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RESUMO

Plantas do género Hypericum sédo bem conhecidas por sua utilizacdo na medicina
tradicional, sendo Hypericum perforatum a espécie mais estudada. No Sul do Brasil,
esse género é representado por cerca de 20 espécies, entre elas, destaca-se H.
polyanthemum, o qual apresenta em extrato lipofilico a presenca de uliginosina B,
um derivado de floroglucinol, e trés benzopiranos: HP1, HP2 e HP3. Partes aéreas
de H. polyanthemum foram submetidas a extracdo com fluido supercritico (SFE),
sendo realizadas extracdes sucessivas com dioxido de carbono nas pressées de 90,
120, 150 e 200 bar, em diferentes temperaturas (40, 50 e 60 °C). Posteriormente, as
fracbes obtidas foram comparadas com extrato n-hexano obtido por técnica
convencional (ultra-som). SFE apresentou maior seletividade que a extragdo com n-
hexano, sendo a 50 °C a melhor condi¢do para extrair os metabdlitos bioativos. Para
extragdo do composto com maior peso molecular, uliginosina B, pressdes mais
elevadas foram necessérias. Além disso, avaliou-se a atividade anti- Trichomonas
vaginalis do extrato obtido por SFE a 50 °C/150 bar e dos compostos isolados. Os
resultados indicam que todas as amostras testadas possuem atividade anti-T.
vaginalis, porém, HP1 demonstrou melhor seletividade frente ao protozoario (isolado
metronidazol-resistente e -suscetivel), sem apresentar citotoxicidade contra células
de mamiferos. Ainda, o HP1 apresentou satisfatéria atividade contra isolado
metronidazol-resistente (52% de trofozoitos viaveis), apresentando efeito sinérgico
guando testado com baixa concentragcdo de metronidazol (23% de trofozoitos
viaveis). Todos os compostos isolados provocaram danos na membrana do parasito
(liberagdo de LDH > 90%) e nenhuma das amostras apresentou efeito hemolitico
importante, sendo que HP2 e uliginosina B apresentaram citotoxicidade frente a
células de mamiferos. Portanto, benzopiranos e derivados de floroglucinol séo
moléculas promissoras como prototipos para novos farmacos tricomonicida,
principalmente HP1, visto que corrobora com a agdo do metronidazol em isolados de
T. vaginalis resistentes. No entanto, mais estudos sdo necessarios a fim de melhorar
a atividade antiprotozoaria das moléculas testadas, sem que as mesmas

apresentem toxicidade para células de mamiferos.

Palavras-Chave: Hypericum, benzopiranos, derivados de floroglucinol, extragdo com
fluido supercritico, Trichomonas vaginalis, citotoxicidade.






ABSTRACT

Enrichment of active metabolites of Hypericum polyanthemum

and evaluation of anti- Trichomonas vaginalis activity

Plants of the genus Hypericum are well known for their use in traditional medicine,
being H. perforatum the most important species. In South Brazil, this genus is
represented by approximately 20 species and among them, H. polyanthemum
showed in the lipophilic extract the presence of uliginosin B, a phloroglucinol
derivative, and three benzopyrans: HP1, HP2 and HP3. Aerial parts of H.
polyanthemum were submitted a supercritical fluid extraction (SFE), being
successively extracted with supercritical carbon dioxide under pressures of 90, 120,
150 and 200 bar at different temperatures (40, 50 and 60 °C), and compared with the
n-hexane extract obtained by ultrasound-assisted extraction. SFE presented higher
selectivity than the n-hexane extration. The best condition to extract the target
metabolites has been determined to be at 50 °C, being that for the high molecular-
weight compound, uliginosin B, higher pressures was required. Moreover, the anti-
Trichomonas vaginalis activity of the extract obtained by SFE at 50 °C/150 bar and
the isolated compounds was evaluated. The results showed that all samples have
anti-T. vaginalis activity; however, HP1 demonstrated the best selectivity against this
protozoa (metronidazole-resistant and -susceptible isolates), with no cytotoxicity
against mammalian cells. In addition, HP1 has good activity against metronidazole-
resistant isolate (52% of viable trophozoites), presenting synergic effect when tested
with low concentration of metronidazole (23% of viable trophozoites). All isolated
compounds caused damage in the parasites membrane, revealed by more than 90%
of LDH release. None of the samples presented important hemolytic effect, and HP2
and uliginosin B presented cytotoxicity against mammalian cells. Therefore,
benzopyrans and phloroglucinol derivative are promising molecules as prototypes for
new antiprotozoal drugs, especially HP1, which improve metronidazole action against
a resistant T. vaginalis isolate. Nevertheless, more studies are necessary in order to

enhance their in vitro antiprotozoal activity without toxicity for mammalian cells.

Keywords: Hypericum, benzopyrans, phloroglucinol derivative, supercritical fluid
extraction, Trichomonas vaginalis, cytotoxicity.
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1. INTRODUCAO







Produtos naturais tém sido utilizados no tratamento e alivio de doencas desde o
inicio da histéria humana. Baseados na medicina popular, estudos cientificos nesta
area vém sendo desenvolvidos ha séculos, e ao longo destes anos, tém sido a fonte
mais importante de produtos farmacéuticos. Em uma extensa revisdo de novos
farmacos introduzidos no mercado entre 1981 e 2002, 28% das 868 novas entidades
quimicas eram produtos naturais ou seus derivados, e outros 24% foram criados a
partir de um farmacoforo de origem natural (NEWMAN et al., 2003). Muitas sédo as
razdes para pesquisa de produtos naturais como moléculas bioativas, como sua
elevada diversidade quimica (complexidade estrutural), sua similaridade estrutural

com proteinas-alvo, entre outras (HARVEY, 2007).

Atualmente, as pesquisas em torno da descoberta de novos medicamentos no
combate a infec¢cdes por microrganismos tém recebido pouca atencdo, sendo que
apenas 23% dos medicamentos langados no mercado entre 01/1981 e 06/2006 s&o
antibacterianos, antifungicos, antivirais e antiparasitarios (NEWMAN e CRAG, 2007).
Dentre eles, com menor parcela encontram-se 0s antiparasitarios, onde apenas 15

novos medicamentos foram introduzidos no mercado.

Doencas parasitarias causadas por helmintos e protozoarios possuem grande
prevaléncia mundial e afetam principalmente populacbes de paises tropicais
subdesenvolvidos. Por esta razdo, o investimento na pesquisa de novos farmacos
antiparasitarios é extremamente baixo (0,1% do investimento total). Historicamente,
a descoberta de medicamentos para este fim tem sido conduzida através do uso de
poucos recursos e estratégias de baixo risco por parte das industrias farmacéuticas
(FREARSON et al.,, 2007). Ainda, muitos farmacos foram primeiramente
desenvolvidos para outras indicagcdes, como por exemplo, a miltefosina, uma
alquilfosfocolina desenvolvida originalmente como antineoplasico e que se mostrou

efetiva no tratamento de infec¢Bes por protozoarios (BLAHA et al., 2006).

Considerando que aproximadamente um bilhdo de pessoas sdo afetadas por
doencas parasitarias e que, em consequéncia da infeccédo, entre 137 a 534 mil
pessoas morrem por ano e entre 12,8 a 56,6 milhdes de pessoas sofrem prejuizos
na qualidade de vida (DALY, do inglés disability-adjusted life year) (FREARSON et
al., 2007), doencas parasitarias sdo um problema de saude publica grave com

consequéncias sécio-econdmicas relevantes. Portanto, alternativas



terapéuticas eficientes e de baixo custo devem ser investigadas.

Muitas pesquisas com produtos naturais visando atividade citotoxica contra
parasitos vém sendo desenvolvidas (FROLICH et al., 2005; SOARES et al., 2007;
BARRETT, 2010; BUCKNER e NAVABI, 2010; GIORDANI et al., 2010). Plantas do
género Hypericum sdo conhecidas na medicina tradicional, tendo como principal
representante H. perforatum L., Erva-de-Sdo-Jodo, espécie européia utilizada no
tratamento da depressao leve a moderada (BILIA et al., 2002; CERVO et al., 2002).
Neste género, derivados de floroglucinol encontram-se amplamente distribuidos,
sendo hiperforina e ad-hiperforina, moléculas encontradas em H. perforatum L.
Verrota e colaboradores (2007), verificaram uma relevante atividade da hiperforina
frente ao protozoario Plasmodium falciparum, agente etiolégico da malaria. Neste
contexto, este trabalho aborda a agédo anti-Trichomonas vaginalis de produtos
naturais (benzopiranos e derivados de floroglucinol) oriundos de Hypericum

polyanthemum, espécie nativa do sul do Brasil.

Trichomonas vaginalis € um patégeno de mucosa causador da tricomonose, a
doenca sexualmente transmissivel nao viral mais comum no mundo, que acomete o
trato urogenital humano de cerca de 170 milhdes de pessoas por ano (WHO, 2001).
Metronidazol é o medicamento de escolha para o tratamento de infec¢cdes causadas
por T. vaginalis, no entanto, isolados resistentes ja foram descritos (SOBEL et al.,
1999; KLEBANOFF et al., 2001). Assim, a pesquisa de novas moléculas ativas, que
possuam acao frente a isolados resistentes sem apresentar toxicidade a células

humanas, torna-se de grande importancia.

No estudo da atividade bioldgica de produtos naturais, deve-se considerar o
montante de material vegetal a ser empregado a fim de obter produtos isolados em
guantidade suficiente para identificacdo e ensaios biolégicos (cerca de 50 mg). Para
o0 isolamento de substancias presentes em pequena concentragdo no material
vegetal seco (0,001%) €é necessaria uma grande quantidade planta (5 Kkg)
(McCHESNEY et al.,, 2007). Desta forma, o emprego de técnicas analiticas de
extracdo e purificacdo que utilizem reduzidas quantidades (poucos gramas) de
material vegetal € um caminho a ser explorado. Neste sentido, a extracdo com fluido

supercritico pode contribuir como método de preparo de amostra adequado e



eficiente (LANCAS et al., 1997).

A extracdo com fluido supercritico € um processo extrativo que utiliza um fluido
no estado supercritico, frequentemente o didxido de carbono. Esta técnica apresenta
inlmeras vantagens, como utilizar um solvente ndo inflaméavel, atdéxico e de facil
remocdo do extrato. Além disso, se corretamente planejada, permite o isolamento
seletivo de classes de compostos, evitando a necessidade de etapas adicionais de
purificacdo dos extratos. Todas estas caracteristicas sdo aliadas ao fato de ser uma
técnica simples, envolvendo poucas etapas e com um rendimento superior as

técnicas classicas com tempo inferior de extracéo (LANCAS, 2002).

A crescente demanda pela utilizacdo de plantas no tratamento ou prevencéo de
doencas, bem como a exploracdo das mesmas visando a obtencdo de substancias
de interesse, tem resultado em uma intensa exploracao da flora nativa, o que pode
levar a reducado das populacdes naturais dessas espécies, colocando-as em risco de
extincdo (FRANCA, 2003). Desta forma, torna-se de grande importancia o
desenvolvimento de métodos que possibilitem a extracdo de substancias presentes
em espécies vegetais de forma mais seletiva, com maior rendimento e ainda,

utilizando quantidades reduzidas de material vegetal.

A abordagem deste trabalho foi o desenvolvimento de nova metodologia de
extracdo de metabdlitos ativos de Hypericum polyanthemum utilizando diéxido de
carbobno supercritico, visando obter fracdes enriquecidas nos metabdlitos ativos,
sem a utilizacdo de solventes organicos e com maior rapidez. Os extratos obtidos
por esta metodologia, assim como os produtos isolados, foram avaliados quanto a
acao antiparasitaria, utiizando como modelo celular o protozoario Trichomonas

vaginalis.
1.1Espécies de Hypericum nativas do sul do Brasil

O género Hypericum L., pertencente a familia Guttiferae (Clusiaceae), possui
mais de 460 espécies, divididas em 30 sec¢cBes. Algumas espécies sao endémicas,
outras estdo distribuidas mundialmente. Estas espécies possuem grande
variabilidade, o que também se reflete na habilidade de sintetizar metabdlitos

bioativos. Porém, estas espécies possuem uma forte tendéncia a acumular



compostos fendlicos com padrdo de substituicdo floroglucinol (ROBSON, 1990;
2006).

Aproximadamente vinte espécies do género Hypericum tém ocorréncia natural no
Brasil e concentram-se principalmente na regido sul do pais. Estas espécies
pertencem a secdo Brathys e Trigynobrathys. Esta Ultima secdo possui 0 maior
namero de representantes nativos (18 espécies), sendo Hypericum piriai Arechav. e
Hypericum gentianoides (L.) Britton, os Unicos dois representantes da secao Brathys
(ROBSON, 1990).

Algumas das espécies nativas do Rio Grande do Sul (RS) foram avaliadas
guanto a constituicdo quimica, verificando-se a producdo de compostos fendlicos,
tais como xantonas (ROCHA et al., 1994), benzofenonas (BERNARDI et al., 2005),
benzopiranos (FERRAZ et al., 2001), floroglucindis (ROCHA et al., 1995; FERRAZ et
al., 2002a; NOR et al., 2004), flavonoides e taninos (DALL’AGNOL et al., 2003), bem
como auséncia de hipericina e derivados (FERRAZ et al., 2002b), considerados
juntamente com hiperforina, as substancias marcadoras quimicas de Hypericum

perforatum L., espécie nativa da Europa, Asia e Africa (BILIA et al., 2002).

Além disso, algumas propriedades farmacoldgicas vém sendo reveladas por
estudos biolégicos. Dentre estas, destacam-se aquelas demonstradas para 0s
benzopiranos de H. polyanthemum: acgdo antitumoral (FERRAZ et al.,, 2005a),
antiproliferativa (GRIVICICH et al., 2008), atividade inibitoria da monoamina oxidase
(IMAO) (GNERRE et al.,, 2001), antimicrobiana (DALL’AGNOL et al.,, 2005) e
antinociceptiva (HAAS et al.,, 2010). Entre os derivados de floroglucinol isolados,
uliginosina B de H. myrianthum (FERRAZ et al., 2002a), H. carinatum e H.
polyanthemum (NOR et al., 2004) apresentou atividade antimicrobiana
(DALL’AGNOL et al., 2005); hiperbrasilol B, presente em H. caprifoliatum, H.
connatum (NOR et al., 2004) e H. brasiliense (ROCHA et al., 1995), assim como
japonicina A, isolada de H. myrianthum, também possuem ac¢do antimicrobiana
(ROCHA et al., 1995; DALL’AGNOL et al., 2005). Além dos produtos isolados, muitos
extratos e fracbes vém apresentando atividades interessantes, como acaricida
(RIBEIRO, et al., 2007), antiviral (SCHMITT et al.,, 2001; FRITZ et al., 2007),
analgésica (VIANA et al.,, 2003), antifungica (FENNER et al., 2005), antioxidante
(BERNARDI et al., 2008a), antiproliferativa (FERRAZ et al., 2005b), e tipo



antidepressiva (VIANA et al., 2003; 2006), de modo que a continuidade nos estudos,

tanto quimicos quanto biolégicos, dessas espécies de Hypericum se faz necessaria.
1.2 Hypericum polyanthemum

Hypericum polyanthemum Klotzsch ex Reichardt (Figura 1) apresenta como
principais metabdlitos secundarios o derivado de floroglucinol uliginosina B, e os trés
benzopiranos: 6-isobutiril-5,7-dimetoxi-2,2-dimetilbenzopirano (HP1), 7-hidroxi-6-
isobutiril-5-metoxi-2,2-dimetil-benzopirano (HP2) e 5-hidroxi-6-isobutiril-7-metoxi-2,2-
dimetilbenzopirano (HP3) (FERRAZ et al., 2001; NOR et al., 2004) (Figura 2).

Figura 1. Hypericum polyanthemum Klotzsch ex Reichardt.

HP1 R,;=CHj, R»= CH3
HP2 R,=CHs. R=H
HP3 R,=H. R,=CH;

Uliginosina B

Figura 2. Estrutura quimica do derivado de floroglucinol uliginosina B e dos
benzopiranos HP1, HP2 e HP3.



Embora as diversas espécies de Hypericum nativas do RS apresentem rica
composicao fitoquimica, os resultados obtidos com H. polyanthemum demonstram
sua relevancia como potencial recurso medicinal natural. Dentre todas as atividades
relatadas no item 1.1, estudos destacam o efeito antinociceptivo de compostos
isolados desta espécie, atividade mais importante no ponto de vista farmacolégico.
Inicialmente, o extrato n-hexano apresentou tal efeito mediado pelo sistema opidide
(VIANA et al.,, 2003) e, em um segundo momento, estudos mostraram que 0
floroglucinol uliginosina B, investigado por esta atividade, ndo atuava por este
mecanismo de acdo (STOLZ et al., 2008). Na sequéncia, os benzopiranos também
foram analisados e HP1 demonstrou ser o responsavel pela acdo mediada pelo
sistema opidide (HAAS et al., 2010).

O destacado potencial terapéutico demonstrado por extratos apolares e
substancias isoladas de H. polyanthemum levou ao desenvolvimento de protocolos
de cultivo otimizados para a espécie e de metodologias que aumentem o
rendimento dos metabdlitos ativos. A micropropagacdo foi realizada a partir de
plantas coletadas em Cacapava do Sul, RS (BERNARDI et al., 2007), e o posterior
cultivo a campo conduzido com sucesso (BERNARDI et al., 2008b). Estes estudos
mostraram que as plantas cultivadas sdo capazes de manter a biossintese dos
benzopiranos, bem como a de outros compostos fendlicos. Ja a extracdo com fluido
supercritico (SFE) surgiu como uma alternativa ao uso de solventes organicos a
baixas pressdes, que objetiva o enriquecimento dos metabdlitos ativos de H.
polyanthemum por ser mais seletiva. SFE utilizando diéxido de carbono (CO;) como
solvente apresenta inUmeras vantagens, além da baixa polaridade do CO, sugerir
seu uso na extracdo de compostos lipofilicos, como benzopiranos e derivados de
floroglucinol (ROMPP et al., 2004; GLISIC et al., 2008). Os resultados obtidos pelo
emprego desta metodologia serdo abordados no manuscrito I.

1.3 Extracdo com Fluido Supercritico

Em 1879, Hannay e Hogarth’s fizeram as primeiras observacdes da dissolucéo
de solutos utilizando fluido supercritico. No entanto, a extracdo com fluido
supercritico comecou a ser realizada comercialmente apenas no final da década de
70, na descafeinacdo de café e cha. A sua maior aplicabilidade tem sido na industria

de alimentos, porém, uma série de novas aplicacbes vem sendo explorada,



incluindo fracionamento de 6leos essenciais e lipideos, extracdo de compostos
bioativos de plantas e algas marinhas, processamento de biomateriais, engenharia
de particulas de materiais farmacéuticos (micro e nanoparticulas), remocdo de
metais pesados e pesticidas do solo, entre outras (PASQUALI et al., 2006;
REVERCHON e DE MARCO, 2006; HERRERO et al., 2010).

A extracdo com fluido supercritico (SFE, do inglés Supercritical Fluid Extration)
consiste em um processo extrativo que emprega como solvente extrator um fluido no
estado supercritico (Figura 3). Este estado é obtido através de um aumento
simultdneo da temperatura e da pressdo da substancia, normalmente diéxido de
carbono (COy), produzindo uma modificacdo na sua densidade e, como
consequéncia, de seu poder de solvatacdo, o que permite uma melhor solubilizagéo
de solutos de interesse (LANCAS, 2002).

Regidode !
Fludo !

Supercritico

________________

Ponto Critico

O mw»w »nw ® = T

Estado Liquido

Estado
Solido
Estado Gasoso

Ponto Triplo

»

Temperatura

Figura 3. Diagrama pressdo versus temperatura e os equilibrios entre os estados
sélido, liquido, gasoso e supercritico (Fonte: CASSEL et al., 2008).

As propriedades fisico-quimicas de um fluido no estado supercritico s&o
intermediarias aquelas dos gases ou dos liquidos e, muitas vezes, se aproximam as
melhores caracteristicas de cada um como, por exemplo, o alto poder de solvatacédo
de um liquido e a baixa viscosidade de um gas (CARRILHO et al., 2001).



Ha muitas variaveis a se considerar no desenvolvimento de um método de
extragdo com fluido supercritico. Devem-se lancar mdo de dados experimentais,
andlise termodinamica, procedimentos de modelagem matematica para o equilibrio
de fases, entre outros. O desenho de processos que utilizam solventes supercriticos
é fortemente dependente do equilibrio de fases, o qual é altamente sensivel a
mudancas nas condi¢des operacionais. Portanto, a engenharia do equilibrio de fases
desempenha um papel fundamental neste processo (HERRERO et al., 2010).

A selecao de condi¢cBes de operacdo depende do composto especifico ou familia
de compostos a ser extraido. O peso molecular, polaridade e termolabilidade dos
compostos devem ser levados em consideragdo no desenvolvimento de um
protocolo de extracdo. No caso de compostos termolabeis, é aconselhavel que a
temperatura utilizada na SFE seja entre 35 e 60 °C. Fixando-se a pressao, o
aumento de temperatura ira diminuir a densidade do CO,, reduzindo o seu poder de
solvéncia, mas aumenta a pressao de vapor dos compostos a serem extraidos,
levando a uma maior tendéncia de estes compostos passarem para a fase fluida.
Neste caso, a natureza da amostra ira definir o sucesso da extracdo. Se o soluto for
ndo-volatil, um aumento de temperatura pode resultar em uma menor taxa de
extracdo devido a uma reducédo na solubilidade. Por outro lado, se o soluto for volatil,
h&d uma competicdo entre a solubilidade do CO,, que diminui com o0 aumento da
temperatura, e sua volatilidade, que aumenta com o aumento da temperatura
(REVERCHON e DE MARCO, 2006; POURMORTAZAVI e HAJIMIRSADEGHI,
2007).

Embora a temperatura seja um parametro importante na SFE, a pressao de
extracdo € o mais relevante, pois pode ser usado para ajustar a seletividade do
fluido. Quanto maior a pressédo, maior é o poder solvente e menor a seletividade da
extracdo. Outros parametros cruciais para otimizar o rendimento de extracdo s&o:
vazdo de CO,, tamanho de particula da matriz e tempo de extragdo. E importante
maximizar o tempo de contato do fluido com a matriz, a fim de aumentar a eficiéncia
da extracdo. Este parametro esta relacionado com a taxa de vazao do CO;, pois
quanto menor a velocidade do fluido, menor a vazdo, mais tempo o fluido ficara em
contato com a amostra e mais profundamente ele penetrard na matriz, resultando

em maior rendimento da extracdo. Em geral, o menor tamanho de particula gera
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uma maior area de superficie e reduz o comprimento de difusdo do solvente, o que é
benéfico para a extracdo. Porém, particulas muito pequenas, podem resultar em
extracdo heterogénea devido a formacgdo de canais na matriz, e como consequéncia,
perda de eficiéncia e rendimento do processo (REVERCHON e DE MARCO, 2006;
POURMORTAZAVI e HAJIMIRSADEGHI, 2007).

A obtencdo de compostos presentes em produtos naturais empregando o
processo de extracdo supercritica, consiste na extracdo de principios ativos da
matriz sélida através da solubilizacdo dos mesmos em um solvente nas condi¢cdes
supercriticas. Este processo abrange duas etapas principais: etapa de dissolucdo de
solutos na matriz vegetal e etapa referente ao seu transporte da fase sélida para a
fase fluida. Na etapa de extracdo o solvente percola o leito fixo de particulas sélidas
e dissolve os compostos de interesse presentes na matéria-prima. A matriz sélida
absorve o solvente supercritico e, em paralelo, 0s compostos a serem extraidos sdo
dissolvidos no solvente. Estes compostos dissolvidos sdo transportados para a
superficie do solido através de um mecanismo de difusdo. Através da interface
solido-fluido se processa a transferéncia dos compostos extraidos para fase fluida.
Esta transferéncia é regulada pelo equilibrio de fases solido-fluido. Os principios
ativos dissolvidos no fluido supercritico seguem em direcdo a etapa de expanséo,
momento no qual ocorre a precipitacdo do soluto devido a passagem do solvente do
estado supercritico para o estado gasoso. A facilidade na qual ocorre a separacéo
solvente-soluto € um dos motivos que inserem a extragcdo supercritica como
importante operacao unitaria aplicada o setor fitofarmacéutico (CASSEL et al.,
2008).

A SFE possui inUmeras vantagens quando comparada as técnicas classicas de
extracdo, como extracao liquido-liquido, maceracéo estética, entre outras. Uma das
principais vantagens € decorrente ao uso do CO, como agente extrator, o qual é
praticamente atoxico, ndo inflaméavel, possui custo razoavelmente baixo, é de facil
reciclo ap6s o uso e despressurizacdo (tecnologia limpa), e atinge o estado
supercritico em condicbes relativamente amenas (Temperatura critica: 31 °C e
Pressao critica: 73 atm). Sendo um gas nas condicbes normais (pode ser operado
em baixas temperaturas), € facil de ser eliminado ou reaproveitado ao concluir-se a

extracdo, fazendo com que o extrato ja esteja pronto para a analise, evitando a
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degradacdo de substancias termolabeis. Este fato € de grande relevancia por
permitir a concentracdo do analito durante a etapa de extracdo, evitando posteriores
manipulacdes da amostra para eliminacdo do solvente (LANCAS, 2002; HERRERO
et al., 2010).

Muitas espécies vegetais vém sendo submetidas ao processo de extracdo com
fluido supercritico, como por exemplo, Baccharis dracunculifolia (CASSEL et al.,
2000), Foeniculum vulgare (Diaz-Maroto et al.,, 2005) e Garcinia mangostana
(ZARENA e UDAYA SANKAR, 2009). Porém, até o momento, existem poucos dados
na literatura apresentando resultados de SFE de plantas do género Hypericum (CUI
e ANG, 2002; ROMPP et al., 2004; SEGER et al., 2004; GLISIC et al., 2008). Uma
importante vantagem da extracdo de metabdlitos secundarios deste género por esta
metodologia é que devido a baixa polaridade do CO,, ha maior seletividade por
constituintes lipofilicos (POURMORTAZAVI e HAJIMIRSADEGHI, 2007), levando a
extracdo seletiva e em elevado rendimento de substancias com caracteristicas
apolares, o que sugere a sua aplicabilidade na extracdo de benzopiranos e
derivados de floroglucionol, metabdlitos presentes em H. polyanthemum.

1.4 Trichomonas vaginalis: parasito patogénico

Trichomonas vaginalis € um protozoario flagelado, anaerobio facultativo, que tem
a capacidade de formar pseudopodes, apresentando um corpo celular muito plastico
(9,0 x 7,0 um), adotando forma elipsoide, piriforme ou oval. O T. vaginalis possui:
quatro flagelos anteriores; um flagelo recorrente que estda aderido ao corpo do
parasito pela costa, formando a membrana ondulante; uma estrutura de
microtUbulos formando o axostilo, que percorre longitudinalmente a célula e ao longo
do qual se distribuem os hidrogenossomos (HONIGBERG e BRUGEROLLE, 1990)
(Figura 4). Quando interage com células epiteliais, o T. vaginalis altera o formato de
seu corpo, assumindo forma amebdide, apresentando interdigitacbes com as células
do hospedeiro, em um intimo contato, e possivelmente, em continuidade (FURTADO
e BENCHIMOL, 1998).
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Figura 4. Caracteristicas morfologicas de Trichomonas vaginalis. FA: flagelos
anteriores, MO: membrana ondulante, CP: corpo parabasal, CO: costas, N: nucleo,
FP: filamento parabasal, HI: hidrogenossomos, AX: axostilo (Adaptado de:
http://www.learnerhelp.com/vaginitis.html).

O nucleo celular é proeminente e possui hidrogenossomos, organelas produtoras
de energia que estdo presentes como granulos cromaticos e osmiofilicos,
localizados junto a costa e/ou axoéstilo (SCHWEBKE e BURGESS, 2004). Ao
contrario da maioria dos eucariotos, 0 protozoario ndo apresenta mitocéndria e
utiiza os hidrogenossomos para realizar o metabolismo fermentativo dos

carboidratos, com o hidrogénio como aceptor de elétrons (MULLER, 1993).

O estabelecimento de T. vaginalis na vagina se inicia com o aumento do pH,
visto que o pH normal da vagina € &cido (3,8 a 4,5) e o organismo cresce em pH
maior que 5,0. Além disso, ocorre uma concomitante reducdo de Lactobacillus

acidophilus e aumento na propor¢éo de bactérias anaerdbias (MACIEL et al., 2004).

A interacdo parasito-hospedeiro € um processo complexo, no qual estdo
envolvidos componentes associados a superficie celular do parasito, as células
epiteliais do hospedeiro e componentes solUveis encontrados nas secre¢des uretral
e vaginal (LEHKER e ALDERETE, 2000). O T. vaginalis atinge o parasitismo por

varios mecanismos, porém a capacidade de citoaderéncia € uma das principais vias.
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O parasito precisa se aderir as células epiteliais do hospedeiro para estabelecer e
manter a infeccao e isso é possivel devido a presenca de adesinas no seu glicocalix
(ALDERETE et al., 1995; BASTIDA-CORCUERA et al., 2005), que parecem interagir
com as células do hospedeiro via interacdes do tipo receptor-ligante (KUCKNOR et
al., 2005). Cerca de quatro moléculas antigénicas de superficie também estao
relacionadas a adesdo do parasito as células epiteliais vaginais e essas moléculas
tém sua expressao regulada durante o ataque as células do hospedeiro (ARROYO
et al., 1993; GARCIA e ALDERETE, 2007).

Nas mucosas, como o trato genital feminino, o sistema imune desempenha um
importante papel na homeostasia, langando mao de seus mecanismos inatos e
adaptativos para lidar com a constante exposicdo a microrganismos patogénicos e
alérgenos (CHAPLIN, 2010). ApGs o parasito colonizar o sitio de infec¢do, o escape
da resposta imune do hospedeiro por distintos mecanismos torna-se fundamental
para o estabelecimento do parasitismo. Ocorre um revestimento da superficie do
tricomonas com proteinas e macromoléculas do hospedeiro, evitando assim, o
reconhecimento pelo sistema imune do hospedeiro (PETERSON e ALDERETE,
1982). Outra estratégia € a degradacdo de imunoglobulinas e fatores do sistema
complemento do hospedeiro, através da secrecdo de cisteinas-proteinases
(PROVENZANO e ALDERETE, 1995), e remocao (fagocitose) dos lactobacilos logo
apos a infecgcdo por T. vaginalis, anulando o efeito da microbiota normal, que produz
peroxido de hidrogénio, substancia capaz de neutralizar as cisteinas-proteinases
(RENDON-MALDONADO et al., 1998). Além disso, o parasito é capaz de fazer
alteracOes fenotipicas, alternando a expressao de antigenos de superficie, como a
proteina imunogénica P270 (LOPEZ et al., 2000).

O T. vaginalis € um patégeno de mucosa causador da tricomonose, a doenca
sexualmente transmissivel (DST) nado viral mais comum no mundo. Estima-se a
ocorréncia de 170 milhdes de novos casos por ano, valores superiores a prevaléncia
de outros microrganismos de transmissdo sexual, como por exemplo, Chlamydia
trachomatis (92 milhdes) e Neisseria gonorrhoeae (62 milhdes) (WHO, 2001;
JOHNSTON e MABEY, 2008). Diferentemente dessas infec¢cdes bacterianas, que

acometem mais mulheres jovens, a tricomonose apresenta maior prevaléncia em
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homens e mulheres com mais idade (BOWDEN et al., 1999; MILER et al., 2005).

Dentre as complicacbes da tricomonose pode-se destacar nascimento prematuro
e baixo peso de recém-nascidos (COTCH et al., 1991; 1997); aumento da
predisposicdo de mulheres a doenga inflamatoria pélvica, céncer cervical e
infertiidade (GRODSTEIN et al., 1993; ZHANG e BEGG, 1994; VIIKKI et al., 2000).
O T. vaginalis estd associado a graves problemas de salde, uma vez que ha
evidéncias que ele aumenta a transmissao e aquisi¢cdo do virus da imunodeficiéncia
humana (HIV) (VAN DER POL et al., 2008). Desta forma, este parasito pode ter um
papel critico na amplificacdo da transmisséo do HIV.

A doenca causada pelo T. vaginalis apresenta uma ampla variedade de
manifestacdes clinicas. Os sinais e sintomas dependem das condi¢cdes de cada
individuo, da agressividade e da carga parasitaria infectante (MACIEL et al., 2004).
Homens séo, na maioria das vezes, assintomaticos, o que facilita a transmissao da
doenca, e podem ter somente uma infeccdo auto-limitada (KRIEGER et al., 1993;
LEHKER e ALDERETE, 2000). Em mulheres, o sintoma classico da doenca, embora
ocorra em somente 10-20% das pacientes infectadas, é corrimento amarelo,
abundante, espumoso e mucopurulento, além de odor vaginal anormal e prurido
vulvar (LEHKER e ALDERETE, 2000). A vagina e a cérvice podem apresentar
sintomas inflamatérios especificos para tricomonose (2 a 5% dos casos), com
erosao e pontos hemorragicos na parede cervical, sinal conhecido como colpitis
macularis ou cérvice com aspecto de morango (MILER et al., 2005).

Embora a primeira descricdo da ocorréncia de T. vaginalis em secrec¢do vaginal
tenha ocorrido em 1836, sendo, em 1940, reconhecido causador de corrimento
vaginal com transmissdo através de relacdo sexual (HUPPERT, 2009), o
diagnostico clinico e laboratorial da tricomonose continua apresentando inUmeras
dificuldades, principalmente porque os exames utilizados no diagnéstico apresentam

baixa sensibilidade.

Desde meados de 1954, utiliza-se o metronidazol como farmaco de escolha no
tratamento da tricomonose. O metronidazol € um derivado nitroimidazdlico, que
penetra na célula através de difusdo e tem o grupamento nitro reduzido pela enzima

piruvato ferredoxina oxido redutase (PFOR), que em T. vaginalis estdo localizadas

15



nos hidrogenossomos. Essa reducéo produz intermediarios instaveis, quimicamente
reativos, os quais quelam o DNA e provocam a morte seletiva das células
anaerobias (MENDZ e MEGRAUD, 2002).

O largo emprego e, muitas vezes, o uso indiscriminado do metronidazol, tém
levado uma emergente selecdo de isolados de T. vaginalis resistentes. Em 2004, a
agéncia regulatoria norte americana, Food and Drug Administration (FDA), aprovou
0 uso de outro nitroimidazoélico para o tratamento da tricomonose, o tinidazol.
Porém, existe a preocupacdo que ocorram isolados resistentes a este farmaco
também, visto que 0 mesmo possui mecanismo de acao igual ao metronidazol.
Desta forma, surge a necessidade de pesquisas visando a obtencdo de novas
alternativas terapéuticas para o tratamento da tricomonose. Assim, este trabalho
tem o objetivo de verificar a atividade anti-T. vaginalis de produtos naturais, visando
a obtencéo de protétipos de novos farmacos que atuem como tricomonicida.
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2. OBJETIVOS

Visto que produtos naturais s&o importantes fontes de compostos bioativos, os
objetivos deste trabalho foram: validar uma metodologia de extracdo e
enriquecimento de substancias ativas de Hypericum polyanthemum, e verificar a
atividade anti-Trichomonas vaginalis de extrato obtido por essa metodologia, bem
como dos produtos isolados.

Os objetivos especificos propostos foram:

1. Verificar se o método de extracdo com fluido supercritico (SFE) é adequado e
capaz de enriquecer de forma significativa os extratos de H. polyanthemum;

2. Realizar extracdes utilizando diéxido de carbono supercritico em diferentes
temperaturas e pressdes, objetivando verificar qual é a melhor condicdo de
extracdo dos metabdlitos bioativos através de quantificacdo dos extratos por
cromatografia liquida de alta eficiéncia,

3. Fazer o isolamento, a partir dos extratos obtidos por SFE, dos compostos
bioativos de H. polyanthemum;

4. Testar a atividade de uma fracdo de H. polyanthemum obtida por SFE e dos
compostos isolados frente o protozoario patogénico Trichomonas vaginalis;

5. Investigar possiveis mecanismos de acdo dos compostos que se mostrarem

ativos;

6. Avaliar a citotoxicidade dos compostos frente a células de mamiferos,
utilizando como modelo células epiteliais de rim de macaco verde africano
(VERO).






Visando ordenar os conteudos estudados, os resultados obtidos neste

trabalho estdo apresentados na forma de manuscritos:

) “Supercritical fluid extraction and high performance liquid chromatographic

determination of benzopyrans and phloroglucinol derivative in Hypericum
polyanthemum.”

II) “Anti-Trichomonas vaginalis activity of Hypericum polyanthemum extract obtained
by supercritical fluid and its isolated compounds.”
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3. Manuscrito |

“Supercritical fluid extraction and high performance liquid chromatographic
determination of benzopyrans and phloroglucinol derivative in Hypericum
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Abstract

The aerial parts of Hypericum polyanthemum Klotzsch ex Reichardt (Guttiferae)
were successively extracted with supercritical carbon dioxide (SC CO,) under
pressures of 90, 120, 150 and 200 bar at different temperatures (40, 50 and 60 °C),
and compared with the n-hexane extract obtained by ultrasound-assisted extraction.
The samples obtained were examined regarding extraction yield and HPLC
guantification of the main secondary metabolites, the benzopyrans HP1 (6-
isobutyryl-5,7-dimethoxy-2,2-dimethylbenzopyran), HP2 (7-hydroxy-6-isobutyryl-5-
methoxy-2,2-dimethyl-benzopyran) and HP3 (5-hydroxy-6-isobutyryl-7-methoxy-2,2-
dimethyl) and the phloroglucinol derivative, uliginosin B. SFE presented higher
selectivity than the n-hexane maceration, and the best condition to extract the target
metabolites has been determined to be at 50 °C and for the high molecular-weight

compound, uliginosin B, higher pressures was required.

Keywords: Supercritical extraction; Hypericum; Benzopyrans; Phloroglucinol
derivative; Herb processing.
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1. Introduction

Hypericum genus is represented in South Brazil by approximately 20 species,
found in small disperse populations or restricted to a single locality. Among them,
Hypericum polyanthemum showed in its lipophilic extract the presence of uliginosin
B, a phloroglucinol derivative, and three benzopyrans: 6-isobutyryl-5,7-dimethoxy-
2,2-dimethylbenzopyran  (HP1), 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-
benzopyran (HP2) and 5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-benzopyran
(HP3), isolated from aerial plant parts [1,2]. These substances have been found to
be involved with some biological properties as antiviral [3], antimicrobial [4],
antinociceptive [5], antitumor [6,7], acaricidal [8] and antioxidant [9], presented by
the plant extracts.

Although the H. polyanthemum extracts and isolated compounds demonstrated
different activities, the antinociceptive effect is the most relevant from the
pharmacological point of view. The n-hexane extract presented such effect mediated
by the opioid system [5] and further studies showed that the phloroglucinol derivative
uliginosin B, investigated for this activity, is not mediated by the opioid system [10].
Therefore, the benzopyrans were evaluated and HP1 demonstrated to be

responsible for the opioid-mediated mechanism [11].

Due to the highly restricted distribution and the therapeutic potential, protocols for
in vitro [12] and ex vitro [13] propagation of H. polyanthemum were established and
the HPLC analysis revealed that the benzopyrans (HP1, HP2 and HP3) and
uliginosin B isolated from field grown plants are also accumulated in
micropropagated and acclimatized plants. Nevertheless, in addition to culture
conditions optimization, the extraction process is crucial for the enhancement of

bioactive substances levels.

Numerous factors influence the chemical quality of medicinal plants from crop
establishment to extraction of raw material [14]. Various types of extraction can be
applied to the plant material resulting in significant changes in the concentrations
and proportions of active components affecting safety and benefits [15].

Supercritical fluid extraction (SFE) is a technique used for separation processes,
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where the solvent generally used, carbon dioxide (CO,), is not toxic, non explosive,
of low cost and easily removed from the extract. Furthermore, the supercritical fluid
has properties such as high diffusivity, low viscosity and low surface tension, which
confers attractive characteristics as a solvent for the extraction of components from
the solid matrix [16]. The advantages of carbon dioxide under supercritical
conditions (P > 73 bar; T > 31 °C) also include the selectivity [17] and the non

degradation of thermolabile compounds [18].

Various natural extracts containing bioactive compounds can be obtained using
supercritical extraction procedures [19-22], which afford a simple, inexpensive, fast,
effective and virtually solvent-free sample pretreatment technique. Majority of
analytical SFE are performed with CO, for the several practical reason cited above.
Due to its low polarity, it shows a great selectivity for lipophilic compounds [23,24],
which suggests applicability for benzopyrans and phloroglucinol derivatives
extraction. Nevertheless, pressure and temperature changes through extraction
process modify the CO, density and alter the supercritical fluid selectivity as well as
the solubility of the substance under extraction by this solvent, affecting the yield and
presence of the compounds in the resulting extracts. Therefore, the extraction of
specific components from medicinal plants requires research concerning the
conditions [21], which give a high yield of total extract and high content of desired
pharmacological active compounds.

Intending to establish an efficient benzopyrans and uliginosin B extraction
method, the objective of this study was to determine the influence of SFE using CO,
as fluid on the yield of total extract of aerial parts of H. polyanthemum, under
successively increased pressures and different temperatures. Additionally, bioactive
compounds contents resulted from the different treatments were quantified by HPLC
means and compared to those obtained from the n-hexane extract of the plant.

2. Experimental
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2.1. Plant material

Plants of H. polyanthemum Klotzsch ex Reichardt were harvested during its
flowering stage, in Guaritas, Cacapava do Sul, Rio Grande do Sul state, Brazil, in
October, 2008. Voucher specimens were deposited in the Herbarium of the
Universidade Federal do Rio Grande do Sul (ICN) (Hypericum polyanthemum,
Bordignon et al. 1405). Plant material was carefully dried and powdered to obtain the
n-hexane extract and to submit to the SFE with CO..

2.2. Preparation of the extracts
2.2.1. n-Hexane extract

Powdered aerial parts (0.05 g DW) were extracted 15 times during 20 min with 5
mL of n-hexane in an ultrasonic bath (Ultrasonic, Sdo Paulo, Brazil) until colorless
liquid extract was obtained. Each triplicate sample was evaporated to dryness under
reduced pressure.

2.2.2. Supercritical extraction

Supercritical extractions were carried out on pilot-scale automated equipment
(Fig.1) previously described [25]. The extraction vessel is supplied with a heating
jacket and an automated temperature controller. Heating tapes were used
throughout the apparatus to maintain constant temperature in the extraction section.
To ensure constant and steady solvent delivery the pump head was cooled by a
circulating fluid, which passes through a chiller. Flow rates and accumulated gas
volumes passing through the apparatus were measured using a flowmeter assay, 1-
300 g min™ (Thar 06618-2, USA). Ke (USA) micrometering valves (VC1) were used
for flow control throughout the apparatus. Heating tapes with automated temperature
controller were also used around this valve to prevent both freezing of the solvents
and solid solute precipitation following depressurization. Pressure in the extractor
was monitored with a digital transducer system, Novus 8800021600, acquired from
Novus Produtos Eletronicos (Brazil) with a precision of + 1.0 bar. The temperature
controller (TC) was connected to thermocouples (PT-100), with an accuracy of 0.5K.
Powdered aerial plant material (180 g DW) was used and the extractions were
conducted at different temperatures (40, 50, and 60 °C) while the pressures ranged
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from 90 to 200 bar. SC CO; extraction was successively performed at 90, 120, 150
and 200 bar, collecting the samples of each pressure after 80, 40, 40 and 55
minutes, respectively. In each extraction pressure the end of the process was
confirmed when no variation in mass extract was observed after 30 minutes (3 x 10
minutes). The supercritical carbon dioxide flowed at rate of 6.67x10™ kg s™ through

the extraction vessel.

[><f— EXIT

@

Fig 1. Schematic diagram of the experimental apparatus: P1 - high pressure pump;
W1 - preheater; B1 - extraction vessel; B2 - separation vessel; VC1 - micrometering;
TC - temperature controllers, V1 - V6 - sphere valves.

2.3. HPLC analysis

Extracts obtained by n-hexane ultrasound-assisted maceration and supercritical
fluid technique were treated with acetone in order to remove waxes and insoluble
impurities, evaporated to dryness and dissolved in HPLC grade methanol, filtered
(0.22 pm pore size, Merck) and analyzed by high performance liquid
chromatography.
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2.3.1 Benzopyrans determination

HP1, HP2 and HP3 analysis were performed according to the method previously
described [12] using a Waters 600 pump and a Waters 2487 dual A absorbance
detector set to 220 and 270 nm. The separation was carried out with an isocratic
solvent system (60% CH3CN, 40% H,0) through a Waters Nova-Pack C18 column
(4 ym, 3.9 x 150 mm) adapted to a guard column Waters Nova-Pack C18 60A (3.9 x

20 mm) and flow rate of 1 mL min™.
2.3.2 Uliginosin B determination

Uliginosin B yield was determined using the same equipment under isocratic
solvent condition (95% CH3sCN, 5% H,0, 0.01% TFA), flow rate of 1 mL min™ and
detection at 220 nm. For quantification, excellent linearity (found in the concentration
range between 2 and 800 pg mL™, with high reproducibility and accuracy) of the
calibration curve was achieved (r* > 0.999). For intra-assay determination, three
replicates of eight concentrations of the analyte were used. The detection limit of the
compound was 5.38 ug/mL and for quantitative analysis, peak areas were used to
calculate the amount of uliginosin B present in the extracts and compared to
standard isolated from the aerial parts of in natura H. polyanthemum. The
identification was made on the basis of the ultraviolet absorption spectra and

retention time (21.76 min).
2.4 Statistical analysis

Means difference among each extraction condition was tested for significance by
ANOVA using a probability value of P < 0.05. Tukey test was used to indicate mean

separation among these conditions (SPSS Software, version 10).

3. Results and discussion

The performance goals of SFE with CO, are to reduce the use of hazardous
chemicals, the extraction time and enrich the bioactive compounds contents [19-22].
This fact promotes a nontoxic condition of the process and leads to extracts without
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residues. The advantages presented justify the SFE technology application to obtain
extracts from plants with regard to n-hexane extraction. To examine the effect of
temperature and pressure on extraction yield and benzopyrans and uliginosin B
contents of the resulting H. polyanthemum extracts, SC CO, extraction was
successively performed at 90, 120, 150 and 200 bar and at 40, 50 or 60 °C.

The H. polyanthemum lipophilic extracts, besides the dominating benzopyrans
and phloroglucinol derivative, mainly contain alkanes, fatty acids and wax esters. In
fact, the occurrence of alkanes in Hypericum species is noteworthy [23] and these
compounds were found in all the investigated native species [26]. To obtain purified
extracts, each fraction was treated with acetone, producing an insoluble fatty
residue, containing epicuticular waxes, which was eliminated through a paper
filtration. This is a well established procedure which is efficient to eliminate these
undesirable components [27]. After this procedure, the HPLC analysis of the
fractions showed the presence of the three benzopyrans (Fig. 2) and of uliginosin B
(Fig. 3) isolated from in natura H. polyanthemum [1,2].
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Fig 2. HPLC profile of benzopyrans (1) HP1, (2) HP2 and (3) HP3 from the CO, SFE
fraction obtained at 60 °C temperature and 120 bar pressure. Conditions used:
Waters Nova-Pack C18 column (4 um, 3.9 x 150 mm) adapted to a guard column
Waters Nova-Pack C18 60A (3.9 x 20 mm); isocratic solvent system (60% CHsCN;
40% H,0); flow rate of 1 mL min™; injection volume of 20 uL; detection performed at
270 nm at room temperature.
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Fig 3. HPLC profile of uliginosin B from the CO, SFE fraction obtained at 50 °C
temperature and 150 bar pressure. Conditions used: Waters Nova-Pack C18 column
(4 um, 3.9 x 150 mm) adapted to a guard column Waters Nova-Pack C18 60A (3.9 x
20 mm); isocratic solvent system (95% CH3CN; 5% H,O; 0.01% TFA); flow rate of 1
mL min?; injection volume of 20 uL; detection performed at 220 nm at room
temperature.

The total extraction contents obtained with successive increase of pressure and
different temperatures were 30.01 mg/g (40 °C), 22.15 mg/g (50 °C), 17.39 mg/g (60
°C), while the n-hexane extraction afforded an amount of 23.40 mg/g (Table 1).
Although the yield achieved by the n-hexane ultrasound-assisted extraction was
equivalent or superior those obtained with SFE at 50 and 60 °C, respectively, these
fractions were richest than the n-hexane extract regarding the metabolite
concentrations. For example, the best supercritical conditions for the extraction of
the two most important bioactive compounds afforded concentrations more than 3-
fold higher for HP1 (60 °C, 120 bar) and 5-fold higher for_uliginosin B (50 °C, 150
bar) when compared to the n-hexane extraction (Table 1). Furthermore, it is
important to highlight that, except for the HP3 content, the superior extract yield
obtained with the organic solvent was not enough to provide higher quantity of the
analyzed metabolites. This fact suggests that the SFE was more selective than the
conventional technique to obtain the target metabolites, probably due to the
differences of the extractor polarity mean and the affinity to the solute, providing a

rentable source of bioactive metabolites.

The contents of HP1, HP2, HP3 and uliginosin B obtained in the supercritical
fluid extraction process showed a different concentration trend with pressure
increase as well as temperature variation (Table 1). Higher total yields of HP1 (368
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mg/100 g plant) was obtained at 40 °C, being 65% of this amount obtained at 90 bar.
Nevertheless, calculating on the basis of the percentage of extract, the HP1 richest
fraction (ca. 373.2 mg/g) was verified at 60 °C and 120 bar. Higher total yields of
HP2 (272 mg/100 g plant) was obtained at 50 °C, being half of this amount obtained
at 120 bar. Coincidently, this condition afforded a fraction with high concentration of

the compound (213.2 mg/g).

A similar profile was observed at 60 °C/120 bar (202.4 mg/g), even though the
total extraction of HP2 at this temperature was inferior to the amount achieved at 50
°C. The same behavior reported for HP2 was observed in the extraction of HP3
(Table 1).

For the uliginosin B extraction, the pressure of 90 bar and temperature of 40 °C
afforded high amounts of the metabolite (184 mg/100 g plant). Nevertheless,
considering the total amount recovered at the 50 °C experiment it can be seen that
the increase of temperature and pressure had a determinant role in extraction yields
(Table 1). Itis interesting to point out that the temperature of 50 °C was also found to
be the optimum condition for the extraction of phloroglucinols from H. perforatum
using supercritical carbon dioxide [28].

The results obtained in this work indicated that when higher temperatures are
used (i.e. 50 °C and 60 °C) higher pressures are necessary to obtain uliginosin B,
due to its higher molecular-weight. As demonstrated in Table 1, at 60 °C this
compound was detected only at the pressure of 150 bar. Therefore, the extraction of
uliginosin B at higher temperatures strongly depends on the CO, density. These
results are in accordance with the reports of studies with other medicinal plants
where higher-molecular-weight compounds are extracted in larger quantities at the
end of the extraction process [24].

Taking into account the total amount of the benzopyrans and phloroglucinol
derivative in the experiments performed at successive increased pressures and
different temperatures, it was observed that the increase of temperature leads to a
decrease in the mass amount of extract (g/100g) and an increase of HP1, HP2, HP3
and uliginosin B concentration. The total concentration of these metabolites
represents 27.80% of the extract obtained at 40 °C, while at 50 °C and 60 °C, it
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corresponds to 51.82% and 50.1% of the extract obtained, respectively. These data
are in accordance to a study performed with H. perforatum where an increased
amount of extract was followed by a decrease of hyperforin concentration, as a
consequence of the increased yield of other compounds [23]. Nevertheless, in the
work of Glisic et al. [21] this effect was not observed and the authors reported that
the absolute extracted amount of hyperforin and adhyperforin was almost constant,
not depending of the total yield of extract, i.e., on density of SC CO,, determined by

the temperature.
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Table 1 - Summary of the extraction yields and benzopyrans and uliginosin B contents in the SFE extract of H. polyanthemum at
different pressures and temperatures, and comparison with the n-hexane extract. Different letters #* among the same pressures
indicate significant differences among the different temperatures (P < 0.05).

Extraction conditions

T (°C) P (bar) Extraction HP1 HP2 HP3 Uliginosin B
yield - - - -
(9/100g) mg/100g mge/f(]tr'gctthe mg/100g mge/f(]tr'gctthe mg/100g mge/f(]tr'gctthe mg/100g mge/f(]tr'gctthe
plant (%+S.D) plant (%+S.D) plant (%+S.D) plant (%+S.D)
40 90 1.315 239 182.6 £ 6.7 62 475+ 1.6° 70 53.3+2.0° 184 140.9 £ 8.3
120 0.265 13 51.0+ 12.3° 3.6 13.7+3.2° 4 14.8 + 3.6" 16 60.6 + 6.7°
150 1.091 81 74.3+10.8° 21 19.5+ 2.8° 24 21.7+3.2° 29 26.9 +2.9°
200 0.330 35 107.2 + 10.9% 13 38.4+16.8° 15 28.9+2.6% 23 69.9 + 13.5
50 90 0.338 92 272 +1.12 68 187.6 £ 6.0° 38 111.4 +10.4° nd nd
120 0.621 170 2743+ 27.6° 142 213.2 + 17.6° 97 155.7 + 38.6° 75 120.3 £ 6.0°
150 0.393 55 141.3 +13.2° 46 1175+5.8" 40 102.6 £ 9.8% 138 352.5 + 14.8°
200 0.863 17 19.9+0.1° 16 18.1+1.1° 15 17+1.6° 139 161.6 + 3.0°
60 90 0.077 20 264.7 £ 8.6% 14 200.8 + 13.6° 10 133.9+6.8% nd nd
120 0.531 198 3732+ 7.7° 110 202.4 + 11.4° 105 167.6 + 18.9° nd nd
150 0.376 75 198.2 + 10.7% 40 158.1 + 12.2° 36 97 +5.1% 68 180.6 + 19.0°
200 0.755 14 18.1+2.9° 11 14.9+1.2° 12 15.8+1.2° 158 209.9 + 19.3
n-hexane 2.340 275 1175+ 1.8 148 63.3+0.5 194 82.7+22.7 163 69.7 £ 3.4

nd: not detected
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The results obtained in the present work cannot be compared in details with
those achieved with other Hypericum species, considering that the Brazilian species
do not present hyperforin or adhyperforin. The literature of SC CO, extraction
focuses on H. perforatum, which accumulates the above mentioned compounds [21]
and no report regarding plants of the genus without hyperforin is available. The
dimeric phloroglucinol derivatives found in Brazilian species differ from hyperforin
and adhyperforin, which possess a bicyclononane skeleton substituted with several
isoprene chains. The dimeric compounds frequently present a benzopyran nucleus
formed by the ciclization of the prenyl unit with an adjacent hydroxyl group. Together
with these dimeric compounds, some species, such as H. polyanthemum, also
present the benzopyran nucleus found as monomers [1,2]. Therefore, such
difference in the composition of the lipophilic fraction may account for specific
extraction conditions of the plant studied in this work.

4. Conclusions

The experimental results for the bioactive metabolites yields obtained in the
extraction of H. polyanthemum demonstrated that the compounds were easily
extracted by SC CO, with successively extractions at 90, 120, 150 and 200 bar in
the three studied temperatures, being the best condition to extract the benzopyrans
and uliginosin B determined to be at 50 °C. Further optimization of the extraction
protocol is under investigation to obtain these pharmacological active compounds.
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Abstract

This work assessed the anti-Trichomonas vaginalis activity of Hypericum
polyanthemum extract obtained by supercritical fluid at 50 °C and 150 bar, and the
isolated compounds, the benzopyrans HP1, HP2, HP3, and the phloroglucinol
derivative uliginosin B. The results showed that all samples had anti-T. vaginalis
activity; however, HP1 demonstrated the best selectivity against this protozoan
(metronidazole-resistant and susceptible isolates), with no cytotoxicity against
mammalian cells. This compound presented a high selectivity index (SI) (73.97),
which confirmed a significant antiprotozoal activity and good selectivity. Moreover,
HP1 had good activity against a metronidazole-resistant isolate (52% of trophozoites
viable), presenting a synergic effect when tested with a low concentration of
metronidazole (23% of trophozoites viable). Investigation of the mechanism of action
revealed that all isolated compounds caused damage to the parasites’ membrane,
shown by more than 90% of LDH release. None of the samples presented a notable
hemolytic effect, while HP2 and uliginosin B exhibited cytotoxicity against mammalian
cells. Therefore, benzopyrans and the phloroglucinol derivative are promising
molecules as prototypes for new antiprotozoal drugs, especially HP1, which
improved metronidazole’s effect on a resistant T. vaginalis isolate. Nevertheless,
more studies are necessary in order to enhance their in vitro antiprotozoal activity

without toxicity towards mammalian cells.

Keywords: Trichomonas vaginalis, cytotoxic effect, Hypericum, benzopyrans,
phloroglucinol derivative.
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1. Introduction

Natural products have historically been the major source of pharmaceutical
agents. According to the WHO (2002)* more than 90% of current therapeutic classes
derive from a natural product prototype. However, the vast majority of natural
compounds have not yet been tested for biological activity and several novel sources
of biodiversity are potentially available.>®> Many studies have shown that medicinal
plants from several regions of the world contain compounds active against protozoa,
especially Leishmania donovani, Trypanosoma brucei brucei,* Plasmodium
falciparum,>® Trypanosoma cruzi and Trichomonas vaginalis.”®

Trichomonas vaginalis, an amitochondriate protist, is a microaerophilic mucosal
pathogen which affects the human urogenital tract, causing trichomonosis, the most
common non-viral sexually transmitted disease (STD).? According to the WHO in
2001,° there are about 170 million cases of trichomonosis worldwide every year.
Studies have indicated that complications related to this disease include infertility,*
pelvic inflammatory disease,™* predisposition to cervical cancer,'? an increase of in
the probability of high-risk human papillomavirus (HPV) infection,'® birth outcomes
and increased transmission and acquisition of the human immunodeficiency virus
(HIV).*

Metronidazole and a related 5-nitroimidazole, tinidazole, are the only drugs
recommended by the FDA for the treatment of T. vaginalis infection; worse still,
resistant isolates have been described.”™" Drug failures appeared as soon as
metronidazole was approved for the treatment of trichomonosis in the late 1950s and
an alarming increase in infections caused by resistant isolates has occurred. In many
cases resistance is overcome with prolonged therapy and higher doses of
metronidazole, but occasionally patients continue to be infected despite these
measures.'® Moreover, high doses are often not well tolerated by patients, with the
development of unpleasant side effects including nausea, headache, dizziness, rash,
dry mouth, and a metallic taste sensation.®

In the context of improving the therapy of T. vaginalis infection, natural products
could be a source of new drugs with high activity and low toxicity, which can be
further optimized by synthetic procedures. Plants of the genus Hypericum are well
known for their use in traditional medicine, with Hypericum perforatum L., St. John’s
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wort, being the most important species, and this has been used in herbal medicines
for the treatment of several diseases, including infections caused by
microorganisms.?° Antimalarial activity was observed and attributed to a major
lipophilic constituent, hyperforin, a phloroglucinol derivative.®

In southern Brazil, the genus Hypericum is represented by approximately 20
species. One of these, H. polyanthemum, has been found to contain in its lipophilic
extract uliginosin B, a phloroglucinol derivative, and three benzopyrans: 6-isobutyryl-
5,7-dimethoxy-2,2-dimethylbenzopyran (HP1), 7-hydroxy-6-isobutyryl -5-methoxy-
2,2-dimethyl-benzopyran (HP2) and 5-hydroxy-6-isobutyryl-7-methoxy-2,2-
dimethylbenzopyran (HP3) (Figure 1).%? With the intention of optimizing the method
of extraction of these bioactive compounds, a previous study was conducted using
supercritical fluid extraction (SFE) technology.”® SFE is a technique used for
separation processes, where the solvent generally employed, carbon dioxide, is non
toxic, easily removed from the extract, and shows great selectivity for lipophilic

compounds.?*?®

Considering the increase in drug resistance and the fact that lipophilic compounds
such as benzopyrans and phloroglucinol derivatives have potential antiprotozoal
activity, in this study we examined the anti-T. vaginalis activity in a fraction of H.
polyanthemum extract obtained by SFE and the isolated compounds, HP1, HP2,
HP3, and uliginosin B.

2. Materials and methods

2.1 Plant material

The aerial parts of specimens of Hypericum polyanthemum Klotzsch ex Reichardt
were collected in Cacapava do Sul, Rio Grande do Sul state, Brazil, in October 2008.
A voucher specimen was deposited in the herbarium of the Universidade Federal do
Rio Grande do Sul (ICN) (Hypericum polyanthemum, Bordignon et al. 1405). Plant
collection was authorized by Conselho de Gestdo do Patrimbnio Genético (CGEN)
and Instituto Brasileiro do Meio Ambiente (IBAMA) 003/2008 P 02000.001717/2008 —
60.
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2.2 Supercritical fluid extraction and quantification of metabolites

The dried and powdered plant material was successively extracted with
supercritical carbon dioxide under pressures of 90, 120, 150, and 200 bar at different
temperatures (40, 50 and 60 °C). The bioactive compounds in each fraction were
guantified by HPLC using Waters equipment, a Nova-Pack C18 column and an
isocratic solvent system.”®?” The optimum temperature for extraction of bioactive
compounds by SFE was 50 °C, where the total concentration of the metabolites
represented 51.82% of the extract obtained. The quantification of HP1, HP2, HP3,
and uliginosin B in the extract obtained at 50 °C and 150 bar, the fraction chosen for
biological assays, showed values of 141.3, 117.5, 102.6 and 352.5 mg per g of

extract, respectively.”

2.3 Isolation of bioactive compounds

The compounds were isolated from SFE fractions by column chromatography
on silica gel 60 using mixtures of n-hexane: dichloromethane of increasing polarity as
eluent, and further purified by preparative thin-layer chromatography (TLC) on 20 cm
x 20 cm glass supported plates covered with 0.5 mm silica gel GF2s4 (Merck) and n-
hexane: dichloromethane (1:1) as solvent. The bands were detected under UV light
(254 nm), and the purity was confirmed by HPLC analysis, taking into account the
retention time of the compounds compared with standards (authentic samples)
isolated from the aerial parts of H. polyanthemum, as described by Ferraz et al.,*?®
where the identities and purities of the compounds were confirmed by NMR

spectroscopic analysis.

2.4 Culture of Trichomonas vaginalis

The T. vaginalis isolate sensitive to metronidazole used in this study, 30236
(ATCC) was kindly donated by Prof. Dr. Geraldo A. De Carli (Pontificia Universidade
Catdlica do Rio Grande do Sul, Brazil), and the metronidazole-resistant isolate, TV-
LACM2 (a fresh clinical isolate) was obtained from a female patient attending the
Laboratdrio de Andlises Clinicas, Universidade Federal do Rio Grande do Sul, Brazil.
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Trichomonads were cultured axenically in vitro in trypticase—yeast extract—maltose
(TYM) medium (pH 6.0), supplemented with 10% (v/v) heat-inactivated bovine serum,
and incubated at 37 °C (+ 0.5).% Organisms in the logarithmic phase of growth and
exhibiting more than 95% viability and normal morphology, were harvested,
centrifuged, washed three times with phosphate-buffered saline (PBS) and

resuspended in fresh TYM medium for cytotoxicity assays.

2.5 Anti-Trichomonas vaginalis assay

The cytotoxicity of the SFE extract and the isolated compounds against T.
vaginalis was determined in vitro. The extract at a concentration of 5.2 mg/mL and
the isolated compounds at 1.0 mg/mL were diluted with sterile water after first being
dissolved in DMSO, the final concentration of which never exceeded 0.62% in the
test medium.*® For these assays 96-well microtiter plates were used, where 100 pL
TYM medium were added to each well and, subsequently, 100 pL of extract and
isolated compounds were added to the first well. A dilution series was then produced
by thoroughly mixing the contents of the wells, then removing 100 pL and transferring
this to the next well, repeating the process to reach a final eight-fold dilution for all
samples tested. Next, parasites were resuspended in TYM medium and counted with
a hemocytometer, and 100 pL of this suspension were added to each well, with the
final volume of 200 uL containing 5.0 x 10" trophozoites/mL. The plates were
incubated for 24 h at 37 °C, after which trophozoite viability was determined by
microscopic observation, and the MIC values for the isolated compounds were
calculated. A fluorimetric method based on the reduction of the resazurin salt, which
is proportional to the number of viable trophozoites, was used to test the activity of
the SFE extract.*® The resazurin method was not employed when the isolated
compounds were tested because of their natural fluorescence which interferes with
resazurin fluorescence. A vehicle control, a negative control containing only
trophozoites, and a positive control with 8.0 pM metronidazole (Sigma-Aldrich, USA)
were included.®* To perform the quantitative assay with the isolated compounds,
HP1, HP2, HP3, and uliginosin B were incubated at final concentrations of 250, 125
and 62.5 pg/mL with 5.0 x 10* trophozoites/mL. This assay was carried out using
microtubes which were incubated at 37 °C for 24 h. Subsequently, the contents of the
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microtubes were mixed and the number of viable trophozoites was counted in an
aliquot of 10 pL with a hemocytometer.

At least three independent experiments were carried out, in triplicate, and the
results were expressed as the percentage of living parasites after 24 h of incubation
considering motility and normal morphology (percentage of living organisms
compared to negative control). Positive and negative controls were also performed
using microtubes. The concentration required to inhibit the growth of 50% of the

parasites (ICsp) was determined by linear regression.

2.6 In vitro metronidazole susceptibility assay

The metronidazole susceptibility assay was carried out according to Tachezy et
al.®' Briefly, the assay was performed in 96-well microtiter plates, where
metronidazole at 74000 puM (Sigma-Aldrich, USA) was added to the first well and an
eight-fold dilution was obtained. Next, the trophozoites (TV-LACM?2) were added (5.0
x 10° trophozoites/mL) and incubated for 24 h at 37 °C, after which their viability was
determined on an inverted microscope. In order to verify a possible synergic effect of
the compounds being investigated and metronidazole, HP1, the most active
compound, at different concentrations (62.5, 125 and 250 pg/mL), was tested with
8.0 uM of metronidazole. The number of viable trophozoites was counted with a

hemocytometer as described in the anti-Trichomonas vaginalis assay.

2.7 Hemolytic assay

The hemolytic assay was performed according to the method described by

Gauthier et al.*?

with some modifications. Type O positive blood from healthy human
volunteers was collected with Alsever’s solution (1:1) and centrifuged at 2000 rpm for
5 min. The erythrocyte fraction was washed three times with 1x PBS (pH 7.0) and
then resuspended in the same buffer to give a 1% (v/v) red cell suspension. Samples
of the substances under investigation were dissolved in Milli-Q to achieve a final
concentration of 125 pg/mL. A volume of 1.1 mL of cell suspension at 1% was added
to microtubes (2.0 mL) and then 400 pL of sample solution and/or water was added

to obtain a final concentration of approximately 0.7% of erythrocytes. The microtubes
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were incubated at 37 °C under horizontal agitation (360°, 10 rpm) for 1 h and then
were centrifuged at 3000 rpm for 5 min. The absorbance of the supernatant was
measured at 540 nm. The experiment was performed in triplicate, and the
percentage of hemolysis caused by each sample tested was calculated in
comparison to 100% hemolysis attributed to the hemolytic action of saponin

commercial fraction, the extract of Quillaja saponaria.®

2.8 Lactate dehydrogenase assay

In the lactate dehydrogenase (LDH) assay, the leakage of the cytoplasmic
enzyme LDH into the extracellular medium was measured. The presence of LDH in
the culture medium is associated with damaged membranes and, consequently, with
cytotoxicity.>* LDH release was analyzed in relation to the toxicity of the compounds
towards parasites and mammalian cells (VERO). To investigate LDH release from
parasites (ATCC 30236 and TV-LACM2) all isolated compounds, at a final
concentration of 125 pg/mL, were incubated with 5.0 x 10* trophozoites of T.
vaginalis and 1.0 mM of a protease inhibitor cocktail (Sigma) at 37 °C, for 24 h. The
LDH assay was also performed with mammalian cells with the HP2 compound (125
pg/mL), the most toxic to the cells. HP2 was incubated with 4.0 x 10* cells/mL per
well, in a humidified atmosphere with 5% CO, at 37 °C, for 24 h. LDH was measured
spectrophotometrically in the supernatant for both parasite isolates and cells, using a
commercial kit (Labtest). Parasites/cells lysed with liquid nitrogen for 1 min and
untreated parasites/cells were used as positive and negative controls, respectively.
The LDH released was calculated as a percentage of the positive control, considered
100% of cellular damage.

2.9 Cytotoxicity against the VERO cell line

Cell viability was quantified using the mammalian VERO cell line and a
commercially available reagent [3-(4,5-dimethylthiazolyl-2-yl)-2,5-diphenyltetrazolium
bromide] (MTT) (Sigma Chemical Co., Saint Louis, MO, USA). The cytotoxicity was
determined by a colorimetric method based on the reduction of tetrazolium salts by
viable cells as described previously.*® Briefly, VERO (ATCC CCL-81), a normal
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kidney epithelial cell line from African green monkey, was cultured in Eagle’s minimal
essential medium supplemented with 10% fetal bovine serum and antibiotics
(penicillin 100 IU/mL; streptomycin 100 pg/mL). Experiments were performed in 96-
well microtiter plates, where a suspension of 4.0 x 10* cells/mL per well was
incubated in a humidified atmosphere with 5% CO, at 37 °C. When cells reached
more than 80% confluence, the medium was replaced and the cells treated with H.
polyanthemum extract at concentrations of 0.65, 0.325, 0.162, and 0.081 mg/mL, and
isolated compounds at final concentrations of 250, 125, 62.50 and 31.25 pg/mL,
dissolved in DMSO at a maximum final concentration of 0.62%. After 24 h of
incubation, stock MTT solution (2.0 mg/mL) was added (40 pL per well) and plates
were incubated for a further 3 h. DMSO (100 pL per well) was then added and the
plates incubated for 10 min to stop the reaction and to dissolve the insoluble purple
formazan. The amount of MTT-formazan present is directly proportional to the
number of living cells and was determined by measuring the optical density (OD) at
550 nm using a microplate reader (Anthos 2020). Untreated cells were used as a
negative control. Three wells per dose were analyzed in three different experiments,
and the results were expressed as the percentage of viable cells in comparison to
negative control. The concentration of the compound that killed 50% of the cells
(CCso) was calculated by linear regression.

2.10 Statistical analysis

The data were subjected to one-way analysis of variance (ANOVA) using a
probability value of P < 0.05. Tukey'’s test was used to identify significant differences

between means among the different treatments (SPSS Software, version 14).

3. Results and discussion

Taking into account that approximately 5% of all clinical cases of trichomonosis
are caused by T. vaginalis isolates with some level of resistance to metronidazole, its
treatment constitutes a major therapeutic challenge and treatment options are
limited.3**® In this study we demonstrated the anti-T. vaginalis activity of H.
polyanthemum SFE extract (MIC: 325 mg/L) and its isolated compounds (from 62.5
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to 250 mg/L).

The antiprotozoal activity presented by all isolated compounds in the in vitro
susceptibility quantitative assay was dose-dependent, with the phloroglucinol
derivative being the most active (less than 20% of trophozoites viable) (Figure 2),
presenting an ICsp value of 121.96 uM (Table 1). The benzopyran HP1 reduced the
number of viable trophozoites by around 70% (Figure 2), and among the
benzopyrans it presented the lowest ICs (226.50 uM) (Table 1). HP2 exhibited less
antiprotozoal activity than HP1l and also presented marked toxicity against
mammalian cells (Figure 3). On the other hand, HP3 was not found to be toxic, but its
antiprotozoal activity was unremarkable (60% of trophozoites viable), corresponding
to half the activity of HP1 (Figure 2).

Since compound HP2 was the most toxic to mammalian cells, we attempted to
define its mechanism of action in cells through the analysis of LDH release. This
experiment confirmed that the compound did not exert its cytotoxic effect by causing
damage to the cell membrane, with only 26.5% of LDH release (data not shown).
However, the exact mechanism of action remains unknown and should be further
investigated. Considering the chemical structure of these benzopyrans (Figure 1), it
could be inferred that the hydroxyl in position 7 of the benzopyran nucleus of the HP2
structure could be responsible for the cytotoxic effect against mammalian cells,
although this radical is not essential for the antiprotozoal activity.

The LDH and hemolytic assays were performed in order to examine the action of
isolated compounds on membranes, indicating selectivity for the parasites or human
cells. In the hemolysis test none of the substances caused any notable hemolysis of
the erythrocytes (Figure 4). However, the LDH assay showed that all samples caused
damage to the parasite membranes, leading to more than 90% of LDH release
(Figure 5).

The SFE extract and the isolated compounds were evaluated for their toxicity
against mammalian cells using the VERO cell line. The isolates showed a CCsg
ranging from 213.91 to 16753.33 uM (Table 1). The most toxic compound was HP2,
since a low number of viable cells was observed (Figure 3). On the other hand,
considering their molecular weights uliginosin B, a phloroglucinol derivative,
presented a higher cytotoxic effect against VERO cells, represented by the lowest

CCsp value. Nevertheless, the H. polyanthemum extract was not toxic to mammalian
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cells (more than 83% of viable cells; data not shown), even though it contained a
large amount of uliginosin B, at 35.25%.

We calculated the selectivity index (SI) of the compounds, defined as the ratio of
cytotoxicity to biological activity (SI = CCsg VERO cells/ICsy parasites) (Table 1). It is
generally considered that biological efficacy is not due to in vitro cytotoxicity when Si
> 10.%" Thus, a low selectivity index is indicative of the high in vitro cytotoxicity of the
sample and the lack of selectivity for the parasites. Uliginosin B, a molecule that
appeared very promising when evaluated only for antiprotozoal purposes, presented
a low Sl value (1.75), thereby showing itself not to be selective. By contrast, the
benzopyran HP1 had a S| value of 73.97, proving it to be the most promising
compound with significant antiprotozoal activity and good selectivity. Therefore,
benzopyrans and the phloroglucinol derivative are molecules with high selectivity for
the trichomonads, with a mechanism of cytotoxicity that may involve loss of
membrane integrity (high LDH values).

Furthermore, HP1 presented activity against a metronidazole-resistant clinical
isolate (TV-LACM2), being able to kill 47% of trophozoites at the highest
concentration (250 pg/mL) (Figure 6). The metronidazole MIC for this isolate was
measured and, different to ATTC-30236, for which the MIC was low (8.0 uM), the TV-
LACM2 isolate presented a value of 289 uM (Table 2). HP1 was evaluated regarding
its synergic effect with 8.0 uM of metronidazole, and we found a strong potentiating
effect with only 30% of trophozoites viable, indicating a successful association
(Figure 7). It could be suggested that the HP1 antiprotozoal activity against the
resistant isolate was due to an interaction with the membrane lipids of the parasite
(100% of LDH release) (Figure 5), resulting in cell damage and, consequently, cell
death. Lipophilicity is an important consideration in the design of novel antiparasitic
drugs, since long alkyl chains can interact with membrane lipids allowing the
penetration of the compounds into the cytoplasm of the parasite.*®*3° Our findings
indicate that the HP1 mechanism of action differs from that of metronidazole, which is
activated in the hydrogenosomes of the parasites, resulting in the production of
nitrogen radicals that damage DNA. Consequently, an existing resistance to
metronidazole would not influence the susceptibility to HP1. However, the exact
mechanism of the cytotoxic effect of HP1 has not yet been entirely elucidated.

Comparison of our results with those of other studies is particularly complex
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because different parasites, substances and methods were used to measure activity.
Notwithstanding, other authors have found that hyperforin, a phloroglucinol
derivative, and 4-methoxy-2,2-dimethyl-6-(2-(2,4-dihydroxy)phenyl-transethenyl)
chromene, which possesses a benzopyran nucleus, demonstrated activity against
Plasmodium falciparum, with I1Cs values of 1.5 pM and 30.1 pM, respectively.**®
Uliginosin B, a compound belonging to the phloroglucinol derivative class, presented
an ICsp value 81-fold higher than that of hyperforin, and the ICsy value of HP1 was
7.5-fold higher than the substance which possesses a benzopyran nucleus.
Nevertheless, it is important to underline the fact that this is the first report on the
anti-T. vaginalis activity of benzopyrans (HP1, HP2 and HP3) and the phloroglucinol
derivative, uliginosin B.

Although the compounds investigated here did not exhibit pronounced activity
against T. vaginalis when compared with metronidazole, they show promise as
prototypes for new antiprotozoal drugs. Nevertheless, further studies on structural
modifications to these compounds are necessary in order to enhance the in vitro
antiprotozoal activity of the phloroglucinol derivative and benzopyrans. This is
especially relevant for HP1, since this compound was able to improve the action of
metronidazole against a resistant T. vaginalis isolate, indicating a synergic effect. In
conclusion, special attention should be paid to benzopyran HP1, the most promising
compound as a chemotype.
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Legend for Figures

Figure 1. Chemical structure of uliginosin B and benzopyrans HP1, HP2 and HP3

isolated from H. polyanthemum.

Figure 2. Anti-Trichomonas vaginalis activity of isolated compounds of H.
polyanthemum. Data represent means + standard deviation of at least three
experiments. Different letters @P<9 at the same concentration indicate significant

differences among the compounds (P < 0.05%).

Figure 3. Cytotoxicity against mammalian cells after treatment with isolated
compounds from H. polyanthemum at different concentrations. Data represent
means + standard deviation of at least three experiments. Different letters @°<9 at
the same concentration indicate significant differences among the compounds (P <
0.05%).

Figure 4. Percentage of hemolysis caused by benzopyrans and phloroglucinol
derivative. The control corresponds to hemolytic action of extract of Quillaja

saponaria.

Figure 5. Parasite LDH release in the presence of different compounds. (A)
corresponds to ATCC-30236 and (B) TV-LACM2 T. vaginalis isolates. The control
comprised parasites lysed in liquid nitrogen. Values correspond to one experiment

representative of three different parasite cultures.

Figure 6. Viability of metronidazole-resistant clinical isolate of T. vaginalis
trophozoites (TV-LACM2) in the presence of the benzopyran HP1. Data represent
means + standard deviation. Different letters @*<9 indicate significant differences
among the different concentrations and in relation to control (P < 0.05%).
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Figure 7. Synergic effect of different concentrations of HP1 in the presence of 8.0
MM metronidazole (MTZ). The control represents T. vaginalis trophozoites (TV-
LACM2) without treatment. Data represent means + standard deviation. Different
letters @P¢9 indicate significant differences among the concentrations and (*)

significant difference compared to control and MTZ (P < 0.05%).
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Table 1. Antiprotozoal and cytotoxic activity of isolated compounds and SFE

extract of H. polyanthemum.

Sample ICso CCs SI*
SFE extract 206.98 mg/L 1426.13 mg/L 6.89
HP1 226.50 pM 16753.33 uM 73.97
HP2 833.65 PM 280.24 pM 0.33
HP3 1230.40 pM 10429.05 uM 8.48
Uliginosin B 121.96 pM 213.91 pM 1.75

*Sl: selectivity index.
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Table 2. The in vitro metronidazole susceptibility of the metronidazole-resistant
clinical isolate of T. vaginalis (TV-LACM2) and determination of metronidazole MIC

value.

Concentration of Trophozoites
metronidazole (uM) viability
9250 -
4620 -
2310 -
1160 -
578 -
289 -
144 +
72 +

(-): non-viable; (+): viable.
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5. DISCUSSAO GERAL







Ha milhares de anos produtos naturais tém ampla utilizacdo no tratamento e
prevencdo de doencas, e ainda sdo compostos de interesse tanto em sua forma
natural como modelo para modificacdo sintética. O valor dos produtos naturais pode
ser mensurado analisando-se diferentes critérios, como: (i) taxa de introducdo de
novas entidades quimicas de ampla diversidade estrutural, inclusive servindo como
modelo para modificacfes semi-sintéticas e sintéticas; (i) nimero de doencas
prevenidas ou tratadas por estas substancias; e (ii) sua frequéncia de uso no
tratamento de doencas (CHIN et al., 2008).

Em estudo desenvolvido por Newman e colaboradores (2003), verificou-se que
28% das novas entidades quimicas introduzidas no mercado eram produtos naturais
ou seus derivados, e 24% foram criadas a partir de um farmacéforo de origem
natural. O percentual combinado (52%), sugere que produtos naturais sao
importantes fontes de novos farmacos e estruturas interessantes para modificacao

estrutural.

Analisando indicacdes médicas por fonte de compostos, produtos naturais e
relacionados sao utilizados para tratar 87% de doencas em humanos (48/55),
atuando como antibacterianos, anticancer, antiparasitarios, anticoagulante, entre
outros. Ainda, nos Estados Unidos, 84 de 150 medicamentos prescritos séo
produtos naturais ou afins, e sdo utilizados como agentes antilérgicos, analgésicos,
medicamentos cardiovasculares e ainda no tratamento de doencas infecciosas
(CHIN et al., 2008).

Plantas do género Hypericum sdo bem conhecidas pelo seu uso na medicina
tradicional, sendo H. perforatum L. uma das espécies mais importantes e estudadas.
Motivados pelas diversas atividades biol6gicas apresentadas pelo género, nosso
grupo de pesquisa iniciou, em 2001, estudos com espécies nativas do Rio Grande
do Sul. Na andlise fitoquimica, verificou-se a auséncia de hipericina e hiperforina,
substancias marcadoras de H. perforatum L., e, até 0 momento, 0S compostos
encontrados em extratos lipofilicos foram benzopiranos, derivados de floroglucinol e
benzofenonas (FERRAZ et al., 2001; FERRAZ et al., 2002a; NOR et al., 2004;
BERNARDI et al., 2005).

Tanto extratos quanto compostos isolados de espécies nativas foram testados
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frente inOmeras atividades biol6gicas, apresentando resultados promissores. Dentre
estas espécies, destaca-se Hypericum polyanthemum, o qual apresenta distintas
atividades, sendo o efeito antinociceptivo o mais relevante do ponto de vista
farmacolégico. Visando obter extratos de H. polyanthemum enriquecidos nos
metabdlitos de interesse, tanto para fins de testar atividades biologicas, quanto para
isolamento de compostos, torna-se de grande importancia o estabelecimento de um
protocolo de extracdo utilizando diéxido de carbono (CO,) supercritico, o qual

apresenta inUmeras vantagens quando comparado com solventes organicos.

Os resultados obtidos no presente estudo indicam que a metodologia introduzida
apresentou-se adequada e eficiente na extracdo de benzopiranos e derivados de
floroglucinol, metabdlitos apolares de H. polyanthemum. Mesmo que o rendimento
dos extratos obtidos por extracao com fluido supercritico (SFE) seja igual ou pouco
superior ao rendimento do extrato obtido por extracdo com n-hexano, estas fracoes
apresentaram-se muito mais ricas nos metabdlitos bioativos. Ainda, verificou-se que
condicdes que fornecem elevado rendimento de extrato, provéem extratos com

menor concentracdo de metabdlitos.

Sendo a temperatura um parametro com efeito variavel, dependente da natureza
do material vegetal empregado na extracdo, neste trabalho, a temperatura acarretou
um aumento da extracdo de metabdlitos de H. polyanthemum, principalmente de

benzopiranos.

Em geral, a temperatura de 50 °C mostrou-se bastante adequada na extragéo de
benzopiranos e derivados de floroglucinol, visto que esses metabdlitos representam
aproximadamente 52% do extrato obtido nesta temperatura. No entanto, a melhor
condicdo de extragdo de cada metabdlito varia de acordo com suas caracteristicas
moleculares. A melhor condicdo de extracdo dos benzopiranos HP1 e HP3 é a 60
°C, 120 bar, porém, o rendimento de HP1 é cerca de trés vezes maior que o
verificado para HP3. Para extrair HP2 e o derivado de floroglucinol uliginosina B, 50
°C é a temperatura mais adequada, sendo as pressfes ideais 120 e 150 bar,
respectivamente. Em posse dessas informacdes, pode-se direcionar a extracdo com

fluido supercritico conforme o metabdlito de interesse.

As vantagens obtidas por esta metodologia vdo além do enriquecimento dos
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metabdlitos ativos por possuir alta seletividade. A extracdo € relativamente rapida
(de 15 min a 2 h), ha uma grande reducédo do uso de solventes orgéanicos (tecnologia
limpa), os extratos séo livres de clorofila, facilitando o isolamento de compostos, e
ainda, o CO, é de facil remocao do extrato, evitando posteriores manipulacdes da
amostra antes das analises (LANCAS, 2002). Os beneficios desta metodologia sdo
particularmente importantes quando objetiva-se avaliar atividades bioldgicas.
Extratos enriquecidos e livres de solventes organicos sdo desejaveis em ensaios

biolégicos, tanto in vitro quanto in vivo.

Tendo-se como importante o estudo de novos agentes terapéuticos no campo da
Parasitologia, neste trabalho, extrato de Hypericum polyanthemum obtido por
extracdo com fluido supercritico foi submetido a avaliacdo de atividade citotoxica
frente o protozoario Trichomonas vaginalis. Ainda, os metabdlitos secundarios
majoritarios de H. polyanthemum foram isolados por cromatografia em coluna a

partir de extratos obtidos por SFE, e também foram avaliados frente ao parasito.

O T. vaginalis é agente etiolégico da tricomonose, doenca sexualmente
transmissivel ndo viral mais comum no mundo. Este protozoario reside no trato
urogenital feminino e masculino, causando vaginites, uretrites e prostatites.
InUmeras sdo as consequéncias na saude de pacientes infectadas, incluindo
predisposicédo ao cancer cervical, complicacbes na gestacdo, aumento dos riscos de
infertilidade e HIV (JOHNSTON e MABEY, 2008). Derivados 5-nitroimidazélicos,
metronidazol e tinidazol, sdo os unicos farmacos aprovados pelo FDA para o
tratamento da tricomonose. No entanto, estima-se que pelo menos 5% dos isolados
clinicos apresentem resisténcia ao metronidazol (CUDMORE et al., 2004). Sendo
que atualmente ndo existem tratamentos alternativos aos 5-nitroimidazolicos, faz-se
necessaria a pesquisa de novos compostos anti-T. vaginalis estruturalmente
distintos aos nitroimidazdis e, consequentemente, citotoxicos por mecanismos de

acao alternativos.

Os resultados da atividade anti-T. vaginalis indicam que compostos obtidos a
partir de extrato lipofilico de Hypericum polyanthemum podem ser utilizados como
moléculas prottipo no desenvolvimento de farmacos tricomonicidas, visto que
possuem promissora atividade citotéxica frente o T. vaginalis. Tanto o extrato quanto
0os produtos isolados apresentaram atividade tricomonicida, porém o
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derivado de floroglucinol uliginosina B e o benzopirano HP1 apresentaram efeitos
citotdxicos mais pronunciados, matando aproximadamente 75% de trofozoitos de T.
vaginalis. Estudos preliminares a fim de elucidar o mecanismo de acao destas
substancias foram conduzidos. Todos 0s compostos testados provocaram liberacéo
da enzima lactato desidrogenase (LDH) do parasito para o meio de cultura, e
nenhum composto provocou significativa hemolise de eritrocitos, indicando uma

possivel seletividade dos compostos a membrana dos parasitos.

Paralelamente ao ensaio antiparasitario, procederam-se ensaios para avaliar a
citotoxicidade dos compostos frente a células de mamiferos (células VERO), pois tdo
importante quanto ser citotoxico para os parasitos, € nao ser toxico para células
humanas. Nestes ensaios, verificou-se que o derivado de floroglucinol uliginosina B
e 0 benzopirano HP2, apresentam-se toxicos frente ao modelo celular empregado.
HP1, composto que apresentou promissora atividade anti- T. vaginalis, mostrou-se

ser atoxico para estas células, apresentando elevado indice de seletividade.

Pelo fato do benzopirano HP1 apresentar-se altamente seletivo para o0s
parasitos, submeteu-se o composto a avaliacdo frente a um isolado clinico de T.
vaginalis resistente ao metronidazol. O HP1 também foi capaz de matar esse
isolado, restando viaveis, na maior concentracdo testada, cerca de 50% dos
trofozoitos. Além disso, o HP1 potencializou com grande sucesso o efeito do
metronidazol quando o mesmo foi testado em baixa concentracdo (8,0 uM),

verificando-se, em média, apenas 30% de trofozoitos viaveis.

Com relacdo a atividade citotdxica frente a células de mamiferos, benzopiranos e
derivados de floroglucinol ndo haviam sido avaliados até o momento. Os
benzopiranos foram testados previamente quanto a citotoxicidade e efeito
antiproliferativo frente a diferentes linhagens de células tumorais, e todos compostos
mostraram-se ativos (FERRAZ et al., 2005a, 2005b; GRIVICICH et al., 2008). Além
disso, os benzopiranos apresentaram efeito sobre células do epitélio endotelial
microvascular envolvidas no processo de angiogénese, sendo que HP3 e
principalmente HP2, apresentaram maior efeito citotdxico. Estes isdbmeros atuam
inibindo a proliferagdo celular tanto através de alteracdo do ciclo celular normal

guanto por inducdo de mecanismo apoptético, morte celular programada. HP2

86



apresentou efeito indutor de apoptose 30 vezes maior que HP3 (NOR, 2006).

Visto que os benzopiranos podem atuar no ciclo celular das células e/ou induzir
apoptose, que o HP2 é um composto fortemente indutor de apoptose, e ainda, que
este composto provocou morte celular em células de mamiferos, € possivel que seu
mecanismo de citotoxicidade frente a estas células seja por inducdo do processo
apoptotico. Esta hipotese é de certa forma confirmada no ensaio de dosagem de
LDH, onde foi verificada a liberagdo de apenas 26% da enzima, indicando que o
HP2 ndo provoca extenso dano na membrana celular das células, o que
caracterizaria um processo de necrose, onde ha rompimento da membrana celular

com extravasamento do contetdo citoplasmético (KROEMER e LEVINE, 2008).

A mitocOndria € uma organela que possui papel essencial no desenvolvimento do
processo apoptético, sendo ainda desconhecidos os mecanismos que levam a morte
celular de organismos amitocondriados, como o T. vaginalis (CHOSE et al., 2003).
Este parasito possui hidrogenossomos, organela pouco comum que apresenta
funcbes semelhantes a mitocdndria, contendo enzimas que participam do
metabolismo do piruvato, como por exemplo, a enzima piruvato ferredoxina éxido
redutase (PFOR) (MULLER, 1993). Esta enzima é a responsavel por reduzir o grupo
nitro do metronidazol, gerando intermediarios instaveis que levam a morte celular do
parasito. Desta forma, enzimas localizadas nos hidrogenossomos possuem

importante papel na morte celular do T. vaginalis.

O benzopirano HP1 parece atuar nos parasitos por mecanismo distinto aos
nitroimidazélicos, pois além de ter atividade frente a isolados de T. vaginalis
resistentes ao metronidazol, ele potencializou seu efeito quando testado em baixa
concentragdo. Visto o crescente aumento de isolados resistentes ao metronidazol, a
possibilidade do mecanismo de acdo deste benzopirano ser diferenciado é de
extrema relevancia na descoberta de novos farmacos tricomonicidas. Porém, o
exato mecanismo de ac¢do do HP1 ainda ndo foi esclarecido, sendo necessarios
estudos de microscopia e biologia molecular, uma perspectiva deste trabalho.

Considerando o potencial farmacoldgico dos produtos naturais testados, sugere-
se a realizacdo de processos de modificacdo estrutural nas moléculas avaliadas,

principalmente do benzopirano HP1, visando melhorar a atividade antiprotozoaria
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sem alterar o efeito atoxico nas células de mamiferos. Neste sentido, a extracao com
fluido supercritico pode auxiliar nos processos de semi-sintese, visto que sao
conhecidas as melhores condi¢cbes de extracdo dos metabdlitos e, portanto, podem
ser obtidos em elevadas quantidades.

A caréncia de estudos relacionados a Parasitologia aliado ao fato da diversidade
dos produtos naturais servir como bons protétipos de novas moléculas bioativas,
apontam a necessidade de mais pesquisas na area de produtos naturais, tanto por

parte de industrias, como governo e instituicbes académicas.
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6. CONCLUSOES GERAIS







Os resultados obtidos neste trabalho demonstram que o método de extracdo com
fluido supercritico é adequado na extracdo do derivado de floroglucinol uliginosina B,
e dos benzopiranos HP1, HP2 e HP3, metabdlitos secundarios de Hypericum
polyanthemum. Ainda, evidenciou-se uma nova e promissora atividade biolégica
para estes metabdlitos, atividade frente o protozoario Trichomonas vaginalis. Os
dados obtidos permitem as seguintes conclusdes:

1. A extracdo com fluido supercritico (SFE) foi capaz de enriquecer de forma
bastante significativa os extratos de H. polyanthemum, sendo o diéxido de
carbono um solvente adequado na extracdo de benzopiranos e derivados de
floroglucinol, compostos lipofilicos de H. polyanthemum.

2. As melhores condicdbes de SFE para cada um dos compostos foram
determinadas, sendo 50 °C a temperatura que, em geral, mostrou-se mais

adequada.

3. Os extratos obtidos por SFE apresentaram-se além de enriquecidos, livres de
clorofila, o que facilitou o processo de isolamento dos metabdlitos bioativos.

4. O extrato de H. polyanthemum obtido por SFE e seus compostos isolados
apresentaram relevante atividade citotoxica frente o protozoario Trichomonas
vaginalis, sendo que o benzopirano HP1 e o derivado de floroglucinol

uliginosina B apresentaram atividade mais promissora.

5. Nenhum dos compostos testados apresenta significante lise de eritrécitos, e

todos provocam acentuados danos a membrana celular dos parasitos.

6. Os compostos HP1 e HP3 mostraram-se atoxicos, e HP2 e uliginosina B

toxicos frente a células de mamiferos, utilizando como modelo células VERO.

7. Levando-se em conta a citotoxicidade frente o parasito e frente a células
VERO, o composto HP1 apresentou o maior indice de seletividade para os
parasitos.
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8. HP1 também se mostrou eficaz no combate ao isolado clinico de T. vaginalis
resistente ao metronidazol, apresentando efeito sinérgico a este farmaco

guando testados concomitantemente.

9. Benzopiranos e derivados de floroglucinol, compostos testados neste estudo,
podem servir como protétipo de novos farmacos tricomonicida, sendo HP1 o
composto com atividade anti- T. vaginalis mais promissora, e, portanto,

merece especial atencao.
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