extract of leaves of
Camellia sinensis and the principal components of this fraction (catechins)
demonstrated a trypanocidal effect against trypomastigote and amastigote forms [32].
Trypanocidal activity has been reported in native plants of Iran, such as Dracocephalum
komarovi, and of Asian countries, such as Vitex trifolia L. [8,33]. Studies involving the
analysis of extracts of other plants have also revealed a potential effect against T. cruzi,
for example, extracts of Arrabidaea triplinervia and Azorella compacta [7,9].

Citotoxic activity

An important criterion in the search for active compounds with trypanocidal
activity is its toxicity toward mammalian host cells. These cells are often utilized as
indicators of cytotoxicity due to their phagocytic capacity. H. martiusii shown a
moderate toxicity using 100 and 10 pg in J774 macrophages, when compared with the
results exhibited on the work of Roldos et al. [34]. This result indicates the necessity of

new experiments in vivo to determine the effect of this toxicity in a living system.
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The cytotoxic activity of other plants has been evaluated in different human cell
models, such as: compounds isolated from Calophyllum brasiliense, tested in human
lymphocytes [4]; extracts and fractions of Capparis spinosa, Kleinia odora and Psidia
punctulata, tested in MRC-5 cells [35]; and neolignans such as licarin A and burchellin,
evaluated in peritoneal macrophages [36]. The ethanolic extract of H. martiusii appears
to be promising in the development of more effective therapies, mainly due to the
moderate level of toxicity in vitro, which allows us to proceed with in vivo studies for

drug evaluation.
Antifungal Activity

Extracts of various plants, such as Himatanthus articulatus, Mentha longifolia,
Malva sylvestris and Psidium guajava [12-14], have been tested against yeasts of the
genus Candida and represent an alternative in the treatment of candidosis. However,
this is the first report of activity and potentiation of the activity of an antifungal drug
combined with a H. martiusii extract. The potentiating effect of the extracts of H.
martiusii and of other plants has been demonstrated against bacteria showing multidrug
resistance with respect to antibiotics [16,17,22,23,38-40].

This strategy is called "herbal shotgun™ or " synergistic multi-effect targeting"
and refers to the utilization of plants and drugs in an approach using mono- or multi-
extract combinations, which can affect not only a single target but various targets,
where the different therapeutic components collaborate in a synergistic-agonistic
manner. This approach is not only meant for combinations of extracts; combinations
between natural products or extracts and synthetic products or antibiotics are also
possible [41,42].

Conclusion

Our results indicate that Hyptis martiusii could be a source of plant-derived natural
products with antiepimastigote and antifungal- modifying activity with moderate
toxicity, representing an interesting alternative in efforts to combat infectious diseases

such as candidiasis and Chagas’ disease.
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Table 1:
Percent parasite lysis induced by extracts of Hyptis martiusii against the epimastigote
form of Trypanosoma cruzi CL-B5 strain

Extract Concentrations 9%AE %SD % C ECxo
(Hg/mL)
EEHM 100 46,05 1,55 37
10 41,10 2,31 29 23,98
1 10,77 2,92 19
Nifurtimox 10 89,1 3,3 -
1 54,9 0,7 - 0,91
0,5 45,6 4,2 -

%AE — Kill percentual of anti-epimastigote activity, %SD — standard deviation, % C —
citotoxic percentual, ECs — Effective concentration with 50% of activity.

Table 2:
Antifungal and modulation activity of Hyptis martiusii against the yeast strains of C.
albicans, C.krusei and C. tropicalis

C. albicans C.krusei C.tropicalis
Extract/antifungal alone +EEHM Alone +EEHM Alone +EEHM
EEHM >1024 - 256 - >1024 -
Anphotericin B >1024 >1024 >1024 >1024  >1024 >1024
Mebendazole >1024 >1024 >1024 >1024  >1024 >1024
Nistatin >1024 >1024 >1024 >1024  >1024 >1024
Metronidazole 64 64 >1024  >1024 128 32
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5.7 Avaliacdo da atividade anti-Trypanosoma e anti-Leishmania de Mentha arvensis

e Turnera ulmifolia

RESUMO

Doenca de Chagas, causada por Trypanosoma cruzi, afeta cerca de 18 milhdes
de pessoas nas Américas. Atualmente, a quimioterapia é o Unico tratamento disponivel
para esta doencga, onde os medicamentos utilizados s&o nifurtimox e benzonidazol.
Leishmaniose tegumentar Americana no Brasil é causada por uma variedade de espécies
de Leishmania e uma grande diversidade destes parasitas pode ser encontrada na Regido
Amazonica. Revisdes recentes na quimioterapia de leishmaniose enfatizam as
deficiéncias dos agentes terapéuticos atualmente disponiveis e mostram a necessidade
urgente de novos candidatos. Uma alternativa para substituir esses medicamentos sao
extratos naturais de Mentha arvensis e Turnera ulmifolia. Foram preparados extratos
etandlicos das folhas de M. arvensis e T. ulmifolia. Para os testes in vitro de T. cruzi, foi
utilizado o clone CL-B5 e para Leishmania brasiliensis foram utilizadas formas
promastigotas. O ensaio de citotoxicidade foi realizado com linhagens de fibroblastos.
Nossos resultados indicam que M. arvensis foi eficaz contra as cepas de parasitos
testadas apresentando uma fonte alternativa de produtos naturais com atividade contra

T. cruzi e L. brasiliensis.

Palavras-Chave: Trypanosoma cruzi, Leishmania Dbraziliensi, Mentha arvensis,

Turnera ulmifolia, atividade citotoxica.
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Abstract (Evaluation of the anti-Trypanosoma and anti-Leishmania activity of Mentha
arvensis and Turnera ulmifolia): Tripanosomiasis or “Chagas disease”, cause by
Trypanosoma cruzi, affect 18 million people in Latin America. Today, the
chemotherapy is the only treatment against this disease, being the most used drugs the
nifurtimos and benzonidazole. Leishmaniasis is a disease caused by parasites of the
genus Leishmania, mainly founded in regions with forests, as the Amazonia. Recent
reports about the Leishmaniasis indicate an deficit of therapeutical drugs available
against this disease and reinforce the necessity of the discovering of new drugs. An
interesting approach is the use of natural products, as the extracts of plants as Mentha
arvensis and Turnera ulmifolia. For the in vitro assays against T. cruzi and Leishmania,
was used the clone CL-B5 and promastigote forms, respectively. The cytotoxic assay
ws performed using fibroblasts. Our results indicated that M. arvensis was active
against all strains assayed, representing and interesting and alternative source of natural

products with anti-kinetoplastida activity.

Keywords: Trypanosoma cruzi, Leishmania braziliensi, Mentha arvensis, Turnera

ulmifolia, cytotoxic activity.

INTRODUCAO

Paises em desenvolvimento, ricos em biodiversidade e com abundantes
conhecimentos tradicionais como no caso do Brasil, ainda apresentam uma alta
incidéncia das chamadas “doengas negligenciadas”, como tuberculose, maldria,
leishmaniose e doenga de Chagas (Funari & Ferro 2005), doengas que podem ser
tratadas com produtos naturais de origem vegetal. O Brasil tem a maior biodiversidade
do mundo, com mais de 55 mil espécies de plantas catalogados, de um total de 550 mil
espécies (Elisabetsky & Costa-Campos 1996), mas somente 8% tém sido estudados na

procura de compostos bioativos (Garcia et al. 1996).

A doenca de Chagas, causada por Trypanosoma cruzi, afeta cerca de 18 milhdes
de pessoas nas Américas (Reyes-Chilpa et al. 2008). O parasita pode ser transmitido aos
humanos por insetos triatomineos, alimentos contaminados pelas fezes do inseto,

transfusdo de sangue, transplantes de 6rgdos a partir de doadores infectados e por via
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transplacentaria (WHO 2010). Atualmente, a quimioterapia € o Unico tratamento
disponivel para esta doenca, onde os medicamentos utilizados sdo nifurtimox e
benzonidazol (WHO 2010), que mostra uma taxa de cura de 50-70% na fase aguda e
menos de 20% na fase cronica (Dias & Dessoy 2009). Vérios estudos envolvendo a
analise de extratos de plantas tém revelado uma alternative na procura por compostos
com potencial contra T. cruzi, como por exemplo, extratos de Arrabidaea triplinervia
(Leite et al. 2006), Dracocephalum kotschyi (Saeidnia et al. 2004) e Azorella compacta
(Araya et al. 2003).

Leishmaniose tegumentar Americana no Brasil é causada por uma variedade
dermotopica de espécies de Leishmania e uma grande diversidade destes parasitas pode
ser encontrada na Regido Amazonica (Rangel & Lainson 2009). Revisdes recentes sobre
a quimioterapia de leishmaniose enfatizam as deficiéncias dos agentes terapéuticos
atualmente disponiveis e mostram a necessidade urgente de novos candidatos (Croft et
al. 2005, Croft et al. 2006). Leishmanioses € um grupo de doengas tropicais causada por
parasitas de cerca de 20 espécies do género Leishmania, que foram transmitido por um
grupo de 50 espécies e subespéecie de insetos flebotomineo (Tesh 1989, Young &
Duncan, 1994). Leishmaniose apresenta diversas e complexas manifestacfes clinicas
(Desjeux 2004).

A avaliacdo da toxicidade de substancias ativas € um dos primeiros passos para a
utilizacdo destes compostos em modelos animais. Atualmente as drogas utilizadas para
parasitas como T. cruzi e L. braziliensis mostra uma alta toxicidade porque metabdlitos
produzidos afetam tecidos do hospedeiro devido a sua alta reatividade (Dias & Dessoy
2009).

Mentha arvensis (Labiatae) é uma planta herbacea que ocorre em toda America
do Sul. Esta planta e particularmente seu oleo essencial sdo comumente usado na
medicina popular, explorando uma ampla gama de atividades biologicas e
farmacologicas (Coutinho et al. 2008, 2009a). VVarios compostos tem sido isolado destes
6leos, principalmente mentol, p -mentona, acetato de mentol e outros fitoquimicos
(Wannissorn et al. 2005, Duarte et al. 2005).

Turnera ulmifolia L. (Turneraceae), uma pequena erva anual, pode ser

encontrado no Norte e Nordeste brasileiro, onde é considerada uma erva daninha (Braga
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1976). Ela cresce preferencialmente em solos arenosos e em encostas. T. ulmifolia L. j&
é conhecida por ser de valor medicinal, sendo utilizada popularmente como anti-
inflamatorios, como um expectorante, e no tratamento de varios problemas (Braga 1976,
Pio Corréa 1984, Hosamani 1993). Autores detectaram flavonoides, alcaloides, taninos
e compostos fenolicos em preparados desta planta (Antonio & Souza Brito 1998,
Gracioso et al. 2002, Nascimento et al. 2006) assim como diversas atividades
farmacolégicas (Coutinho et al. 2009b, 2010).

MATERIAIS E METODOS
Material vegetal

Folhas de M. arvensis e T. ulmifolia foram coletadas na estagdo chuvosa (April,
2008) na cidade do Crato, estado do Ceard, Brasil. O material vegetal foi identificado
pela Dra. Arlene Pessoa, e as exsicatas foram depositadas com os nimeros 2886 e 1618,
respectivamente, no Herbario “Dardano de Andrade Lima” da Universidade Regional
do Cariri — URCA.

Preparacdo dos Extratos Etanodlicos de Mentha arvensis (EEMA) e Turnera ulmifolia
(EETU)

200 g de folhas de cada espécie foram secas em estufa e pulverizadas em
temperatura ambiente. O material pulverizado foi macerado utilizando 1L de etanol
95% em temperatura ambiente durante 72h. O extrato obtido foi filtrado e concentrado a
vacuo em rotaevaporador a 60°C e 760mm/Hg de temperatura e pressao,
respectivamente (Brasileiro et al. 2006). O rendimento dos extratos obtidos foi entre 5-6
g de cada extrato. Os extratos EEMA e EETU foram diluidos em DMSQO para realizacdo

dos testes.
Linhagens celulares utilizadas

Para os testes in vitro de T. cruzi, foi utilizado o clone CL-B5 (Buckner et al.
1996). Os parasitas, transfectados de forma estavel com o gene para a B-galactosidase
de Escherichia coli (lacz), foram fornecidos pelo Dr. F. Buckner através do Instituto
Conmemorativo Gorgas (Panama). As formas epimastigotas foram cultivadas a 28°C

em Meio de cultura Liver Infusion Tryptose Broth (Difco, Detroit, Ml), suplementado
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com Soro Fetal Bovino 10% (SFB) (Gibco, Carlsbad, CA), penicilina (Ern, S.A.,
Barcelona, Spain) e estreptomicina (Reig Jofr'e S.A., Barcelona, Spain), conforme
descrito por Le Senne et al. (2002). As células foram coletadas para os testes na fase

exponencial de seu crescimento.

Culturas de Leishmania spp. foram obtidas do Instituto de Investigaciones en
Ciencias de la Salud, Asuncio’n, Paraguay — IICS e identificadas por analise
isoemzimatica. A manutencéo das linhagens, forma de cultivo e isolamento das formas
promatigotas de Leishmania spp. Seguiram os procedimentos descritos por Roldos et al.
(2008). Os ensaios de inibicdo das formas promastigotas foram realizados utilizando a
linhagen de L. braziliensis (MHOM/BR/75/M2903), cultivada a 22 °C em meio
Schneider’s Drosophila, suplementado com SFB 20%.

Os ensaios de citotoxicidade utilizaram a linhagem de fibroblastos NCTC929,
cultivada em Minimal Essential Medium (Sigma). O meio de cultura foi suplementado
com SFB inativada por calor (10%), penicilina G (100 U/mL) e estreptomicina (100
mg/mL). As culturas foram mantidas a 37°C em atmosfera tmida com 5% de CO2. A
viabilidade destas linhagens foi avaliada através do uso da resazurina como método

colorimétrico (Rolon et al. 2006).
Reagentes

Resazurina sddica foi obtida da Sigma—Aldrich (St Louis, MO) e estocada a 4°C
ao abrigo da luz. A solucdo de resazurina foi preparada com tampao fosfato 1%, pH 7 e
esterilizada por filtragdo antes de ser utilizada. O Clorofenol vermelho-p-D-
galactopiranosidio (CPRG; Roche, Indianapolis, IN) foi dissolvido em uma solucéo de
Triton X-100 0.9% (pH 7.4). Penicilina G (Ern, S.A., Barcelona, Spain), estreptomicina
(Reig Jofr'e S.A., Barcelona, Spain) e Dimetilsulféxido (DMSO) também foram

utilizados.
Teste de atividade antiepimastigota

O teste foi realizado em microplacas com 96 cavidades, com culturas na fase
exponencial, conforme descrito por Vega et al. (2005). Epimastigotas foram inoculados

emu ma concentragdo de 1 x 10° mL™ em 200pL de liver tryptose broth medium. As
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placas foram entdo incubadas com as drogas nas concentracfes de 100 e 500 pg/mL a
28°C por 72 h. Apos este tempo, foram adicionados 50 pL da solucdo de CPRG, de
forma a atingir uma concentracdo final de 200uM. As placas foram incubadas por um
tempo adicional de 6h a 37°C e foram submetidas a visualizacdo sob 595nm. Cada
experimento foi realizado duas vezes e de forma independente, tendo sido cada
concentragéo testada em triplicata em cada experimento. A eficiéncia de cada composto
foi estimada através do calculo do percentual de atividade antiepimastigota (AE%).

Teste de atividade antipromastigota

Culturas de formas promastigotas de L. brazilianse foram cultivadas até uma
concentracdo de 10° células/mL e entéo transferidas para o teste. Os compostos foram
dissolvidos em DMSO até as concentracdes a serem testadas e foram transferidos para
as microplacas. Cada ensaio foi realizado em triplicata. A atividade dos compostos foi
avaliada ap6s 72h por contagem direta das células apos diluicbes seriais e comparadas

com um controle ndo tratado.
Teste de citotoxicidade

Fibroblastos NCTC929 foram plaqueados em microplacas de 96 cavidades a
uma concentracéo final de 3 x 10* células/cavidade. As células foram cultivadas a 37 °C
em atmosfera com 5% de CO,. Apos isso, 0 meio de cultura foi removido e os
compostos foram adicionados a 200 pL, sendo realizado um novo cultivo por 24h. Apos
esta incubagdo, 20 puL de uma solugdo de Resazurina 2 mM foi adicionada em cada
cavidade. As placas foram incubadas por 3h e a reducdo da resazurina foi determinada
através de dupla absorbancia nos comprimentos de onda de 490 e 595 nm. O valor do

controle (branco) foi subtraido. Cada concentracdo foi testada em triplicata.
RESULTADOS E DISCUSSAO

Os resultados s@o mostrados na tabela 1, EEMA apresentou toxicidade moderada
na concentracdo de 100 pg/mL, jA EETU demonstrou ndo citotoxico na concentracéo de
100 pg/mL.

Na avaliacdo da atividade antiparasitiria, EEMA apresentou 65% e 47% de

inibicdo em T. cruzi e L. braziliensis respectivamente em 500 pg/mL, ja EETU
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apresentou 29% e 9% de inibicdo em T. cruzi e L. braziliensis respectivamente em 500

pg/mL.

A estratégia de pesquisa por novos farmacos para o tratamento da doenca de
chagas passa por ensaios in vitro e in vivo que sdo executados em diferentes etapas. De
acordo com a Organizacdo Mundial de Saude (OMS) um candidato deve ser submetido
a ensaios in vitro de citotoxicidade e atividade antiparasitaria, realizada essa primeira
triagem os resultados séo analisados para definir a possibilidade de ensaios in vivo (Dias
& Dessoy 2009).

Os resultados demonstram que o extrato de M. arvensis apresentou uma melhor
atividade contra as duas linhagens de parasitas quando comparado com o extrato de T.
ulmifolia. Contra as formas epimastigotas de T. cruzi e promastigotas de L. braziliense,
M. arvensis apresentou um percentual de inibicdo préximo ou maior que 50% de
inibicdo a uma concentracdo de 500 pg/mL, dado importante visto que uma inibicao
neste nivel com uma concentracdo de 500ug/mL é considerado clinicamente relevante
(Rosas et al. 2007). Este € o primeiro relato de atividade anti-trypanosoma e anti-
leishmania para M. arvensis. Outras espécies do género Mentha ja foram testadas contra
T. cruzi. M. spicata demonstrou atividade moderada e M. piperita foi inativa contra
formas epimastigotas (Rojas et al. 2007). Extrato de Haplophyllum myrtifolium ja foi
testado contra formas promastigotas de Leishmania, demonstrando uma atividade

inibitdria significativa contra o parasita (Ostan et al. 2007).

Um importante critério na procura por compostos ativos com atividade
tripanocida e leishmanicidal é a avaliacdo da toxicidade em células do hospedeiro. A
atividade citotoxica de outras plantas foram avaliadas em diferentes modelos de células
humanas, tais como: linfocitos humanos (Reyes-Chilpa et al. 2008), células MRC-5

(Cabral et al. 2010) e macrofagos peritoneais (Houghton et al. 2007).

Nossos resultados indicam que M. arvensis foi eficaz contra as cepas de parasitos
testadas apresentando uma fonte alternativa de produtos naturais com atividade contra
T. cruzi e L. brasiliensis. Em se tratando da citotoxicidade novos testes devem ser

realizados ja que os niveis foram elevados, viabilizando futuros ensaios in vivo.
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Tabela 1: Atividade antiepimastigota T. cruzi, atividade antipromastigota L. brasiliensis
e citotoxicidade.

Extracts (S;/?T?E) Cyt(()ot/:))é;city Antiparasitic activity
Trypanossoma Leishmania
(%AE) (%AP)
EEMA 500 75 65 47
100 31 25 0
EETU 500 49 29 9
100 0 0 0

EEMA- Extrato Etanolico de Mentha arvensis, EETU- Extrato Etandlico de Turnera
ulmifolia, %AE — porcentagem de inibicdo epimastigota, %AP — porcentagem de
inibicdo promastigota.
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6 CONCLUSOES

Todos os extratos etanolicos foram testados quanto a atividade antiepimastigota
de Trypanosoma cruzi. O extrato etandlico de Eugenia jambolana demonstrou a maior
porcentagem de inibicdo do parasita, sendo capaz de eliminar 100% da amostra em uma
concentracdo de 100 pg/mL. Os extratos etanolicos de Momordica charantia, Eugenia
uniflora e Hyptis martiusii apresentaram uma inibicédo de 81, 80 e 46 % respectivamente
em uma concentra¢do de 100 pg/mL. O extrato etandlico de Mentha arvensis exibiu
65% de inibicdo a uma concentragdo de 500 pg/mL, todos os resultados apresentaram
%AE de relevancia clinica, com excecdo do extrato etanolico de Turnera ulmifolia que

ndo foi capaz de inibir 50% da amostra a uma concentracdo de 500 pg/mL.

Na avaliacdo da citotoxicidade em macrofagos o extrato de etandlico de E.
uniflora apresentou o menor efeito toxico; os extratos etandlicos de M. charantia, E.
jambolana e H. martiusii exibiram toxicidade moderada; os extratos etandlicos de M.
arvensis e T. ulmifolia demonstraram toxicidade elevada, essa alta citotoxicidade pode
ser explicada pela possibilidade de seus fitoconstituintes estarem interagindo de modo a

aumentar esse efeito toxico.

Na avaliacdo da CIM dos extratos, apenas o extrato etandlico de H. martiusii
demonstrou uma inibicdo de 256 pg/mL para a cepa C. krusei ATCC 40147, todos os
outros extratos apresentaram uma CIM de 1024 pg/mL.

Nos testes de modulacéo da atividade dos antifingicos, 0s extratos etanélicos de
H. martiusii, M. arvensis, T. ulmifolia, M. charantia, E. uniflora quando associados a
metronidazol reduziu 2 pontos da CIM da droga para a cepa C. tropicalis ATCC 13803,
ja o extrato etandlico de E. jambolana diminuiu a CIM de metronidazol em 2 pontos
para a cepa C. albicans ATCC 40277. Para todas as outras drogas a CIM néo exibiu
diferenca quando associado aos extratos.
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