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RESuMO

Espécies de Hypericum (Guttiferae) sdo mundialmente reconhecidas por seus
efeitos farmacologicos, destacando-se H. perforatum pela atividade
antidepressiva. O estudo com espécies brasileiras vem apresentando
resultados promissores. Hypericum polyanthemum e H. caprifoliatum
mostraram efeito antinociceptivo, enquanto H. caprifoliatum mostrou atividade
do tipo antidepressiva. Além disso, verificou-se atividade de H. polyanthemum
sobre o carrapato Rhipicephalus (Boophilus) microplus. Para essas espécies, €
descrita a presencga de benzopiranos, derivados de floroglucinol e flavonoides.
Objetivos: Isolar compostos fendlicos lipofilicos de H. polyanthemum e o
flavonoide hiperosideo de H. caprifoliatum, assim como avaliar atividades
biolégicas de algumas dessas substancias. Materiais e Métodos: Realizou-se
a analise quimica através de técnicas cromatograficas (CC, CCD) e
espectroscopicas ('H e '*C RMN). Hiperosideo foi avaliado nos seguintes
modelos comportamentais: potenciacdo do sono barbitdrico, atividade
locomotora espontanea, placa quente, contor¢des induzidas por acido acético e
natacdo forcada. O efeito antinociceptivo de isobutiril-5,7-dimetoxi-2,2-dimetil-
benzopirano  (HP1),  7-hidréxi-6-isobutiril-5-metoxi-2,2-dimetil-benzopirano
(HP2) e 5-hidroxi-6-isobutiril-7-metdxi-2,2-dimetil-benzopirano  (HP3), foi
investigado, assim como sua atividade acaricida através do teste de imersdo de
larvas. Resultados e Conclusées: Além dos benzopiranos HP1, HP2 e HPS3,
dois compostos nao relatados para a espécie H. polyanthemum, a xantona 6-
desoxijacareubina e um benzopirano de estrutura similar ao acido eriostemaico,
foram isolados de extrato obtido por fluido supercritico. Hiperosideo mostrou
efeito depressor sobre o SNC, e efeito antiimobilidade, que parece ser mediado
pelo sistema dopaminérgico, em ratos. HP1 apresentou efeito antinociceptivo
mediado pela neurotransmisséo opidide. Nos experimentos para investigacao
da atividade acaricida, os benzopiranos mostraram ser, pelo menos em patrte,

responsaveis pela toxicidade dos extratos sobre os acaros.

Palavras-chave: Hypericum, Hypericum  polyanthemum,  Hypericum
caprifoliatum, benzopiranos, flavondides, atividade no SNC, Rhipicephalus

(Boophilus) microplus
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ABSTRACT

The pharmacological effects of some Hypericum species are worldwide
recognized, mostly by the comproved efficacy of H. perforatum as
antidepressant. The south Brazilian species have been showing promissing
results.  Hypericum polyanthemum and H. caprifoliatum presented
antinociceptive effect, while an antidepressant-like activity of H. caprifoliatum
was reported. In addition, extracts from H. polyanthemum showed to be highly
toxic to Rhipicephalus (Boophilus) microplus cattle tick. The chemical
characterization reveals that these species are rich in benzopyrans, flavonoids
and phloroglucinol derivatives. Objectives: To isolate lipophilic compounds
from H. polyanthemum and the flavonoid hyperoside from H. caprifoliatum, as
well as to carry out a biological evaluation of some of the isolated substances.
Material and Methods: Chromatography and NMR spectroscopy techniques
were performed for isolation and structure elucidation. Hyperoside was applied
on behavior models, as the open field, pentobarbital sleeping potentiation, hot
plate, acetic acid-induced writhing and the forced swimming test. The
antinociceptive effect and the acaricide potential of 6-isobutyryl-5,7-dimethoxy-
2,2-dimethyl-benzopyran (HP1), 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-
benzopyran (HP2) and  5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-
benzopyran (HP3) were also investigated. Results and conclusions: A
benzopyran similar to the eriostemoic acid and the xanthone 6-deoxyjacareubin
were isolated from the extract obtained by supercritical fluid. Hyperoside
showed a central depressor effect and no toxicity signs. The present study
provides evidences for the involvement of D2-like dopaminergic
neurotransmission on the mechanism of hyperoside antidepressant-like action
in rats. HP1 presented opioid-mediated antinociceptive effect. On larvae
immersion test, the benzopyrans showed to account for the acaricide properties
of H. polyanthemum extracts.

Key-words: Hypericum, Hypericum polyanthemum, Hypericum caprifoliatum,

benzopyrans, flavonoids, CNS activity, Rhipicephalus (Boophilus) microplus



1. INTRODUGAO



As plantas sintetizam uma vasta gama de metabdlitos primarios e
secundarios, sendo uma importante fonte de novas moléculas com propriedades
farmacolégicas (QUEIROZ et al., 2009). As plantas medicinais vém sendo usadas
para fins farmacoldgicos ha séculos (BALUNAS e KINGHORN, 2005). Nas ultimas
décadas, o aumento do interesse em investigar novos compostos levou a
introducdo de varios farmacos importantes, como os antitumorais vimblastina
(Catharanthus roseus) e taxol (Taxus spp), € 0 antimalarico artemisinina (Artemisia
annua) (QUEIROZ et al., 2009).

Muitos farmacos listados nas Farmacopéias modernas sédo originados de
plantas, como a quinina, f&rmaco antimalarico extraido das cascas de Cinchona
spp. A pesquisa bem sucedida com produtos naturais é condicionada a forma
como a planta em estudo € selecionada (TAGBOTO € TOWNSON, 2001). Dados
quimiotaxondmicos, informagdes sobre o uso tradicional de espécies vegetais em
diferentes culturas (etnofarmacologia ou etnobotanica), observacao a campo, ou
selecao randémica sao critérios que podem ser usados para essa selegcdo. Uma
estratégia para o isolamento de compostos bioativos pode ser o fracionamento
bio-guiado, onde sao extraidas moléculas de fracbes bioldégica ou
farmacologicamente ativas (RATES, 2001; QUEIROZ et al., 2009).

A dificuldade de grande parte da populacdo em acessar preparacoes
farmacéuticas implica no uso de remédios tradicionais, sendo estimado que cerca
de 20 mil plantas sejam usadas medicinalmente em todo o mundo (TAGBOTO e
TOWNSON, 2001). Nos ultimos anos, a utilizacdo de formulacées naturais para o
tratamento de enfermidades vem crescendo. Segundo a Organizagao Mundial de
Saude, 70% das pessoas utilizam alguma terapia considerada nao convencional.
Nos Estados Unidos, esse numero chega a um terco da populagdo. Apesar do
aumento da popularidade, os individuos que fazem uso ndo conhecem os efeitos
adversos provocados por essas preparacoes, ja que sao limitadas as informacoes
sobre a eficacia, mecanismo de acgao, farmacocinética e seguranca, fazendo-se

necessarios estudos quimicos e farmacol6gicos (MESSINA, 2006; MISCHOULON,



2007; KINRYS et al.,, 2009; MisCHOULON, 2009). No entanto, muitas vezes as
formulagbes vegetais apresentam melhor perfil em relacdo aos efeitos adversos
que os farmacos sintéticos, os quais apresentam estudos sobre eficacia e
seguranca, além de apresentarem melhor aceitacdo e aderéncia ao tratamento. E
o caso de algumas plantas usadas para o tratamento de depressao e ansiedade
(ERNST, 2006; KINRYS et al., 2009).

Disturbios de humor e ansiedade sdo os disturbios psiquiatricos mais
freqUentes na prética clinica. Freqlentemente esses sintomas ocorrem ao mesmo
tempo, causando problemas socioeconémicos e dificuldades pessoais (SARRIS e
KAVANAGH, 2009). A Organizacao Mundial da Saude estima que a depressao afete
cerca de 121 milhdes de pessoas em todo o mundo, sendo a principal causa de
morbidade, incapacidade e mortalidade prematura. Os antidepressivos séo
eficazes em cerca de 60% dos casos, e menos de 25% das pessoas tém acesso
ao tratamento. O indice de efeitos adversos causados pelos antidepressivos é
alto, além de serem necessarias semanas para que os medicamentos alcancem o
efeito esperado (MACHADO et al., 2008; WHO, 2009). Embora existam remédios
naturais para o tratamento da maioria dos problemas médicos e fisiologicos, para
o tratamento de desordens psiquiatricas o numero de exemplares é reduzido
(MISCHOULON, 2009).

Hypericum perforatum ¢é usado tradicionalmente no tratamento de
depressao leve a moderada, sendo o agente antidepressivo mais prescrito na
Alemanha. E uma das dez espécies vegetais mais pesquisadas em todo o mundo,
sendo que preparagdes a base da planta sdo responsaveis por uma grande
parcela da venda de fitoterapicos (BILIA et al., 2002; MENNINI e GoBBI, 2004;
MiSCHOULON, 2007).

Meta-analises e estudos clinicos mostram que extratos da planta
apresentam melhor atividade que o placebo, assim como efeito semelhante ao de

antidepressivos classicos, como inibidores da recaptacao de serotonina, com



menor manifestacdo de efeitos adversos (KASPER et al., 2006; 2008; LINDE et al.,
2008; RAHIMI et al., 2009; SARRIS € KAVANAGH, 2009).

O género Hypericum é pertencente a familia Guttiferae, constituida de 1200
espécies. A subfamilia Hypericoideae é formada pelas tribos Vismiae, Cratoxyleae
e Hypericeae. A Ultima, a qual pertence o género Hypericum, apresenta cerca de
450 espécies distribuidas em todo o mundo, principalmente em regides
temperadas e subtropicais montanhosas. Essas espécies foram classificadas em
31 secdes por RoBSON (1981). As secdes foram definidas pela distribuicdo
geografica das espécies, mecanismo de polinizacdo, presenca de glandulas
negras e/ou glandulas pardas. Na regidao sul do Brasil concentram-se espécies
nativas pertencentes a duas secdes: Brathys e Trigynobrathys (ROBSON, 1981;
1990).

Diferentes espécies de Hypericum sao extensamente utilizadas desde a
antigtiidade na medicina popular pelo seu efeito sobre diversas patologias, como
acao antidepressiva, anti-helmintica, diurética, antibiética, antiviral, anti-herpes, no
tratamento de ferimentos e queimaduras (TROVATO et al., 2001; MENDES et al.,
2002; MENNINI e GoBBl, 2004; DUGOUA et al., 2006; SANCHEZ-MATEO et al., 2006).

Espécies de Hypericum encontradas do sul do pais vém mostrando
resultados promissores tanto do ponto de vista quimico quanto de atividades
farmacolégicas sobre o sistema nervoso central. Estudos realizados por nosso
grupo mostraram que espécies nativas do Rio Grande do Sul apresentaram efeito
antinociceptivo (VIANA et al., 2003) e antiimobilidade em roedores (VIANA et al.,
2005; 2006). A analise quimica mostra que essas espécies sao ricas em
flavondides, como hiperosideo (1), rutina (2), quercitrina (3) e isoquercitrina (4),
derivados de floroglucinol, além de benzopiranos, como isobutiril-5,7-dimetéxi-2,2-
dimetil-benzopirano (HP1) (5), 7-hidréxi-6-isobutiril-5-metoxi-2,2-dimetil-
benzopirano (HP2) (6) e 5-hidroxi-6-isobutiril-7-metdxi-2,2-dimetil-benzopirano
(HP3) (7), benzofenonas, taninos, acidos fendlicos e éleos volateis em pequenas



concentragbes (FERRAzZ et al, 2001; 2002a; 2005a; DALL’AGNOL et al., 20083;
BERNARDI et al., 2005). Foram identificadas cerca de 20 espécies nativas do
género Hypericum no sul do pais. Sao exemplos H. carinatum Griseb., H. ternum
A. St. Hil., H. connatum Lam., H. myrianthum Cham. & Schltdl., H. linoides A. St.
Hil., H. caprifoliatum Cham. & Schitdl. e H. polyanthemum Klotzsch ex Reichardt
(RoBsoON, 1981; 1990).

(1) R = B-D-galactosil
(2) R = a-L-rutinosil
(3) R = a-L-ramnosil
(4) R = B-D-glicosil

0 OR'
(5) R=CH; e R'=CH3 ~
(6) R=H e R’= CH,

(7) R= CHs e R'=H : o

A atividade antidepressiva de H. perforatum € atribuida principalmente aos
derivados de floroglucinol hiperforina (8) e ad-hiperforina (9), as naftodiantronas
hipericina (10) e pseudo-hipericina (11), assim como a varios flavonéides. O papel
e 0 mecanismo de acgao dos diferentes compostos ainda estdo sob investigagédo. A
visdo simplista de que somente um composto através de um mecanismo de agao
seria responsavel pela atividade parece incorreta, havendo um consenso entre
varios autores de que multiplos compostos bioativos contribuem para a atividade
antidepressiva do extrato da planta de forma complexa (AMARAL et al., 1999;
MENNINI e GoBBI, 2004; BUTTERWECK e SCHMIDT, 2007).



8)R=H

(9) R = CH,
(10) R=CH Ho
(11) R=CH,OH HO

Preparacbes de H. perforatum s&o indicadas para o tratamento de
depressao leve a moderada, e tém sido consideradas também para o tratamento
da depressdao maior, com efeito comparavel ao de antidepressivos classicos e
inibidores da recaptacao de serotonina (LINDE et al., 2008; RAHIMI et al., 2009),
além do tratamento de disturbios de ansiedade (KINRYS ef al, 2009; SARRIS e
KAVANAGH, 2009). Os mecanismos sobre a depressao sugeridos sao: inibicao
fraca da enzima monoaminooxidase (MAO); ligacdo a receptores
benzodiazepinicos no cérebro; inibicdo da recaptacdo nao-seletiva de
neurotransmissores, como serotonina, norepinefrina, dopamina e colina;
modulacdo do eixo hipotadlamo-pituitaria-adrenal (HPA), levando ao aumento da
producdo de fator neurotréfico derivado do cérebro (FNDC); e aumento da
atividade dopaminérgica no coértex pré-frontal (BUTTERWECK e SCHMIDT, 2007;
SARRIS e KAVANAGH, 2009).



Nos ultimos anos, houve um enriquecimento do potencial farmacolégico de
H. perforatum, sendo descritas as atividades antiviral, anticancerigena,
antiproliferativa, antimicrobiana, antiinflamatéria, antioxidante, na cicatrizacao de
ferimentos, entre outras (AVATO et al.,, 2004; MARTARELLI et al., 2004; SILVA et al.;
2005; SKALKOS et al., 2005; SILVA et al., 2008; BIRT et al., 2009; MAURY et al., 2009;
SAMADI et al., 2010; SUNTAR et al., 2010). Dessa forma, investigacées envolvendo
outras plantas do género tém sido feitas baseadas no valor cientifico e econémico,
buscando identificar fontes alternativas de moléculas ativas, assim como
compostos com mecanismos de agao inovadores (TROVATO et al., 2001; MENDES
et al., 2002; CAKIR et al., 2003; RABANAL et al., 2005; SANCHEZ-MATEO et al., 2006;
VIANA et al., 2006; FRITz et al., 2007a).

Em uma triagem realizada com sete espécies do género, H. ternum mostrou
atividade antifungica significativa contra espécies como Trichophyton rubrum, T.
mentagrophytes, Microsporum canis, M. gypseum, Cryptococcus neoformans, e
Candida albicans (FENNER et al, 2003). Hypericum myrianthum e H.
polyanthemum inibiram a germinagdo e o crescimento de alface (Lactuca sativa
L.), atividade conferida a presenca de compostos fendlicos nas mesmas (FRITz et
al., 2007b). Para H. polyanthemum, foi observada toxicidade significativa dos
extratos das partes aéreas sobre o acaro Rhipicephalus (Boophilus) microplus,

possivelmente atribuida aos cromenos presentes na planta (RIBEIRO et al., 2007).

O uso popular das espécies H. brasiliense e H. connatum para alivio de
desordens como angina, caimbras e inflamacao oral de faringe apontam possivel
efeito analgésico para o género. Os extratos de H. caprifoliatum e de H.
polyanthemum demonstraram efeito antinociceptivo nos testes da placa quente e
contorgdes induzidas por acido aceético, com envolvimento do sistema opidide
(VIANA et al., 2003). Hypericum caprifoliatum inibiu as contra¢des induzidas por
agonistas em ileo isolado de cobaio (VIANA et al., 2007). Através de estudos
farmacolégicos in vivo e in vitro verificou-se que H. caprifoliatum apresenta efeito

do tipo antidepressivo de forma dose-dependente, com atividades inibidora da



MAO, redutora dos niveis de corticosterona e inibidora da recaptacao
monoaminérgica, principalmente dopaminérgica (DAUDT et al., 2000; GNERRE et
al., 2001; VIANA et al., 2005; 2006; 2008). Os principais constituintes dessa
espécie sao os derivados de floroglucinol HC1 (cuja estrutura ainda nao foi
completamente elucidada), hiperbrasilol B, uliginosina B e o flavonodide
hiperosideo (NOR et al., 2004; 2008; DALL’AGNOL et al., 2005). Diversos trabalhos
mostram que compostos com padrao de substituicao floroglucinol e flavondides,
podem estar envolvidos no efeito apresentado por essas espécies sobre o sistema
nervoso central (BUTTERWECK et al, 2003; FERNANDEz et al., 2005; LINDE e
KNUPPEL, 2005; MACHADO et al., 2008).

Além disso, outras propriedades farmacoldgicas vém sendo reveladas para
extratos, fracoes e compostos isolados de exemplares do género. Como exemplos
para as atividades biol6gicas demonstradas podem ser citados: a atividade
inibidora da MAO de extratos de diferentes espécies, e do benzopirano HP3,
isolado de H. polyanthemum (GNERRE et al., 2001); a acdo antiproliferativa de
extratos e dos benzopiranos HP1, HP2 e HP3 (FERRAZ et al., 2005b; FERRAZ et al.,
2005c; GRIvICICH et al., 2008); efeito citotoxico de HP1, HP2 e HP3 frente a células
envolvidas no processo de angiogénese (NOR, 2006); e atividade antimicrobiana
de fracoes e compostos isolados (DALL’AGNOL et al., 2003; 2005). Além disso, 0s
benzopiranos apresentaram baixa genotoxicidade e mutagenicidade (FERRAZ et
al., 2009).

Hypericum polyanthemum se destaca devido ao potencial terapéutico
demonstrado por extratos apolares e por substancias isoladas da planta. Em
funcdo da necessidade de padronizar o material vegetal, protocolos para cultivo in
vitro e aclimatizacdo foram estabelecidos, assim como a andlise dos teores
dessas substancias em plantas provenientes de diferentes cultivos e da planta in
natura (BERNARDI et al., 2007a; BERNARDI et al., 2008).



Outro estudo realizado com essa espécie comparou métodos de extracao,
objetivando estabelecer técnicas mais eficientes para a obtencdo de compostos
bioativos. A extracdo por fluido supercritico (EFS CO,) mostrou ser um método
vantajoso para a extracdo de moléculas bioativas com maior rendimento, em
condigbes que proporcionam a ndo-degradabilidade devido a baixa temperatura, e
por utilizar um extrator ndo-téxico, facilmente removido do extrato (CARGNIN et al.,
2010).

Alguns flavondides isolados de H. ternum, caracterizados nas espécies
nativas, mostraram relevante potencial antioxidante (BERNARDI et al., 2007b). SILVA
e colaboradores (2008) relataram a atividade antioxidante de quercetina e
hiperosideo através de ensaio de captura de DPPH® (2,2-difenil-1-picril-hidrazil),
sendo que hiperosideo apresentou também atividade através do teste de captura
de AAPH® (2,2-azobis (2-amidinopropano) hidrocloreto) e de inibicdo da

peroxidacao lipidica por ligacao ao ferro.

Estudos indicam que flavondides atuam em sistemas celulares de animais
em diferentes estagios do processo canceroso e na homeostasia, sendo
demonstrada acdo antiproliferativa, antimutagénica e anticarcinogénica para
diversos compostos. Acredita-se que essas atividades podem estar relacionadas
com as propriedades antioxidantes dos compostos, protegendo, ainda, os tecidos
contra a peroxidacao lipidica e agregacao plaquetaria, envolvidas em patologias
como aterosclerose e inflamacao crénica (HOLLMAN et al., 1997). Dentre os
trabalhos desenvolvidos para avaliagao de efeitos bioldgicos de flavonodides, estao
os estudos sobre a acao analgésica e antidepressiva desses compostos (COOK e
SAMMAN, 1996; DI CARLO et al., 1999; HARBORNE e WILLIAMS, 2000; BUTTERWECK et
al., 2000; HAVSTEEN, 2002).

Considerando os dados apresentados, torna-se evidente que estas
espécies sao alvos importantes na busca de estruturas inéditas e de substancias
relevantes do ponto de vista biolégico.
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2. OBJETIVOS



2.1. Objetivos gerais

Isolar compostos fendlicos lipofilicos de Hypericum polyanthemum e o
flavondide hiperosideo de H. caprifoliatum, assim como avaliar atividades
biolégicas do extrato ciclo-hexano de H. polyanthemum e de algumas dessas

substancias.

2.2. Objetivos especificos

x Realizar a andlise fitoquimica de Hypericum polyanthemum, buscando isolar os
benzopiranos isobutiril-5,7-dimetoxi-2,2-dimetil-benzopirano  (HP1), 7-hidroxi-6-
isobutiril-5-metéxi-2,2-dimetil-benzopirano (HP2) e 5-hidroxi-6-isobutiril-7-metoxi-
2,2-dimetil-benzopirano (HP3), uliginosina B, e outros compostos nao relatados.

x Investigar a relagdo dose-efeito do extrato ciclo-hexano de H. polyanthemum na

placa quente, assim como o envolvimento do sistema opidide nesse efeito.
x Avaliar, em roedores, as atividades do extrato ciclo-hexano de H. polyanthemum,
dos benzopiranos HP1, HP2 e HP3, e do flavonoide hiperosideo sobre o Sistema

Nervoso Central.

x Estudar o mecanismo de acdo da atividade farmacolégica encontrada para
algumas dessas moléculas isoladas.

x Investigar a atividade acaricida de derivados benzopiranicos, isoladamente,
sobre larvas do carrapato Rhipicephalus (Boophilus) microplus.
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3. PARTE EXPERIMENTAL E RESULTADOS
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A parte experimental e os resultados obtidos no desenvolvimento dessa
dissertacao estao apresentados nos manuscritos encartados a seguir:

3.1. “Benzopyran and xanthone derivatives from Hypericum
polyanthemum”, em preparacdo para o peribdico Natural Product

Communications

3.2. “The anti-immobility effect of hyperoside on the forced swimming
test in rats is mediated by the D2-like receptors activation”, aceito para
publicacao no periddico Planta Medica, sob o cédigo PLAMED-2010-02-0196-OP.

3.3. “The antinociceptive effect of a benzopyran (HP1) isolated from
Hypericum polyanthemum in mice hot-plate test is blocked by naloxone”,
aceito para publicacao no periddico Planta Medica. DOI: 10.1055/s-0029-1240942.

3.4. “Acaricidal activity from benzopyrans from Hypericum
polyanthemum on Rhipicephalus (Bophilus) microplus”, em preparacao para
o periddico Veterinary Parasitology.
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3.1. MANUSCRITO I:

“Benzopyran and xanthone derivatives from Hypericum
polyanthemum”

Em preparacao para o periédico Natural Product Communications
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O presente trabalho teve como objetivo o isolamento de compostos
fendlicos lipofilicos nao relatados para as partes aéreas de Hypericum
polyanthemum a partir de um extrato obtido por fluido supercritico CO.. Para esse
fim, foram utilizados métodos cromatograficos, como cromatografia em coluna
(CC), e cromatografia em camada delgada (CCD) analitica e preparativa. A
identificagdo dos compostos isolados foi realizada através dos métodos
espectroscopicos RMN 'H e °C.

Além dos compostos ja relatados para a planta, um derivado de
benzopirano e uma xantona foram isolados. A elucidagdo dos compostos permitiu
identificar a xantona como a 6-desoxijacareubina. Para elucidacao da estrutura do
derivado benzopiranico, outros estudos sdo necessarios. Desse modo, novos

espectros estao sendo providenciados.
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From the aerial parts of Hypericum polyanthemum Klotzsch ex Reichardt (Guttiferae),
besides the three known benzopyrans 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-benzopyran
(1); 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-benzopyran (2) and 5-hydroxy-6-
isobutyryl-7-methoxy-2,2-dimethyl-benzopyran (3), and the phloroglucinol derivative
uliginosin B (4), the benzoyran derivative HPF7 (5) and the xanthone 6-deoxyjacareubin
(6) were isolated. The structures of these compounds were elucidated by means of NMR
spectroscopic methods. The spectral data of § and 6 are reported for the first time to the

plant.

Keywords: Hypericum polyanthemum, Guttiferae, Benzopyrans, Xanthones.

16



1. Introduction

Hypericum genus is a rich source of phenolic compounds. For these species it has been
described the presence of phloroglucinol derivatives, xanthones, benzopyrans and
flavonoids (von Poser et al., 2006). Hypericum polyanthemum, one of the 20 Hypericum
species native to South Brazil, has been studied showing antinociceptive effect in mice
(Viana et al., 2003). Extracts, fractions and isolated compounds from this species also
displayed MAOI, antibacterial, antiproliferative and acaricidal activities (von Poser et al.,
2006). Three benzopyrans, 6-isobutyryl-5,7-dimethoxy-2,2-dimethylbenzopyran (HP1), 7-
hydroxy-6-isobutyryl-5-methoxy-2,2-dimethylbenzopyran ~ (HP2) and  5-hydroxy-6-
isobutyryl-7-methoxy-2,2-dimethylbenzopyran (HP3) have previously been isolated from
the aerial parts of this plant (Ferraz et al., 2001). These benzopyrans were singly tested,
showing a significant reduction of the nociceptive responses in the hot plate and in writhing
induced by acetic acid tests for HP1. This effect was prevented by the naloxone
administration, showing that this compound is involved in the opioid mediated

antinociceptive effect of H. polyanthemum (Haas et al., 2010).

Some pharmacologically active substances are susceptible to rapid thermal, light-induced
and oxidative decomposition, as the phloroglucinol derivative hyperforin, one of the main
compounds from H. perforatum (Glisic et al., 2008). The supercritical fluid extraction
using CO, (SFE-CO,) improves the selectivity and the non-degradation of thermolabile
molecules, uses a non-toxic and non-explosive extractor, easily removed from the extract,
with low cost, confering attractive characteristics as a solvent for the extraction of
components from the solid matrix (Taylor, 1996). The raise of extraction temperature
showed a negative effect, leading to an increased degradation of phloroglucinol derivatives
(Rompp et al., 2004). Recently it was shown that the SFE-CO, extracts obtained from H.
polyanthemum reached higher amounts of secondary metabolites then the n-hexane extract
obtained by maceration. According to this study, the temperature of 50 °C was considered

the best condition to obtain the target compounds (Cargnin et al., 2010).
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Considering the selectivity of this process, the aim of the present work was to analyse the

SFE-CO; of H. polyanthemum and to isolate some of the minor components of this extract.

2. Methodology

2.1. General experiment procedures

NMR data (600 MHz for 'H and 150 MHz for '*C) were measured on a JEOL Eclipse 400
spectrometer in CDClI3 using the solvent peaks as internal standard; for 2D experiments
standard pulse sequences from the Delta software (version 3.2) were used. The HMQC
(Heteronuclear Multiple Quantum Coherence) experiment was optimized for J = 140 Hz.
The HMBC (Heteronuclear Multiple Bond Correlation) experiment was optimized for J = 8
Hz. TLC: silica gel 60 F,s4 precoated (Merck®), n-hexane:dichloromethane, 1:1 v/v (1); 3:2
v/v (2 and 4); 4:1 v/v (5§ and 3); dichloromethane (6). Bands were detected under UV light
(254 nm).

2.2. Plant material

Plant material of H. polyanthemum Klotzsch ex Reichardt (aerial parts) was collected in
Cacapava do Sul, South Brazil, in November of 2005. The voucher specimen was deposited
in the Herbarium of the Federal University of Rio Grande do Sul (ICN) (Hypericum
polyanthemum, Bordignon et al. 1405).

2.3. Supercritical extraction

Supercritical extractions were carried out on pilot-scale automated equipment previously
described (Cassel et al., 2007). 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
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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) was used and the extractions were
conducted at 50 °C and pressure of 90 bar for 60 min. The supercritical carbon dioxide

flowed at rate of 6.67x10™ kg s through the extraction vessel.

2.4. Isolation procedures

The CO, extract was treated with acetone in order to remove waxes and insoluble
impurities, evaporated to dryness, and analysed by TLC. The isolation procedures were
performed by silica gel column chromatography GFs (Merck®), (50 X 3 cm) using
cyclohexane-dichloromethane gradient system as mobile phase. The compounds were
purified by preparative-TLC performed on 20cmx20cm glass-supported plates covered
with 0.5 mm layers of silica gel GFas4 (Merck®). The chromatographic eluent used were as
follow: cyclohexane:CH,Cl, (1:1 v/v) for (1); (3:2 v/v) for (2) and (4); (4:1 v/v) for (3) and
(5); and CH,Cl, for (6). Bands were detected using UV light (254 nm) and the compounds
were identified by 'H RMN and "*C RMN.

In order to compare the SFE-CO, of the aerial parts of H. polyanthemum with a n-hexane
extract obtained by maceration, a TLC analysis was performed, showing similar
chromatographic behavior. Considering the selectivity of the former method, this extract,
free from carotenoids, chlorophylls and other undesirable compounds, was elected for the

isolation of the compounds.
The SFE-CO; of the aerial parts of H. polyanthemum on silica gel chromatography yielded

the four major compounds HP1 (1), HP2 (2), HP3 (3) and uliginosin B (4), previously

obtained from this plant, and the minor compounds S and 6, showing to be a benzopyran
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and a xanthone derivatives. The structures of these compounds were elucidated by means of

spectroscopic methods. This is the first report of these compounds for H. polyanthemum.

(1) HP1 R1=Me R2=Me
(2) HP2 R1=Me R2=H S
(3) HP3 R1=H R2=Me (4) Uliginosin B

©) (6)

The compound 5 (benzopyran derivative) was obtained as a light yellow crystalline solid.
The "H NMR and ?CNMR (CDCls) are present in Table 1. The "H NMR spectra showed
the presence of two pairs of chromene doublets at § 6.60 and 5.44 ppm (each 1H, J=10.2
Hz), and 6.66 and 5.56 ppm (J=10.2 Hz), together with two six-proton singlets at & 1.44
and 1.49 ppm, indicating the presence of two dimethylpyran ring systems in the molecule.
The 'H and "°C signals at & 3.66 ppm and & 60.10 ppm, respectively, indicated the presence
of a methoxyl group attached to the aromatic ring. A singlet proton at 6 H 14.10 ppm
revealed the presence of a hydroxyl group. The proposed skeleton has only two possible
positions to attach substituents, one of them occupied by the methoxyl group. Considering
that the spectrum presents aditional signals compatible with an alkyl chain, it suggests that

the hydroxyl could belong to a carboxylic acid group. The assemblage of signals does not
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allow defining the structure of compound 5. Other experiments are necessary to confirm its

identity.

Table 1: '"H NMR and '*C NMR chemical shift data for compound 5 (3, in CDCls)

Position H Shift (6) Multiplicity J (Hz) Carbon Shift (6)
C-1
C-2 161.1
MeO-2 3.66 S - MeO-2 51.46
C4
C-5
C-6
7-H 2.28 d C-7 34.38
34.10
8-H dd C-8
9-COOH 14.16 S 9-CO 174.0
c-2’
3’-H 5.43 d Jp»=10.2 Cc-3’ 124.52
4’-H 6.65 d J3=10.2 c4 116.26
c-2”
3”-H 5.45 d Jp»=10.2 Cc-3” 125.32
4”-H 6.59 d J3»=10.2 c-4» 116.49
2.28 ddd
4.12 dd Not yet attributed
5.37 m

The family Rutaceae has been proved to be, together with Asteraceae and Guttiferae, a rich

source of benzopyrans compounds (Proksch and Rodriguez, 1983; Kamperdick et al.,

1997). A compound with similar chemical structure to compound 5, named eriostemoic

acid, was previously isolated from Eriostemon cymbiformis and Eriostemon rhomboideus,

Rutaceae (Sarker et al., 1995; Sultana et al., 1999).

Compound 6, 6-deoxyjacareubin, was obtained as a deep yellow crystalline constituent.

This xanthone (Rf 0.50 in CH,Cl,) is soluble in dichloromethane and poorly soluble in n-
hexane. The 'H NMR (CDCl;) and >C NMR (CDCls) are shown in Table 2.
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Table 2: 'H NMR and "*C NMR chemical shift data for compound 6 (3, in CDCls)

Position H Shift (6) Multiplicity J (Hz) Carbon Shift () HMBC correlation data
1-OH 12.98 (1H) S C-1 160.98 Cc-2,C-9*
C-2 101.02
4-H 6.30 (1H) S C-4 99.83 C-1,C-2,C-9°
C-5 144.08
6-H 7.33 (1H) dd J=7.8;1.38 C-6 120.38 C-5,C-8
7-H 7.27 (1H) d Jos=7.8 C-7 124.23 C-5,C-6,C-8
8-H 7.78 (1H) dd J,6=7.8,1.8 C-8 117.14 C-5,C-6,C-9
9-CO 181.00
C-9a 103.55
11-H 6.78 (1H) d J11=9.9 C-11 114.58 C-1,C-2,C-9a, C-13
12-H 5.65 (1H) d J1»=9.9 C-12 127.75 C-2,C-13,C-14, C-15
C-13 78.32
14-Me/15-Me 1.49 (1H) S 14/15-Me 28.23 C-11,C-12,C-13

The '"H NMR spectral data characterized compound 6 as a chromenoxanthone. The 'H
NMR spectrum resonances characterized a dimethylpyran ring and the presence of two
protoneted aromatic rings. A singlet proton at 6 H 12.98 revealed the presence of a
hydroxyl group at C-1, chelated to a carbonyl group of the xanthone. These data are in
agreement with literature values for this compound, previously isolated from H. brasiliense
and Calophyllum species (Karunanayake et al., 1981; Kumar et al., 1982; Goh et al., 1991;
Rocha et al., 1994).
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3.2. MANUSCRITO II:

“The anti-immobility effect of hyperoside on the forced swimming
test in rats is mediated by the D2-like receptors activation”

Aceito para publicacao no periéodico Planta Medica, sob o codigo
PLAMED-2010-02-0196-OP.
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Hiperosideo € encontrado com abundancia em espécies de Hypericum,
sendo relatadas diversas atividades para o composto, tais como antioxidante,
antibacteriana, antinociceptiva e antiimobilidade. Neste trabalho foram realizados o
isolamento da substancia e uma avaliacao de algumas atividades farmacoldgicas

utilizando modelos animais.

A administragao do flavondide diminuiu a atividade locomotora, aumentou o
tempo de sono e mostrou efeito antiimobilidade em camundongos. Em ratos a
atividade do tipo antidepressiva foi reproduzida, sendo verificado que esse efeito é
mediado pelo sistema dopaminérgico. Nao foi verificado efeito antinociceptivo nos
modelos testados.
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cc:

Subject:
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Carta de aceite do manuscrito:

butterwk@cop.ufl.edu

ratessmk@hotmail.com

luc.pieters@ua.ac.be

Planta Medica - Decision on PLAMED-2010-02-0196-0P

03-Apr-2010

Dear Dr. Rates,

Manuscript PLAMED-2010-02-0196-0P entitled "The anti-immability effect of hyperoside on
the forced swimming test in rats is mediated by the D2-like receptors activation” submitted to

Planta Medica has been reviewed. The comments of the reviewer(s) are attached below.

The reviewer(s) have recommended publication, but also suggest major revisions to your
manuscript.
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Abstract

The crude extracts of Hypericum species native to South Brazil showed analgesic and
antidepressant-like effects in rodents. The chemical characterization of these species
revealed that they are rich in flavonoids and phloroglucinol derivatives. In the present study
a detailed investigation was performed on the activities of hyperoside (HYP), a common
flavonoid in the genus Hypericum. Hyperoside was obtained from the aerial parts of H.
caprifoliatum by chromatographic procedures. Mice treated with single doses (10, 20 and
40 mg/kg i.p.) did not present signs of toxicity or weight loss. At 20 and 40 mg/kg i.p. the
mice exploratory behavior in the open field test was reduced. At 20 mg/kg i.p. the
pentobarbital sleeping time increased, but not the sleeping latency. No activity was found
neither on the hot plate (10 and 20 mg/kg i.p.) nor in the acetic acid-induced writhing test
(20 and 40 mg/kg p.o.). Nevertheless, an antidepressant-like effect in forced swimming test
in mice and rats was observed (HYP 10 and 20 mg/kg i.p. in mice; HYP 1.8 mg/kg/day p.o.
in rats). The antidepressant-like effect in rats was prevented by the administration of
sulpiride (50 mg/kg 1.p.) a D2 antagonist. In conclusion, hyperoside was found to present a
depressor effect on the Central Nervous System as well as an antidepressant-like effect in

rodents which is, at least in part, mediated by the dopaminergic system.

Keywords: Hypericum, Guttiferae, Hypericum caprifoliatum, hyperoside, antidepressant-

like activity

Abbreviations

ACTH Adrenocorticotropic hormone

DBH Dopamine-beta-hydroxylase

FST Forced Swimming Test

HMBC Heteronuclear Multiple Bond Correlation

HMQC Heteronuclear Multiple Quantum Coherence

HP1 6-Isobutyryl-5,7-dimethoxy-2,2-dimethyl-benzopyran
HPA Hypothalamic-Pituitary- Adrenal

HYP Hyperoside

SULP Sulpiride
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Introduction

Hyperoside (quercetin-3-O-galactoside) (HYP) is one of the major components of
Hypericum perforatum (St John’s Wort) and also of South Brazilian Hypericum species [1].
The efficacy of H. perforatum as antidepressant has been demonstrated in numerous
clinical studies and meta-analyses [2-6]. Nowadays, the pharmacological actions of this
species are attributed to a variety of constituents rather then to a single compound [7-8].
The phloroglucinol derivatives hyperforin and adhyperforin, the naphthodianthrones
hypericin and pseudohypericin, the flavonoids hyperoside, rutin, quercitrin and
isoquercitrin have all been considered as active ingredients of the plant. Some data strongly
indicate hyperforin and derivatives as the most active compounds [9-13] while other studies

pointed out the flavonoids, such as hyperoside and rutin, as responsible for the activity [14].

In South Brazil, 20 Hypericum species have been identified. Although in popular medicine
the use of these species for antidepressant purposes has not been documented, previous
experiments carried out in our laboratory demonstrated that the methanol [15-16] and
cyclohexane extracts [17-18] of the native Hypericum species presented antidepressant-like
action in rodents via dopaminergic neurotransmission [17]. H. polyanthemum and H.
caprifoliatum extracts also displayed antinociceptive effects. The effect of the methanolic
extract from H. caprifoliatum was only partially prevented by naloxone suggesting that this
extract contains at least two groups of substances acting by different mechanisms [19]. The
chemical characterization revealed that the abovementioned species are rich in
phloroglucinol derivatives, benzopyrans and flavonoids, being hyperoside the major
component of the methanol extracts [1,20,21]. HP1 (6-isobutyryl-5,7-dimethoxy-2,2-
dimethyl-benzopyran), the main benzopyran isolated from the cyclohexane extract of H.
polyanthemum showed an antinociceptive effect in the hot plate and writhing tests in mice,
which was counteracted by naloxone, thus indicating that it acts through the opioid system

[22].

Rylski and co-workers [23] demonstrated the activity of hyperoside in the hot plate test at

doses ranging from 3.5 - 10 mg/kg i.p. Several studies attributed anti-inflammatory
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properties to hyperoside. It presented a low topical anti-inflammatory activity in croton-oil-
induced mice ear edema [24], reduced prostaglandin E2 (PGE2) production [25], inhibited
the increase of acetic acid-induced vascular permeability in mice [26], and also suppressed
LPS-induced nitrite production [27]. A mixture of hyperoside and isoquercitrin inhibited p-
benzoquinone-induced writhings in mice in 25.8% as well as reduced carrageenan-induced
paw edema in 26.8-29.7%, and also inhibited 12-O-tetradecanoyl-13-acetate (TPA)-

induced mouse ear edema in 32.8% [28].

In this study we have carried out a reassessment of the antinociceptive and antidepressant-
like effects of hyperoside testing doses and animal species different from those evaluated
by others [14,23]. Hyperoside was evaluated in the hot plate and acetic acid-induced
writhing tests in mice, as well as in the forced swimming test (FST) in mice and rats. The
involvement of D2-like dopamine receptors on the antidepressant-like effect in the forced

swimming test was also investigated.

Materials and Methods

Plant material

Aerial parts of H. caprifoliatum Cham. & Schlecht. were collected in November 2007, in
the region of Viamao, South Brazil. The plant material was identified by Dr. Sérgio
Bordignon (ULBRA-RS-BRASIL) and voucher specimens were deposited in the herbarium
of the Federal University of Rio Grande do Sul (ICN) (Bordignon 1496). The plant
collection was authorized by IBAMA (Instituto Brasileiro do Meio Ambiente e dos

Recursos Naturais Renovaveis) (N° 03/2008).

Extraction and Isolation

The dried and powdered plant material (300 g of aerial parts) was successively extracted by
maceration with dichloromethane (1:10 w/v; 3x24h), to remove the lipophilic compounds,
and then with methanol (1:10 w/v; 3x24h) at room temperature (25 °C). The methanol

extract, concentrated under reduced pressure, afforded a fraction rich in flavonoids, in

31



which the most abundant compound was hyperoside. The compound was purified by
precipitation and subsequent silica gel column chromatography GFg (Merck®) (50 x 3 cm)
by using ethyl acetate-methanol gradient system as mobile phase. Hyperoside (1200 mg:
0.4 g/100g raw material) was identified by TLC, '"H-NMR and *C-NMR.

NMR data (500 MHz for 'H and 125 MHz for '*C) were measured on a JEOL Eclipse 400
spectrometer in MeOD using the solvent peaks as internal standard; for 2D experiments
standard pulse sequences from the Delta software (version 3.2) were used. The HMQC
(Heteronuclear Multiple Quantum Coherence) experiment was optimized for J = 140 Hz.
The HMBC (Heteronuclear Multiple Bond Correlation) experiment was optimized for J = 8
Hz. UV data was obtained in a Hewlett Packard UV-VIS model HP8452-A, using methanol
as solvent. TLC: silica gel 60 Fs4 precoated, ethyl acetate-acetic acid-formic acid-water,

100:11:11:26 v/v/v/v). Bands were detected under UV light (254 nm).

Behavioral experiments

Animals

Adult male CF1 mice (25-30 g) and male Wistar rats (weight 200-300 g) purchased from
the Fundacdo Estadual de Producdo e Pesquisa em Satide (FEPPS — RS - Brazil) colony
were used. The animals were housed in plastic cages in groups of eight mice (17 x 28 x 13
cm) or five rats (42 x 28 x 16 cm). All animals were kept under a 12-h light/dark cycle
(lights on at 7:00 a.m.) at a constant room temperature of 22+1 °C and humidity (60%) with
free access to standard certified rodent diet (Nuvital®) and tap water. All behavioral
experiments were performed according to the guidelines of The National Research Ethical
Committee (published by National Heath Council — MS, 1998) and Brazilian Law [29],
which are in compliance with the International Guiding Principles for Biomedical Research
Involving Animals [30]. All protocols were approved by the UFRGS Ethical Committee
(N° 2008008).
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Drugs and treatments

The following drugs were used: pentobarbital (Cristdlia, Brazil), diazepam (Cristalia,
Brazil), morphine (Cristdlia, Brazil), dipyrone (Sanofi-Aventis, Brazil), imipramine
(Galena, Brazil). Hyperoside was dissolved in saline solution containing 1% polysorbate
80. The final solutions’ pH was 5.0. The negative control group received vehicle i.p. or p.o.
(saline containing 1% polysorbate 80). The other drugs were dissolved in saline (NaCl
0.9%) solution immediately before using. All administered drugs presented pharmaceutical
grade of purity (> 97%). The volume administered was 10 mL/kg for mice and 1 mL/kg for
rats. Hyperoside doses were chosen based on Butterweck and co-workers [14], Rylski and

co-workers [23] and Chang and co-workers [31].

Gross behavior observation

Groups of mice were treated with a single dose of hyperoside 10, 20 or 40 mg/kg i.p. or
vehicle i.p. and observed for 2 h with no interruption. After that, animals were observed 6
and 12 h after treating and everyday for 14 days. Death occurrence and signs such as
piloerection, palpebral ptoses, abdominal contortions, locomotion, hypothermia, muscular
tonus, shacking, posterior paws paralisation, salivation, bronchial secretion and convulsions

were considered. The body weight was also registered.

Locomotor activity

The Swiss CF1 mice were exposed to a 45 x 30 x 30 cm open field (black acrylic floor
divided into 24 equal quadrangles by white lines; transparent acrylic walls). Immediately
after the treatments (HYP 10, 20 or 40 mg/kg i.p., or vehicle i.p.), animals were left to
explore the open field freely for 20 min. The number of line crossings, rearings and

groomings were counted. The first 5 min were not considered (habituation period).

Pentobarbital sleeping time

Groups of male Swiss mice were treated with HYP 10, 20 or 40 mg/kg i.p., or vehicle i.p.
Thirty minutes after treating all groups received pentobarbital (40 mg/kg i.p.) and the time

elapsed between the loss and voluntary recovery of the righting reflex was recorded as
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sleeping time. A ceiling of 240 s was imposed in this measure, i.e. animals whose sleeping

time was over 240 min were counted as 240 min. Sleep latency was also recorded.

Hot plate test

Before actual testing on the hot plate, the mice were habituated to the nonfunctioning
apparatus for 1 min. Thirty minutes later, the animals were placed on the functioning hot
plate (Ugo Basile, Comerino, Italy) (55 £ 1°C) to determine baseline responsiveness. The
time elapsed until the animal lick one of its hind paws or jump was recorded (latency time,
in seconds = basal latency). Mice that presented baseline reaction of more than 20 s were
eliminated from the test. After the determination of the baseline responsiveness the animals
received HYP 10 or 20 mg/kg i.p, vehicle i.p. or morphine 4 mg/kg i.p (positive control).
Thirty minutes after treating they were placed again on the hot plate and the latency time
was measured. In the second session a maximum latency time of 40 s was imposed in order

to avoid tissue damage.

Writhing test

The animals were treated with HYP 20 or 40 mg/kg p.o., dipyrone 150 mg/kg p.o (positive
control) or vehicle p.o. 45 min before receiving an intraperitoneal acetic acid injection
(0.8%, 10 mL/kg) (Merck AG, Germany). Mice were then individually placed in glass
observation chambers and observed during 15 min in which the number of abdominal

writhes was counted. The percentage analgesic activity was calculated as follows:

N-N'x100 )

Percentage analgesic activity = ( N

N represents the average number of writhing of control group and N’ the average number of

stretching of test group.
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Forced swimming test

Rats and mice were submitted to forced swimming according to Porsolt’s procedure [32-
33] with minor modifications. The animal was judged to be immobile when it ceased
struggling and remained floating motionless in the water, making only those movements
necessary to keep its head above water. A decrease in the duration of immobility is

indicative of an antidepressant-like effect.

In rats. In this test an acrylic box with four sections of 30 x 30 x 40 cm was used. The
external walls and the cover were transparent, but the inside sections were dark allowing
the isolation of each one of the four quadrants. The rats were submitted to swimming for 15
min in water with temperature between 22+1 °C and height of 30 cm (Porsolt and co-
workers [33], employed 15 cm). The ambient temperature was approximately 22 °C. At the
end of the swimming exposition, the animals were removed from the water and gently
dried. The treatment was administered 5 min, 19 and 23 h after the first swimming
exposition; the first administration was carried out between 2:00 and 5:00 p.m.; the second,
between 9:00 and 12:00 a.m.; and the third, between 1:00 and 4:00 p.m. One hour after the
last injection (24 h after the first swimming session), the animals were submitted to a

second swimming exposition (5 min), and their immobility time was measured.

Different groups were treated with HYP 1.8 mg/kg/day, p.o. (three adminstration of
0.6mg/kg) according to Butterweck and co-workers [14], imipramine (positive control) 60
mg/kg/day p.o. (three adminstration of 20 mg/kg) or vehicle p.o. To assess the involvement
of the dopaminergic neurotransmission on the antidepressant-like effect of hyperoside in
the FST, rats were treated with sulpiride (50 mg/kg, i.p.) [17] 30 min before receiving the
last dose of HYP (0.6 mg/kg p.o.).

In mice. Mice were individually forced to swim in an open cylindrical container (diameter
10 cm, height 25 cm), containing 19 cm of water (depth) at 22+1 °C; the total duration of
immobility was recorded during 6-min period. Different groups of mice were treated with

HYP (10 or 20 mg/kg i.p.), imipramine (20 mg/kg i.p.), or vehicle i.p.
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Statistical Analysis

The statistical analysis was performed according to the data distribution. The data from
pentobarbital sleeping time and FST in rats were analyzed by Kruskall-Wallis, followed by
Dunn’s post hoc test. The results of the writhing and FST in mice were analyzed by one-
way ANOVA followed by Student-Newman-Keuls post hoc test, while statistical
comparison of hot plate data was performed by two-way repeated measures ANOVA
followed by Student-Newman-Keuls post hoc test. The analyses were performed using
Sigma Stat 2.03 software (Jandel Scientific Corporation). Differences were considered

statistically significant at p<0.05.

Results and discussion

In this study we have validated previous rather qualitative reports by Dall’ Agnol and co-
workers [1] that reported hyperoside (Fig 1) as one of main compounds from H.
caprifoliatum methanol extract. It constitutes 0.4% of the dried aerial parts. The identity
and purity of the chemical structure was confirmed by 'H and '*C-NMR experiments and

by comparing these spectroscopic data with those cited in the literature [35].

We have evaluated this flavonoid in several behavioral experiments in rats and mice at
different routes and doses since pharmacokinetic data were scarce and mainly from rats.
Chang and co-workers [31] showed that when administered at 6.0 mg/kg p.o. hyperoside
could not be detected in plasma of rats neither as unchanged form nor as its aglycone or
conjugated aglycone form. Observations from in vitro Caco-2 monolayer model and in situ
intestinal perfusion model indicated that hyperoside has quite limited permeability [36, 37].
Juergenliemk and co-workers [37] using three in vitro membrane barrier cell systems
(Caco-2 cell line, porcine cell cultures of brain capillary endothelial cells and epithelial
cells of the plexus chorioidei) demonstrated that the main metabolite of hyperoside,
miquelianin (Fig. 1), crossed all barriers being able to reach the CNS after oral

administration. In addition, many hyperoside pharmacological findings were obtained from
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in vitro assays, or topical application, that do not involve systemic metabolism and

absorption [24-27].

Hyperoside did not induce neither mice gross behavior changes nor weight loss (data not
shown) or deaths up to 40 mg/kg (i.p.) indicating that this compound does not present acute
toxicity. In the open field test hyperoside 20 and 40 mg/kg i.p. reduced significantly
crossing, rearing and grooming (Fig. 2); at 20 mg/kg i.p. it increased mice sleeping time
induced by pentobarbital but not the sleep latency (Fig. 3). Altogether these results suggest
that this compound present a CNS depressor effect.

Hyperoside is highlighted as one of the active compounds of St John’s Wort methanolic
crude extract, showing antidepressant-like effect in the Porsolt’s forced swimming test in
rats after acute and repeated treatments [14]. In the present study we have reproduced the
antidepressant-like effect previously demonstrated by Butterweck and co-workers [14] in
rats (1.8 mg/kg/day p.o.) (Fig. 4), and also showed the antidepressant-like effect in mice
(10 and 20 mg/kg i.p.) (Fig. 5). Interestingly, Butterweck and co-workers [14] also

observed a miquelianin (1.8 mg/kg/day p.o) antidepressant-like effect.

The anti-immobility effect of hyperoside was not related to a non-specific behavioural
stimulation, given that it reduced motor activity. This observation corroborate with the
hypothesis that the treatment with hyperoside could be antidepressant, since to be
considered as a potential antidepressant, a drug must reduce immobility in the FST at doses
that do not stimulate locomotion. This result is also in accordance with studies showing that
many antidepressants tend to decrease motor activity [31, 34] as well as to present sedative

effects [38].

Previous studies in search of the mode of action of hyperoside indicated that this flavonoid
down-regulated circulating plasma levels of adrenocorticotropic hormone (ACTH) and
corticosterone, which play an important role in the modulation of hypothalamic-pituitary-
adrenal (HPA) axis function, that is altered in patients with major depression [39] and

reduced beta2-adrenergic sensitivity in C6 cells, which was demonstrated by the reduction
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of intracellular cAMP concentration [40]. Denke and co-workers [41] reported that
hyperoside and other flavonoids from H. perforatum fairly inhibited dopamine-beta-
hydroxylase (DBH) which catalyzes conversion of dopamine into noradrenaline. This
observation is controversial since some reports indicate that the DBH activity is important
to the antidepressant effect. DBH blood levels were reduced in mice submitted to chronic
mild stress [42], and these alterations were normalized by imipramine treatment. Mice that
are unable to synthesize norepinephrine and epinephrine due to targeted disruption of the

DBH gene did not respond to several antidepressants in the forced swimming test [43].

In this study we showed that the hyperoside antidepressant-like effect was prevented by
sulpiride (50 mg/kg i.p.), while sulpiride itself did not affect the immobility time (Fig. 4).
This result indicates that the activation of D2-like receptors accounts for the anti-
immobility effect of hyperoside. To our knowledge this is the first evidence that the
treatment with hyperoside acts on dopaminergic neurotransmission. Viana and co-workers
[17] showed that the antidepressant-like effect of an H. caprifoliatum extract enriched in
phloroglucinol derivatives on FST results from an inhibition of neuronal monoamine
uptake, mainly dopamine. Dopamine agonists are known to be effective in the FST [44]
The chronic treatment with antidepressants increases D2 receptors functioning [45] and
some drugs used to treat human depression act through the dopaminergic system [46].
Altogether these data stress the potential antidepressant effect of H. caprifoliatum as well as

point to hyperoside as a new chemical feature with dopaminergic properties.

Hyperoside did not display antinociceptive effect neither on the hot plate (10 and 20 mg/kg
i.p.) (Fig. 6) nor in the acetic acid-induced writhing test (20 and 40 mg/kg p.o.) (Table 1).
These results are in disagreement with Rylski and co-workers [23] that reported
antinociceptive properties of hyperoside at lower doses (3.5 — 10 mg/kg) in the hot plate
test. These conflicting results could be explained by biological and/or inter-laboratory
variability or by a bell shaped dose-response curve. By any means the antinociceptive effect

of hyperoside seems to be not robust enough to be reproducible.
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In summary, the treatment with hyperoside produces in rats and in mice an antidepressant-
like effect in FST, a model predictive of antidepressant properties. This effect seems to
depend on the D2-like receptor activation. These results strongly suggest that hyperoside
has an important contribution to the previously reported antidepressant-like activity of H.
caprifoliatum [15], along with the phloroglucinol derivatives [17]. Therefore it is in
agreement with the conception that the antidepressant effect of H. perforatum is due to a
variety of constituents rather then to a single compound. Besides, this study indicated that
the contribution of hyperoside to the Hypericum antinociceptive activity is uncertain. Other
constituents such as benzopyrans, previously reported by our group [22], seem to be more

relevant to this effect.

Acknowledgements
The authors are grateful to the Brazilian agencies CAPES, CNPq and FAPERGS for

financial support.

References

1. Dall’Agnol R, Ferraz A, Bernardi AP, Albring D, Nor C, Sarmento L, Lamb L, Hass M,
von Poser G, Schapoval EES. Antimicrobial activity of some Hypericum species.
Phytomedicine 2003; 10: 511-516.

2. Kasper S, Anghelescu IG, Szegedi A, Dienel A, Kieser M. Superior efficacy of St John's
wort extract WS® 5570 compared to placebo in patients with major depression: a
randomized, double-blind, placebo-controlled, multi-center trial [[SRCTN77277298]. BMC
Med 2006; 4: 4-26.

3. Kasper S, Gastpar M, Miiller WE, Volz HP, Dienel A, Kieser M, Moller HJ. Efficacy of
St. John’s wort extract WS® 5570 in acute treatment of mild depression. A reanalysis of

data from controlled clinical trials. Eur Arch Psychiatry Clin Neurosci 2008; 258: 59-63.

4. Linde K, Kniippel L. Large-scale observational studies of Hypericum extracts in patients
with depressive disorders-a systematic review. Phytomedicine 2005; 12: 148-157.

39



5. Linde K, Berner MM, Kriston L. St John's wort for major depression. Cochrane Database
Syst Rev 2008; 8: CD000448.

6. Rahimi R, Nikfar S, Abdollahi M. Efficacy and tolerability of Hypericum perforatum in
major depressive disorder in comparison with selective serotonin reuptake inhibitors: a
meta-analysis. Psychopharmacol Biol Psychiatry 2009; 33: 118-127.

7. Butterweck V, Schmidt M. St. John’s wort: Role of active compounds for its mechanism
of action and efficacy. Wien Med Wochenschr 2007; 157: 356-361.

8. Sarris J, Kavanagh DJ. Kava and St. John’s Wort: Current evidence for use in mood and
anxiety disorders. J Altern Complement Med 2009; 15: 827-836.

9. Butterweck V, Petereit F, Winterhoff H, Nahrstedt A. Solubilized hypericin and
pseudohypericin from Hypericum perforatum exert antidepressant activity in the forced
swimming test. Planta Med 1998; 64: 291-294.

10. Butterweck V, Korte B, Winterhoff H. Pharmacological and endocrine effects of
Hypericum perforatum and hypericin after repeated treatment. Pharmacopsychiatry 2001;
34: S2-S7.

11. Butterweck V, Christoffel V, Nahrstedt A, Petereit F, Spengler B, Winterhoff H. Step by
step removal of hyperforin and hypericin: activity profile of different Hypericum
preparations in behavioral models. Life Sci 2003; 20: 627-639.

12. Zanoli P. Role of hyperforin in the pharmacological activities of St. John's Wort. CNS
Drug Rev 2004; 10: 203-218.

13. Beerhues L. Hyperforin. Phytochemistry 2006; 67: 2201-2207.

14. Butterweck V, Jiirgenliemk G, Nahrstedt A, Winterhoff H. Flavonoids from Hypericum

perforatum show antidepressant activity in the forced swimming test. Planta Med 2000; 66:
3-6.

15. Daudt R, von Poser GL, Neves G, Rates SMK. Screening for the antidepressant activity
of some species of Hypericum from South Brazil. Phytotherapy Res 2000; 15: 344-346.

16. Gnerre C, von Poser GL, Ferraz A, Viana AF, Testa B, Rates SMK. Monoamine
oxidase inhibitory activity of some Hypericum species native to South Brazil. J Pharm
Pharmacol 2001; 53: 1273-1279.

17. Viana AF, Rego JC, von Poser G, Ferraz A, Heckler AP, Costentin J, Rates SMK. The
antidepressant like effect of Hypericum caprifoliatum Cham & Schlecht (Guttiferae) on

forced swimming test results from an inhibition of neuronal monoamine uptake.
Neuropharmacology 2005; 49: 1042-1052.

40



18. Viana AF, do Rego JC, Munari L, Dourmap N, Heckler AP, Costa TD, von Poser GL,
Costentin J, Rates SMK. Hypericum caprifoliatum (Guttiferae) Cham. & Schltdl.: a species
native to South Brazil with antidepressant-like activity. Fundam Clin Pharmacol 2006; 20:
507-514.

19. Viana AF, Heckler AP, Fenner R, Rates SMK. Antinociceptive activity of Hypericum
caprifoliatum and Hypericum polyanthemum (Guttiferae). Braz J Med Biol Res 2003; 36:
631-634.

20. Nor C, Albring D, Ferraz ABF, Schripsema J, Pires V, Sonnet P, Guillaume D, von
Poser GL. Phloroglucinol derivatives from four Hypericum species belonging to the
Trigynobrathys section. Biochem Syst Ecol 2004; 32: 517-519.

21. Nor C, Bernardi APM, Haas JS, Schripsema J, Rech SB, von Poser GL. Phenolic
constituents of Hypericum flowers. Nat Prod Commun 2008; 3: 237-240.

22. Haas JS, Viana AF, Heckler APM, von Poser GL, Rates SMK. The antinociceptive
effect of a benzopyran (HP1) isolated from Hypericum polyanthemum in mice hot-plate test
is blocked by naloxone. Planta Med, advance online publication 17 February 2010; doi:
10.1055/5-0029-1240942.

23. Rylski M, Duriasz-Rowinka H, Rewerski W. The analgesic action of some flavonoids in
the hot plate test. Acta Physiol Pol 1979; 30: 385-388.

24. Sosa S, Pace R, Bornancin A, Morazzoni P, Riva A, Tubaro A, Della Loggia R. Topical
anti-inflammatory activity of extracts and compounds from Hypericum perforatum L. J
Pharm Pharmacol 2007; 59: 703-709.

25. Hammer KDP, Hillwig ML, Solco AKS, Dixon PM, Delate K, Murphy PA, Wurtele ES,
Birt DF. Inhibition of prostaglandin E2 production by anti-inflammatory Hypericum
perforatum extracts and constituents in RAW264.7 mouse macrophage cells. J Agric Food
Chem 2007; 55: 7323-7331.

26. Lee S, Jung SH, Lee YS, Yamada M, Kim BK, Ohuchi K, Shin KH. Antiinflammatory
activity of hyperin from Acanthopanax chiisanensis roots. Arch Pharm Res 2004; 27: 628-
632.

27. Lee S, Park HS, Notsu Y, Ban HS, Kim YP, Ishihara K, Hirasawa N, Jung SH, Lee YS,
Lim SS, Park EH, Shin KH, Seyama T, Hong J, Ohuchi K. Effects of hyperin, isoquercitrin
and quercetin on lipopolysaccharide-induced nitrite production in rat peritoneal
macrophages. Phytother Res 2008; 22: 1552-1556.

28. Erdemoglu N, Akkol EK, Yesiladab E, Calis 1. Bioassay-guided isolation of anti-

inflammatory and antinociceptive principles from a folk remedy, Rhododendron ponticum
L. leaves. J Ethnopharmacol 2008; 119: 172-178.

41



29. Brasil. Congresso Nacional. Lei n. 11794. Regulamenta o inciso VII do § 1° do artigo
225 da Constitui¢ao Federal, estabelecendo procedimentos para o uso cientifico de animais.
Revoga a lei n° 6638, de 8 de maio de 1979 e d4 outras providéncias. D.O.U., Brasilia, 8 de
outubro de 2008.

30. Bankowski Z. CIOMS. Council for International Organization of Medical Sciences
International guiding principles for biomedical research involving animals. 1985. Avaiable
at http://www.cioms.ch/frame_1985_texts_of_guidelines.htm. Accessed September 30.
2009.

31. Chang Q, Zuo Z, Chow MS, Ho WK. Difference in absorption of the two structurally
similar flavonoid glycosides, hyperoside and isoquercitrin, in rats. Eur J Pharm Biopharm
2005; 59: 549-555.

32. Porsolt RD, Bertin A, Jalfre M. Behavioral despair in mice: a primary screening test for
antidepressants. Arch Int Pharmacodyn Ther 1977; 229: 327-336.

33. Porsolt RD, Le Pichon M, Jalfre M. Depression: a new animal model sensitive to
antidepressant treatments. Nature 1978; 266: 730-732.

34. Porsolt RD, Anton G, Blavet N, Jalfre M. Behavioural despair in rats: A new model
sensitive to antidepressant treatments. Eur J Pharmacol 1978; 47: 379-391.

35. Zhou T, Chen B, Fan G, Chai Y, Wu Y. Application of high-speed counter-current
chromatography coupled with high-performance liquid chromatography-diode array
detection for the preparative isolation and purification of hyperoside from Hypericum
perforatum with online purity monitoring. J Chromatogr A 2006; 1116: 97-101.

36. Zuo Z, Zhang L, Zhou L, Chang Q, Chow M. Intestinal absorption of hawthorn
flavonoids-in vitro, in situ and in vivo correlations. Life Sci 2006; 79: 2455-2462.

37. Juergenliemk G, Boje K, Huewel S, Lohmann C, Galla HJ, Nahrstedt A. In vitro
studies indicate that miquelianin (quercetin 3-O-beta-D-glucuronopyranoside) is able to
reach the CNS from the small intestine. Planta Med 2003; 69: 1013-1017.

38. Mayers AG, Baldwin DA. Antidepressants and their effect on sleep. Hum
Psychopharmacol 2005; 20: 533-559.

39. Butterweck V, Hegger M, Winterhoff H. Flavonoids of St. John's Wort reduce HPA axis
function in the rat. Planta Med 2004; 70: 1008-1011.

40. Prenner L, Sieben A, Zeller K, Weiser D, Hdiberlein H. Reduction of high-affinity 2-
adrenergic receptor binding by hyperforin and hyperoside on rat C6 glioblastoma cells

measured by fluorescence correlation spectroscopy. Biochemistry 2007; 46: 5106-5113.

41. Denke A, Schempp H, Weiser D, Elstner EF. Biochemical activities of extracts from
Hypericum perforatum L. 5th communication: dopamine-beta-hydroxylase-product

42



quantification by HPLC and inhibition by hypericins and flavonoids.
Arzneimittelforschung 2000; 50: 415-419.

42. Grabowska M, Schlegel-Zawadzka M, Papp M, Nowak G. Effect of imipramine
treatment on plasma dopamine beta-hydroxylase activity in chronic mild stress in rats. Pol J
Pharmacol 2004; 56: 825-829.

43. Cryan JF, Dalvi A, Jin SH, Hirsch BR, Lucki I, Thomas SA. Use of dopamine-beta-
hydroxylase-deficient mice to determine the role of norepinephrine in the mechanism of
action of antidepressant drugs. J Pharmacol Exp Ther 2001; 298: 651-657.

44. Duterte-Boucher D, Leclere JF, Panissaud C, Costentin J. Acute effects of direct

dopamine agonists in the mouse behavioral despair test. Eur J Pharmacol 1988; 154: 185-
190.

45. D’Aquila PS, Collu M, Pani L, Gessa GL, Serra G. Antidepressant-like effect of
selective dopamine D1 receptor agonist in the behavioral despair animal model of

depression. Eur J Pharmacol 1994; 262: 107-111.

46. Stahl SM. Essential Psychopharmacology - Neuroscientific Basis and Practical
Applications, 2nd edition. New York: Cambridge University Press; 2000: 241-243.

43



Figure Legends

Figure 1: Chemical structure of hyperoside and miquelianin

Figure 2: Effect of hyperoside (10, 20 and 40 mg/kg i.p.) on locomotor activity. Data are
presented as mean = SEM (n = 6 - 8 mice/group). Significantly different values were
detected by one-way ANOVA, crossings F3p7 = 8.92 ““p<0.001, rearings Fs3y7 = 4.70
*¥*%p<0.001, groomings F3y7 = 9.73 ###p<0.001, followed by Dunn’s post hoc test:

compared to vehicle.

Figure 3: Effect of hyperoside (10, 20 and 40 mg/kg i.p.) and diazepam (1 mg/kg i.p.) on
the potentiation of sodium pentobarbital sleeping latency (a) and duration (b). Data are
presented as medians (interquartile intervals) (n = 7 - 8 mice/group). Significantly different
values were detected by Kruskal-Wallis, (a) H = 11.78 (b) H = 16.81, followed by Dunn’s

post-hoc test: * p<0.05, compared to vehicle.

Figure 4: Effect of hyperoside 1.8 mg/kg/day p.o. on the forced swimming test in rats.
Data are presented as median + 25% (n = 8 - 12 mice/group). Significantly different values
were detected by Kruskal-Wallis H = 29.85, followed by Dunn’s post-hoc test: *p<0.05,

between groups.

Figure 5: Effect of hyperoside 10 and 20 mg/kg i.p. on the forced swimming test in mice.
Data are presented as mean = SEM (n = 8 mice/group). Significantly different values were
detected by one-way ANOVA F33; = 14.92, followed by Student-Newman-Keuls post-hoc
test: ***p<0.001.

Figure 6: Effect of hyperoside (10 and 20 mg/kg i.p.) on the hot plate test. Data are
presented as mean £ SEM (n = 6 — 8 mice/group). Significantly different values were
detected by two-way repeated measures ANOVA followed by Student-Newman-Keuls

post-hoc test: treatment factor Fsso = 15.21; latency factor F)so = 58.20; latency vs
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treatment factor Fsso = 37.75. ***p<0.001 significant difference from vehicle (second

latency); ###p<0.001 significant difference from respective basal latency.
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Tables

Table 1: Effect of hyperoside (20 and 40 mg/kg, p.o.) on the writhing induced by

acetic acid 0.8% in mice:

Test samples Dose (p.o.) Number of Inhibitory ratio
writhings + S.E.M. compared to
control (%)
Vehicle 10 mL/kg 28.0+4.9 -
Dipyrone 150 mg/kg 97+25 - 65
Hyperoside 20 mg/kg 164 +34 41
Hyperoside 40 mg/kg 204 +4.2 27

Effect of hyperoside (20 and 40 mg/kg p.o) on the writhing test. Data are presented
in mean + SEM (n = 13 mice/group). Significantly different values were detected by
one-way ANOVA F35; = 3.91 followed by Student—-Newman—Keuls post hoc test:
*#%¥p<0.001.
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3.3. MANUSCRITO Iil:

“The antinociceptive effect of a benzopyran (HP1) isolated from
Hypericum polyanthemum in mice hot-plate test is blocked by

naloxone”

Aceito para publicacdo no periddico Planta Medica. DOI: 10.1055/s-
0029-1240942.
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O presente trabalho apresenta a avaliagdo da atividade analgésica dos
benzopiranos isobutiril-5,7-dimetoxi-2,2-dimetil-benzopirano  (HP1), 7-hidroxi-6-
isobutiril-5-metéxi-2,2-dimetil-benzopirano (HP2) e 5-hidroxi-6-isobutiril-7-metoxi-
2,2-dimetil-benzopirano (HP3) isolados de Hypericum polyanthemum. Os
compostos foram testados isoladamente no modelo da placa quente e no teste de
contorgdes induzidas por acido acético. O extrato ciclo-hexano da planta também
foi testado em diferentes doses. O envolvimento do sistema opidide na atividade
dos compostos e do extrato foram verificados.

O extrato ciclo-hexano mostrou atividade do tipo dose-efeito. Dentre os
compostos isolados, o benzopirano HP1 mostrou efeito antinociceptivo nos testes
da placa quente, prevenido pela administracdo de naloxona, e de contorgdes
induzidas por acido acético. A observacdo do desempenho dos animais no rota-
rod mostrou que a administracdo de HP1 e do extrato ciclo-hexanico ndo causam

prejuizo motor.
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Abstract

Several species of the genus Hypericum (Guttiferae) have been used for analgesic
purposing over the world and some of them have demonstrated to possess this effect in
rodents. This study describes the antinociceptive effect of the cyclohexane extract from
aerial parts of H. polyanthemum (POL) as well as of benzopyrans, 6-isobutyryl-5,7-
dimethoxy-2,2-dimethyl-benzopyran ~ (HP1), = 7-hydroxy-6-isobutyryl-5-methoxy-2,2-
dimethyl-benzopyran ~ (HP2) and  5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-
benzopyran (HP3) which are the main components of POL. The antinociceptive effect was
evaluated through hot plate and writhing tests in mice. The opioid system involvement was
assessed by using naloxone (2.5 mg/kg, s.c.) antagonism on the hot plate test. POL (45, 90,
180 mg/kg p.o) showed a dose-dependent effect in the hot plate. Out of the benzopyrans
only HP1 (30, 60, 90 mg/kg, i.p.) was active in the hot plate test. This effect was dose-
dependent, with the maximal effect reached at 60 mg/kg. HP1 60 mg/kg (p.o.) also
inhibited acetic acid-induced writhing in 58%. The pre-treatment with naloxone abolished
the antinociceptive effect of HP1 60 mg/kg (i.p) in the hot plate. Furthermore, the H.
polyanthemum cyclohexane extract and HP1 did not affect the mice performance in the
rota-rod apparatus suggesting that at antinociceptive doses they do not present gross
neurotoxicity neither induce motor impairment. From these data it is reasonable to assume
that the benzopyran HP1 accounts for the H. polyanthemum cyclohexane extract
antinociceptive effect, and this effect is at least in part mediated by an opioid-like

mechanism.

Key words: Hypericum polyanthemum, Guttiferae, benzopyrans, antinociceptive effect
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Abbreviations

HP1 - 6-Isobutyryl-5,7-dimethoxy-2,2-dimethyl-benzopyran

HP2 - 7- Hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-benzopyran
HP3 - 5-Hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-benzopyran
POL - Cyclohexane extract from H. polyanthemum

POL 45 - Cyclohexane extract from H. polyanthemum 45 mg/kg p.o.
POL 90 - Cyclohexane extract from H. polyanthemum 90 mg/kg p.o.
POL 180 - Cyclohexane extract from H. polyanthemum 180 mg/kg p.o.
S.E.M. - Standard Error of the Mean

THC - delta-9-tetrahydrocannabinol

Introduction

Different species of the genus Hypericum (Guttiferae) have been used for the analgesic
purpose all over the world and some of them have demonstrated to possess this effect in
pre-clinical studies. Hypericum perforatum, H. reflexum, H. brasiliense, H. canariense and
H. glandulosum are examples [1-3]. Among Brazilian species, H. brasiliensis and H.
connatum are popularly used for relieving disorders such as angina, cramps and oral-
pharyngeal inflammations [4] which could be associated with potential analgesic and anti-
inflammatory properties of the genus Hypericum. In fact, H. caprifoliatum and H.
polyanthemum, species native to South Brazil, exhibited antinociceptive activity in rodents

[5].

The cyclohexane extract of H. polyanthemum (180 mg/kg, i.p. and p.o.) displayed
antinociceptive effect in the hot-plate and writhing tests that seems to be, at least in part,
mediated by the opioid system [5]. From this extract three benzopyrans, 6-isobutyryl-5,7-
dimethoxy-2,2-dimethyl-benzopyran ~ (HP1), = 7-hydroxy-6-isobutyryl-5-methoxy-2,2-
dimethyl-benzopyran ~ (HP2) and  5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-

benzopyran (HP3) (Figure 1) were obtained [6]. These compounds showed bioactivities
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such as monoamine oxidase inhibition (MAOI) [7], antibacterial [8] and potent growth
inhibitory activity in several cell lines (human colon carcinoma cells, non-small cell lung
carcinoma, and human malignant glioma cells), and also induced alterations in cell cycle
distribution in non-small cell lung carcinoma [9]. Recently it was demonstrated that HP1,

HP2 and HP3 present a low propensity to induce genotoxicity [10-11].

In this study we have carried out the evaluation of antinociceptive effect of HP1, HP2 and
HP3 which are the main compounds found in H. polyanthemum. The antinociceptive effect
was evaluated by hot plate and writhing testing in mice. The opioid system participation in

the antinociceptive effect was assessed by using naloxone antagonism on the hot plate test.

Materials and Methods

Plant material

Aerial parts of H. polyanthemum Klotzsch ex Reichardt were collected in the state of Rio
Grande do Sul (Brazil) in October 2005. Plant was identified by Dr. Sérgio Bordignon
(ULBRA-RS-BRASIL) and the voucher was deposited in the herbarium of the
Universidade Federal do Rio Grande do Sul (ICN) (H. polyanthemum, Bordignon et al.
1429).

Extraction and Isolation procedures

Air dried and powdered plant material (aerial parts, 80 g) was extracted by maceration in
cyclohexane (3 x 24h at 20°C). The extract (1.8 g) was evaporated to dryness under
reduced pressure and submitted to silica gel column chromatography GFs, (Merck®), (50 X
3 cm) using cyclohexane-dichloromethane gradient system as the mobile phase. The
benzopyrans HP1, HP2 and HP3 were purified by preparative TLC performed on
20cmx20cm glass-supported plates covered with 0.5 mm layers of silica gel GFys4
(Merck®) yielding 200 mg of HP1, 100 mg of HP2 and 150 mg of HP3. The
chromatographic eluent used were as follow: cyclohexane:CH,Cl, (1:1) for HP1, (3:2) for
HP2 and (4:1) for HP3. Bands were detected using UV light (254 nm) and the compounds
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were identified by '"H RMN and "°C RMN. The spectral data are described elsewhere [6].
The benzopyrans’ purity and yield were also determined by HPLC [12].

Pharmacological Study

Animals

Male CF1 mice (25 — 30 g) from breeding colony of Fundagdo Estadual de Pesquisa e
Ensino em Satde (FEPPS, RS, Brazil) were used. The animals were housed in plastic
cages, 5 to cage, under a 12h light/dark cycle (lights on at 7:00 h) at constant temperature
(23 = 1°C) with free access to standard certified rodent diet and tap water. All protocols
were approved by a Local Research Ethical Committee (UFRGS) (N°2008008) and are in
compliance with Brazilian law [13] and CIOMS (Council for International Organization of
Medical Sciences International) guiding principles for biomedical research involving

animals [14].

Drugs and treatments

The following drugs were used: naloxone, morphine (Cristdlia, Brazil), dypirone (Sanofi-
Aventis, Brazil), codeine (Janssen-Cilag, Brazil) and haloperidol (Galena, Brazil). In all
experiments, POL and benzopyrans were dissolved in saline with 2.5% polysorbate 80 and
the negative control group received 10 mL/kg of vehicle (saline with 2.5% polysorbate 80).
The other drugs were dissolved in saline (NaCl 0.9%) solution immediately before using.

All administered drugs presented pharmaceutical grade of purity (> 97%).

Hot-plate test

Before actual testing on the hot plate, the mice were habituated to the nonfunctioning
apparatus for 1 min. Thirty minutes later, the animals were placed on the functioning hot
plate (Ugo Basile, Comerino, Italy) (53 £ 1°C) to determine baseline responsiveness. The
time elapsed until the animal lick one of its hind paws or jump was recorded (latency time,
in seconds). Mice that presented baseline reaction of more than 15 s were eliminated from

the test. After the baseline responsiveness determination the animals received the different
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treatments. Thirty minutes later they were placed again in the hot plate and the latency time
was measured. In the second session, a maximum latency time of 30 s was imposed in order

to avoid tissue damage.

The study was carried out through four experiments. First, we evaluated the effect of the
H. polyanthemum cyclohexane extract (POL) 45, 90 and 180 mg/kg p.o. Second, the single
administration of HP1, HP2 and HP3 (30 mg/kg, i.p.) was tested. Afterward we determined
a dose-response profile of HP1 (30, 60, 90 mg/kg, i.p.). Finally we investigated the
influence of naloxone (2.5 mg/kg, s.c) on the antinociceptive effect of HP1 (60 mg/kg, i.p.).
The naloxone was administered immediately after evaluating baseline responsiveness, 10

min before the HP1 administration. Morphine (6mg/kg, s.c.) was used as positive control.

Acetic Acid-Induced Writhing Test

Different groups of mice received HP1 60 mg/kg, p.o., vehicle p.o. or dypirone (150 mg/kg,
p.o.) 45 min before an intraperitoneal injection of acetic acid (Merck AG, Germany) (0.8
%, 10 mL/kg). Then mice were observed for 15 min in individual glass observation
chambers, and the number of writhing motions was counted. The percentage analgesic

activity was calculated as follows:

N-N'x100 )

Percentage of analgesic activity = ( N

N represents the average number of writhing of control group and N’ the average number of

stretching of test group.

Motor coordination test

The procedure was adapted from Dunham & Miya [15]. Briefly, the apparatus consisted of
a cylinder of 3 cm of diameter rotating at 5 rpm. One day before testing the animals were
trained once during five minutes. On the test day the mice that were able to stay 90 seconds

balanced on the rotating rod were selected for testing. The selected mice received POL 180

62



mg/kg, i.p., HP1 (60 mg/kg, i.p.), codeine (30 mg/kg, i.p.), haloperidol (4 mg/kg, i.p.), or
vehicle (i.p.). Mice performance was measured before and 45 minutes after the drug
administration. The integrity of motor coordination was assessed on the basis of the longest

time of permanence and the number of falls in a 5 min period.

Statistical Analysis

The data from hot plate and rota-rod performance were analyzed by the paired Student z-
test, considering the animal as its own control: second (after) latency vs first (basal)
latency; TO vs T45. Writhing results were analyzed by ANOVA one way followed by
Student-Newman-Keuls test. All results were expressed in mean £ S.E.M. The analyses
were performed using Sigma Stat 2.03 software (Jandel Scientific Corporation).

Differences were considered statistically significant at p<0.05.

Results and discussion

The H. polyanthemum cyclohexane extract showed a dose dependent antinociceptive effect,
and the maximal effect was reached at 90 mg/kg (Figure 2). These results are in agreement
with those previously reported by Viana et al. [5]. From all benzopyrans (30 mg/kg, i.p.)
only HP1 presented antinociceptive effect in the hot plate test (Figure 3). This effect was
dose-dependent, with significant increase in the latency to avoid the nociceptive stimulus at
30 and 60 mg/kg (i.p.) but no significant effect at 90 mg/kg, indicating the possibility of a
bell-shape dose-effect curve (Figure 4). HP1 60 mg/kg (p.o.) also inhibited acetic acid
induced writhing in 58% (Table 1). Abdominal writhing induced by acetic acid represents a
peripheral nociception model and is frequently used for new antinociceptive compounds
screening, but it is not a specific model. Several drugs such as opioid analgesics,
adrenergic blockers, antihistamines, muscle relaxants, monoamine oxidase inhibitors and
neuroleptics inhibit acetic acid induced writhing whereas hot plate test presents selectivity
for drugs that affect supraspinally integrated responses as opioid-derived analgesics [16].
The pre-treatment with naloxone abolished the antinociceptive effect of HP1 60 mg/kg (i.p)
in the hot plate (Figure 5), indicating that this effect is mediated by the opioid system.
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Furthermore, the H. polyanthemum cyclohexane extract and HP1 did not affect the mice
performance in the rota-rod apparatus suggesting that at antinociceptive doses they do not
present gross neurotoxicity neither induce motor impairment [17] (Figure 6). From these
data it is reasonable to assume that the benzopyran HP1 accounts for the opioid-like
antinociceptive effect previously reported for H. polyanthemum cyclohexane extract. An
accurate measurement of the contribution of HP1 to the analgesic effect of POL should be
adressed by further studies. Other experiments performed by our group have demonstrated
that phloroglucinol derivatives are also implicated in the POL antinociceptive effect, but

their effect is not mediated by opioid system [18].

The benzopyran skeleton formed by the cyclization of a prenyl unit with an adjacent
phenolic hydroxyl group cover a wide range of potential pharmacologically active
compounds. Several molecules presenting this nucleus, either natural or synthetic, have
shown important pharmacological activities: tonabersat (SB-220453), a benzopyran with
anticonvulsant properties, attenuates trigeminal nerve-induced neurovascular reflexes [19];
compounds with 7-hydroxy-2H-1-benzopyran-2-one moiety, 2,3-diaryl benzopyrans and
hallogenated benzopyran derivatives present anti-inflammatory and antipyretic activity
through cyclooxygenases inhibition [20-22]; and cannabinoids such as delta-9-
tetrahydrocannabinol (THC). Cannabinoids enhances the potency of opioids such as
morphine in animal models [23]. The analgesic effect of THC is, at least in part, mediated
through delta and kappa opioid receptors, indicating an intimate connection between
cannabinoid and opioid signaling pathways in the modulation of pain perception (for
reviewing see Cichewicz [23]). In addition THC releases endogenous opioids and

endocannabinoids, such as anandamide, and also alters endogenous opioid tone [24].

In genus Hypericum the benzopyran skeleton can appear as monomeric benzopyrans, as
benzophenones, as xanthones, as dimeric phloroglucinol derivatives, among others.
Several studies have reported that the opioid system could be involved in the antidepressant
effect of the phloroglucinol hyperforin and H. perforatum extracts through interaction with
sigma 1 receptor [25]. Chen et al. have shown that H. perforatum produces a significant

and region-specific change in p-opioid receptors in a number of rodent mesolimbic regions
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[26]. Perfumi et al. have shown that a H. perforatum CO, supercritical extract and low
doses of opiate receptor antagonists, naloxone and naltrexone, act synergistically to induce

a pronounced and selective reduction of voluntary ethanol consumption in msP rats [27].

In conclusion, the results obtained in this work provide evidences that the benzopyran
skeleton deserves further studies aiming to identify new analgesic scaffold as well as strong
point to the importance of plants from the genus Hypericum in providing natural

compounds with relevant activities on the central nervous system.
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Figure Legends

Figure 1: Benzopyrans from H. polyanthemum.

Figure 2: Effect of H. polyanthemum cyclohexane extract (45, 90 and 180 mg/kg, p.o.) and
morphine (6 mg/kg, s.c.) on the hot-plate test. Basal: latency before the treatment. After:
latency after treatment. Data are presented in mean = S.E.M. (n = 8 - 10 mice/group).
Significantly different values were detected by paired Student ¢ test: *p<0.05; ***p<0.001

compared to their respective basal latency.

Figure 3: Effect of benzopyrans (HP1, HP2, HP3, 30 mg/kg, i.p.) from Hypericum
polyanthemum and morphine (6 mg/kg, s.c.) on the hot-plate test. Basal: latency before the
treatment. After: latency after treatment. Data are presented in mean £ S EM. (n =8 - 10
mice/group). Significantly different values were detected by paired Student ¢ test:

**p<0.01; ***p<0.001 compared to their respective basal latency.

Figure 4: Dose-effect response of the benzopyran HP1 (30, 60 and 90 mg/kg, i.p.) and
morphine (6 mg/kg, s.c.) on the hot-plate test. Basal: latency before the treatment. After:
latency after treatment. Data are presented in mean = S.E.M. (n = 8 - 10 mice/group).
Significantly different values were detected by paired Student 7 test: **p<0.01; ***p<0.001

compared to their respective basal latency.

Figure 5: Effect of naloxone (2.5 mg/kg, s.c.) on the antinociceptive effect of the
benzopyran HP1 (60 mg/kg, i.p.) and morphine (6 mg/kg, s.c.) on the hot-plate test. Basal:
latency before the treatment. After: latency after treatment. Data are presented in mean *
S.EM. (n = 8 - 10 mice/group). Significantly different values were detected by paired

Student ¢ test: **p<0.01; ***p<0.001 compared to their respective basal latency.
Figure 6: Effect of the cyclohexane extract of H. polyanthemum (180 mg/kg, i.p.) and the
benzopyran HP1 (60 mg/kg, i.p.) on the rotarod apparatus: (A) Permanence time; (B)

Number of falls. Data are presented in mean = S.EEM. (n = 10 - 16 mice/group).
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Significantly different values were detected by paired Student ¢ test: ***p<0.001 compared

to their respective TO.
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Tables

Table 1: Effect of HP1 (60 mg/kg p.o.) on writhing induced by 0.8% acetic acid (10
mL/kg, i.p.) in mice.

Test samples Dose (mg/kg) Number of Inhibitory ratio
writhings + S.E.M. compared to
control (%)
Control 10 mL/kg 56.0 + 2.7 -
Dipyrone 150 44+14" 92
HP1 60 235+82" 58

Data are presented in mean + S.EIM. (n = 9 - 19 mice/group). Significantly
different values were detected by ANOVA one way followed by post hoc
Dunnett’s Method: ***p<0.001, as compared to their control group. F; 44=65.3.
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Figures

HP1 RI=Me R2=Me
HP2 RI=Me R2=H
HP3 RI1=H R2=Me

Figure 1
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3.4. MANUSCRITO IV:

“Acaricidal activity of benzopyrans from  Hypericum
polyanthemum on Rhipicephalus (Bophilus) microplus”

Em preparacao para o peridodico Veterinary Parasitology
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Em trabalhos anteriores, extratos de Hypericum polyanthemum e Calea
serrata (Asteraceae) mostraram importantes propriedades acaricidas frente as
espécies de carrapato Rhipicephalus (Boophilus) microplus e Rhipicephalus
sanguineus. A fracdo lipofilica de ambas as espécies vegetais é rica em
benzopiranos (também referidos como cromenos), compostos com reconhecida

atividade inseticida.

No manuscrito apresentado, os benzopiranos de H. polyanthemum foram
isolados e testados separadamente frente a larvas de Rhipicephalus (Boophilus)

microplus em diferentes concentragdes.
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Abstract

Laboratory tests were carried out on larvae of the cattle tick Rhipicephalus (Bophilus)
microplus to determine the toxicity of 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 the n-hexane extract of Hypericum polyanthemum (Guttiferae) using the larval
immersion test (LIT). The compounds demonstrated to be highly toxic to the larvae, being

HP1 slightly more active.

Keywords:  Rhipicephalus  (Boophilus)  microplus;,  Hypericum  polyanthemum,

Benzopyrans; Chromenes; Precocenes

1. Introduction

Preliminary studies have showed that extracts from Calea serrata (Asteraceae) and
Hypericum polyanthemum (Guttiferae), both species native to South Brazil, have acaricidal
activity, being highly toxic to larvae and engorged females of the cattle tick Rhipicephalus
(Bophilus) microplus (Ribeiro et al., 2007; Ribeiro et al., 2008). The lipophilic fractions of
both plants, which were the most active, present benzopyrans as major components. From
C. serrata, eupatoriochromene and preconene II were obtained (Steinbeck et al., 1997),
while H. polyanthemum afforded the compounds 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) (Figure 1)
(Ferraz et al., 2001).

The insecticidal activity of some benzopyrans is well documented. Precocene I (7-methoxy-
2,2-dimethylbenzopyran) and the 6,7-dimethoxy derivative (precocene II) as well as
encecalin and demethylencecalin have been reported to have antijuvenile hormonal activity.

These compounds are highly selective chemical substances that attack specific aspects of
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the endocrine systemand affect development and reproduction of the insect (Bowers et al.,

1976; Pamo et al., 2004).

The structural similarity between the insecticidal benzopyrans and the compounds isolated
from H. polyanthemum suggested that the benzopyrans could have insecticidal or acaricidal
activity. Thus, the aim of this work was to isolate and to investigate the activity of the
benzopyrans HP1, HP2 and HP3 on the cattle tick R. (B.) microplus in order to corroborate

with the above statement.

2. Materials and methods

2.1. Plant material

Plant material of H. polyanthemum Klotzsch ex Reichardt were collected in October 2007,
in the city of Cacgapava do Sul, South Brazil. Plant material was identified by Dr. Sérgio
Bordignon (ULBRA-RS-BRASIL) and voucher specimens were deposited in the herbarium
of the Federal University of Rio Grande do Sul (ICN) (H. polyanthemum, Bordignon
1429). The vegetal harvest was authorized by IBAMA (Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renovaveis) (N° 03/2008).

The aerial parts of the plant (80 g) were dried and powdered in apropriated conditions, and
extracted by maceration with n-hexane (3 x 24h at 20°C). The extract (1.8 g) was

evaporated to dryness under reduced pressure.

2.2. Isolation procedures

The obtained extract was fractionated under silica gel column chromatography GFg
(Merck) using n-hexane-dichloromethane gradient system as the mobile phase, followed by
isolation of the obtained enriched fractions on preparative-TLC performed on 20cmx20cm
glass-supported plates covered with 0.5 mm layers of silica gel GF,s4 (Merck) . The
chromatographic systems used were as follow: n-hexane:CH,Cl, (1:1 v/v) for HP1, n-

hexane:CH,Cl, (3:2 v/v) for HP2, n-hexane:CH,Cl, (4:1 v/v) for HP3, yielding 200 mg of
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HP1, 100 mg of HP2 and 150 mg of HP3. Bands were detected using UV light (254 nm)
and the compounds were identified by 'H RMN and "*C RMN. The spectral data are

described elsewhere (Ferraz at al., 2001).

2.3. Preparation of ticks

Engorged females of Rhipicephalus (Boophilus) microplus were collected from infested
cattle, washed with water and dried in paper toweling. The average weight of engorging
ticks was 0.30 g. These females were incubated at 27-28 °C and 70-80 % relative humidity
for ca. 2 weeks until the egg laying. These eggs provided the larvae used for the larval

immersion test (LIT).

2.4. Larvae Imersion Test (LIT)

The modified-LIT was conducted by placing approximately 200 embryonated eggs (0.01 g)
into pockets made with pieces (3 cm X 3 cm) of TNT fabric. The pockets were incubated at
27-28 °C and 70-80% relative humidity for ca. 14 days, until the eggs started hatching.
After another 14 days the pockets containing the larvae ready for the test were immersed
for 5 min in 10-15 ml of the test solutions. Ethanol 96° was used as control. After ca. 1 h to
allow the solvents to evaporate, the pockets were incubated at 27-28 °C and 70-80%
relative humidity for 48 h and then larvae (alive and dead) were counted to assess percent

mortality. Each treatment contained three replicates.

2.5. Statistical analysis

The data were evaluated using ANOVA one-way followed by Holm-Sidak’s Method. All
results were expressed in mean = S.E.M. The analyses were performed using Sigma Stat
2.03 software (Jandel Scientific Corporation). Differences were considered statistically

significant at p<0.05, compared to control group.

3. Results and discussion
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Results obtained with the larvae of R. (B.) microplus treated with the benzopyrans isolated

from the lipophilic extract of the aerial parts of H. polyanthemum are shown in Table 1.

The larvicidal activity of the extracts of H. polyanthemum was attributed to the
benzopyrans structurally related to precocenes found in the plant. As stated before,
precocenes are specific chemical substances, which cause not only toxic effects but also
disturb the development process and reproduction of the insects. The pronounced activity
verified in the treatment with the benzopyrans reinforces this supposition. In fact, the
isolated compounds demonstrated to be active in a concentration 10 times lower than the

last concentrations of the n-hexane extract from H. polyanthemum.

Benzopyrans are known insecticides but their acaricidal activity has not been elucidated.
Precocene activity has been demonstrated previously in ticks using engorged females. The
essential oil of Ageratum houstonianum flowers showed an acaricidal effect on the tick
Rhipicephalus lunulatus. The main components of this essential oil are the benzopyrans
precocenes I and II. The toxicity of the oil to R. lunulatus was attributed to these two
substances or to a synergistic interaction between these components and the other
constituents of the essential oil (Pamo et al., 2004; 2005). When argasid ticks were treated
with precocene, oviposition was disrupted (Pound and Oliver, 1979). Other studies
suggested that precocene was detrimental to tick development and reproduction (Gaber et
al., 1983; Khalil et al., 1983), although this may have represented sublethal toxicity rather

than true hormonal activity (Dees et al., 1982).

The study conducted by Booth et al. (1986) demonstrated that the treatment of engorged
females of R. (B.) microplus with precocene resulted in desiccated nonviable eggs due to
the absence of a waterproofing wax layer. Electron microscopy showed that precocene had
a destructive effect on the glandular cells of Gene’s organ. The precocene also inhibited in
vitro wax synthesis by the gland cells, indicating a selective cytotoxic effect. In an
experiment with Ornithodoros moubata females treated with precocenes I and II
oviposition was reduced in ticks that survived repeated treatment with high doses of

precocene II (Taylor et al., 1992). The same compounds were applied topically to R. (B.)
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microplus females and prevented oviposition in 20-50% of the treated females. The
remaining females oviposited a reduced number of desiccated eggs (Connat, 1988).
Ethoxy-precocene and analogues were applied topically to O. moubata females 1 day after

feeding resulting in the rapid death of the females (Connat and Nepa, 1990).

Although the precocenes have their insecticidal effect attributed to antijuvenile hormonal
activity, the results obtained in this work cannot be explained by this mechanism since the
experiments were performed with tick larvae and adult. Thus, the effect on the moulting

was not investigated.

4. Conclusions

The isolated compounds showed to be, at least in part, responsible for the presented toxicity
of the extracts of H. polyanthemum, being the benzopyran HP1 slightly more toxic among

the three compounds tested.
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Table 1: Toxic effect of the benzopyrans HP1, HP2 and HP3 on the larvae of R. (B.)

microplus (percentage %):

Ethanol 96°  0.625mg/mL 1250 mg/mL 2500 mg/mL  5.000 mg/mL
HP1 94.00 £3.05  70.00+5.77 89,67 +3.28° 97.00+ 1.00
81.67+7.26"" 8500288  9333%6.67  97.67x145
36.67+882°  46.67+8.82" 11.67£1.67 7167726

HP2
HP3
Control 3.00 +1.00

Data are presented as mean = SEM (three replicates). Significantly different values were
detected by ANOVA one-way followed by post hoc Holm-Sidak’s Method: * p<0.05,

*p<0.01, ***p<0.001, as compared to their control group.
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Figure 1: Benzopyrans from Hypericum polyanthemum:

HP1 RI1=Me R2=Me
HP2 RI=Me R2=H
HP3 RI=H R2=Me
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4. DISCUSSAO GERAL



Os estudos realizados com espécies de Hypericum nativas do sul do Brasil
reforcam o potencial do género tanto do ponto de vista quimico quanto
farmacolégico. Espécies de Hypericum de todo o mundo se destacam pela
presenca de constituintes quimicos estruturalmente diferenciados, dotados de
pronunciadas acles terapéuticas. Visto isso, as informacdes obtidas nessa
dissertacdo ressaltam a importancia das espécies estudadas como fonte de

moléculas base para o desenvolvimento de novos farmacos.

As espécies do género Hypericum estdo distribuidas em regides
temperadas e subtropicais. Representantes do género sdo encontrados na Asia,
no Mediterraneo, na Europa, nos Estados Unidos e no sul do Brasil. Varias
espécies sao utilizadas na medicina popular. O exemplo mais difundido € o de H.
perforatum, para o tratamento da depressdo leve a moderada. As atividades
farmacolégicas de H. perforatum, relatadas em grande numero de trabalhos
cientificos, tém motivado a pesquisa de espécies nativas do Rio Grande do Sul.
Os efeitos farmacolégicos da planta européia sdo atribuidos a um conjunto de
compostos encontrados na fracao apolar das partes aéreas do vegetal, como as
naftodiantronas hipericina e pseudo-hipericina, aos derivados de floroglucinol
hiperforina e ad-hiperforina, e a compostos polares, como os flavonoides

hiperosideo, rutina, isoquercitrina e miquelianina (BUTTERWECK e SCHMIDT, 2007).

Espécies de outras regides, como Hypericum glandulosum, H. grandifolium,
H. reflexum, H. canariense das llhas Canarias (Espanha), mostraram atividade do
tipo antidepressiva (SANCHEZ-MATEO et al., 2005; 2007; 2009) e analgésica
(SANCHEZ-MATEO et al., 2006). O extrato metandlico de H. empetrifolium,
encontrado no Mediterrdneo, demonstrou atividade antiinflamatéria e analgésica
em roedores (TROVATO et al., 2001). No sul do pais, as espécies H. caprifoliatum e
H. polyanthemum apresentaram atividade antinociceptiva (VIANA et al., 2003),
enquanto H. caprifoliatum mostrou atividade do tipo antidepressiva para os

extratos ciclo-hexano e metanol (DAUDT et al., 2000; VIANA et al., 2005).
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Algumas caracteristicas como distribuicdo geogréafica, mecanismos de
polinizagdo e a presenca de glandulas pardas e negras diferenciam as espécies
de Hypericum, sendo utilizadas para classifica-las em diferentes segdes. As
espécies de Hypericum nativas do sul do Brasil de espécies sao caracterizadas
pela auséncia de glandulas negras. Nas glandulas negras, é observada grande
quantidade de hipericina e pseudo-hipericina. Ja nas glandulas pardas, é
observada a presenca de taninos, ceras e 6leos essenciais (FERRAZ et al., 2002a).
Hipericina e derivados sao relatados para espécies das secdes Hypericum,
Drosacarpium, Oligostema, Taeniocarpium e Adenosepalum. Para espécies do
Rio Grande do Sul, pertencentes as secOes Brathys e Trigynobrathys, foi
caracterizada a auséncia de naftodiantronas, assim como a auséncia de glandulas
negras, nas espécies H. brasiliense, H. caprifoliatum, H. carinatum, H. connatum,

H. cordatum, H. myrianthum, H. piriai e H. polyanthemum (FERRAZ et al., 2002b).

Em estudo realizado por SMELCEROVIC e colaboradores (2007), a
determinacao da composicao dos 6leos essenciais em 9 espécies de Hypericum
nativas da Sérvia (H. barbatum, H. hirsutum, H. linarioides, H. maculatum, H.
olympicum, H. perforatum, H. richeri, H. rumeliacum e H. tetrapterum) revelou a
presenca de 98 substancias nos 6leos das plantas. Foi identificada a presenca
nao-terpenos, como &cidos carboxilicos e hidrocarbonetos, monoterpenos e
sesquiterpenos. Hypericum barbatum, H. richeri, H. rumeliacum (segao
Drosocarpium) apresentaram alta quantidade de acidos graxos, enquanto a
constituicdo de nao-terpenos e sesquiterpenos de espécies da secdo Hypericum
(H. maculatum, H. perforatum e H. tetrapterum) foi semelhante. Em espécies
nativas do Rio Grande do Sul, foram encontrados 6leos volateis em pequenas
concentracdes (FERRAZ et al., 2002a).

Uma caracteristica freqlente em espécies de Hypericum é a presenca de
compostos fendélicos. Nas espécies do sul do pais, esses compostos apresentam a
presenca de prenilas, importantes dos pontos de vista quimiotaxonémico e
biol6gico (BOTTA et al., 2005; bo REGO et al., 2007; VIANA et al., 2008). As prenilas
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podem se apresentar na forma aberta ou ciclizada, ligando-se a hidroxila fendlica
adjacente, levando a formacao do derivado benzopiranico correspondente. Esse
padrao estrutural € encontrado em grande parte dos compostos lipofilicos obtidos
das espécies nativas. Como exemplos de derivados benzopiranicos podem ser
citados os benzopiranos isobutiril-5,7-dimetoxi-2,2-dimetil-benzopirano (HP1), 7-
hidroxi-6-isobutiril-5-metdxi-2,2-dimetil-benzopirano (HP2) e 5-hidréxi-6-isobutiril-7-
metoxi-2,2-dimetil-benzopirano (HP3), isolados de H. polyanthemum (FERRAZ et
al., 2001); os derivados de floroglucinol hiperbrasilol B e uliginosina B,
encontrados em diferentes espécies (FERRAZ et al., 2002a; NOR et al.,, 2004;
2008); as benzofenonas carifenona A e carifenona B, de H. carinatum (BERNARDI
et al., 2005); e a xantona 6-desoxijacareubina, relatada pela primeira vez para H.
polyanthemum no presente trabalho.

O benzopirano HP1 mostrou atividade antinociceptiva em diferentes
modelos animais. Esse efeito foi bloqueado pela pré-administracdo de naloxona. O
derivado de floroglucinol uliginosina B também vem sendo estudado pelo nosso
grupo por suas propriedades antinociceptivas. Este composto apresentou efeito
mediado pela neurotransmissao dopaminérgica (SToLz et al., 2008). Essas
estruturas podem representar novas entidades com propriedades farmacolégicas.
Apesar da comum presencga do nucleo benzopirano nessas moléculas, as mesmas

apresentam agao por mecanismos distintos.

Os derivados de floroglucinol diméricos, sao biomarcadores das secdes
Brathys e Trigynobrathys. Os derivados de floroglucinol sdo divididos em dois
grupos biogenéticos principais: os monoméricos e os diméricos. Estruturalmente,
os derivados diméricos sao constituidos por uma porcédo floroglucinol e uma
porcdo acido filicinico. Em espécies dessas secdes, como H. ulignosum, H.
japonicum, H. drummondii, H. brasiliense, H. myrianthum, H. carinatum, H.
polyanthemum, H. caprifoliatum e H. connatum, cerca de 25 compostos diméricos
foram identificados (NOR et al, 2004). Algumas dessas moléculas mostraram
atividade antimicrobiana (ROCHA et al., 1996; DALL’AGNOL et al., 2005), além de
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serem, pelo menos em parte, responsaveis pela acao antinociceptiva e do tipo
antidepressiva encontradas para H. caprifoliatum e H. polyanthemum em roedores
(HECKLER et al, 2005; VIANA et al, 2005; StoLz et al., 2008). Os derivados
monomeéricos podem apresentar grupamento aromatico ou ndo, e sdo encontrados
em H. perforatum. Os acilfloroglucindis hiperforina e ad-hiperforina, caracterizados
pela presenca de prenilas em sua estrutura, sdo exemplos.

Devido a distribuicdo altamente restrita e ao alto potencial terapéutico de H.
polyanthemum, protocolos in vitro (BERNARDI et al., 2007a) e ex vitro (BERNARDI et
al., 2008) foram desenvolvidos para seu cultivo. As técnicas de extracao aplicadas
aos materiais vegetais influenciam a qualidade dos extratos obtidos, afetando as
concentracdes encontradas dos componentes ativos, podendo alterar a eficacia e
seguranca de preparacoes vegetais (SCHILTER et al., 2003).

Algumas substancias farmacologicamente ativas sdo sensiveis a
temperatura, a luz e a oxidagdo, como o derivado de floroglucinol hiperforina,
encontrado em H. perforatum (GLISIC et al., 2008). Os extratos obtidos por
maceracao utilizam evaporador rotatério sob presséo reduzida para remog¢ao do
solvente, usando banho-maria com temperatura em torno de 50 a 60 °C. Sao
necessarias repetidas maceracoes (cerca de 3 por periodo de 24h), com repetidas
evaporacoes. Esse processo expde o material vegetal a possiveis processos de
degradacao pela exposicao ao calor, aos solventes e a oxidagéo, podendo levar a
perda de compostos bioativos de interesse (CARGNIN et al., 2010).

A extracao por fluido supercritico (EFS CO,) é uma técnica usada para
separacao, com seletividade para compostos lipofilicos. O dioxido de carbono
(COy), solvente usado, é ndo-téxico e nao-explosivo, apresenta baixo custo e pode
facilmente ser removido do extrato. A EFS CO, apresenta propriedades como alta
difusibilidade, baixa viscosidade e baixa tensdo superficial, que conferem
caracteristicas atrativas para seu uso como extrator. Além disso, a EFS CO;
melhora a seletividade e reduz a degradacdo de moléculas termolabeis (TAYLOR,
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1996). A aplicacao dessa técnica de extracao objetiva reduzir 0 uso de solventes,
o tempo de extracdo e aumentar a concentracdo de compostos bioativos, levando
a um extrato sem residuos (HERRERO et al., 2010).

Em estudo recente, a EFS CO, mostrou-se vantajosa para a extracao de
componentes bioativos de H. polyanthemum (CARGNIN et al., 2010). No presente
trabalho, utilizou-se fluido supercritico para extracao dos compostos lipofilicos das
partes aéreas de H. polyanthemum. Através da utilizagdo de técnicas
cromatograficas, foram isolados e identificados os benzopiranos ja conhecidos
para a espécie HP1, HP2 e HP3, assim como o derivado de floroglucinol
uliginosina B. Foram também isolados dois compostos ainda nao relatados para a
planta: uma xantona, identificada como 6-desoxijacareubina (12) e um derivado
benzopiranico (13). Ambos os compostos apresentam prenila ciclizada, o que é
evidenciado no espectro de RMN pela presenca de dubletos na regidao de 6 5,5 e
6,5 ppm. Ainda caracterizando este nucleo, verifica-se, nas duas substancias, a
presenca de sinais referentes as metilas geminais na regiao de & 1,50 ppm. O
isolamento desses compostos, com nucleo benzopirano, reforca o valor

quimiotaxondmico desse padrao de substituicao.

HAL£O
R

(13)

Nos espectros do derivado de benzopirano verificou-se a presenca de
sinais referentes a dois anéis dimetilpirano. Verificou-se também a presenca de
uma metoxila, indicada pela presenca de sinais de 'H e *C a § 3.66 ppm e d
60.10 ppm, respectivamente. Um sinal simples em 6 H 14.10 ppm revelou a

presenca de um grupamento hidroxila. No esqueleto proposto existem somente

95



duas posicdes no anel aromatico com possibilidade de substituicdo. Considerando
que o0s espectros apresentam sinais adicionais referentes a uma cadeia alquila,
considerou-se que a hidroxila estaria fazendo parte de um grupamento acido
carboxilico. Assim, o conjunto de sinais permitiu propor a estrutura do composto
como um derivado benzopiranico ainda ndo completamente elucidado, semelhante
ao acido eriostemdéico, previamente isolado de Eriostemon cymbiformis e E.
wonganensis, espécies pertencentes a familia Rutaceae (SARKER et al., 1995).
Essa familia tem provado ser, juntamente com Asteraceae e Guttiferae, uma rica
fonte de benzopiranos (PROKSCH € RODRIGUEZ, 1983; KAMPERDICK et al., 1997).

A estrutura da xantona 6-desoxijacareubina foi definida pelos sinais de 6H
que indicam a presenca de dois conjuntos de hidrogénios caracterizando dois
nucleos aromaticos, desblindados pela influéncia dos orbitais =. O sinal em 6 12,80
ppm sinaliza a presenca de uma hidroxila quelada a uma carbonila adjacente. O
oH na regidao de 7,8 ppm é caracteristico de H-8, altamente desprotegido por ser

vizinho a carbonila.

A presenca de xantonas em espécies da familia Guttiferae é amplamente
difundida na literatura, embora ainda n&o houvesse sido relatada para H.
polyanthemum (BENNETT e LEE, 1989; PERES e NAGEM, 1997; PERES et al., 2000).
A xantona isolada no presente trabalho é derivada da xantona tetraoxigenada
jacareubina, descrita na literatura pela primeira vez por KING e colaboradores
(1953), isolada de Calophyllum brasiliense, nomeada de acordo com a arvore
tropical de onde foi isolada, conhecida como “Santa Maria” ou “jacareuba” (PERES
et al., 2000). O derivado 6-desoxijacareubina havia sido descrito para H.
brasiliense, sendo este o primeiro relato do composto para o género Hypericum.
No mesmo trabalho, o derivado tetraciclico demonstrou atividade inibitéria
consideravel contra MAO-A e MAO-B, além de atividade antigungica frente a
Cladosporium cucumerinum (ROCHA et al., 1994). A propriedade inibidora da MAO

esta envolvida com o mecanismo de acao de alguns antidepressivos, descrita para
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extratos de espécies nativas Hypericum e para H. perforatum (GNERRE et al.,
2001; PRENNER et al., 2007; SARRIS e KAVANAGH, 2009).

Outros compostos da classe mostraram importantes propriedades
biolégicas, como atividades antifungica contra Aspergillus fumigatus e Candida
albicans (MoReL et al., 2002), antibacteriana contra bactérias Gram-positivas e
Gram-negativas, antileishmania (AzEBAZE et al., 2008; MKOUNGA et al., 2009),
supressora do crescimento tumoral e de metastase em modelo de cancer mamario
em animais, e efeito citotoxico sobre linhagens de células cancerosas humanas
(Dol et al., 2009; TANAKA et al., 2009).

Hiperosideo (quercetina-3-O-galactosideo), outra substancia isolada nesse
trabalho, é encontrado com abundancia em espécies nativas do Rio Grande do
Sul. Primeiramente, o composto foi identificado em H. myrianthum, H. carinatum,
H. caprifoliatum, H. ternum, e H. polyanthemum através de comparagdao com
amostra conhecida utilizando CCD (DALLAGNOL et al., 2003). No presente
trabalho, a identidade quimica do flavondide foi confirmada através de técnicas
espectroscopicas de RMN de 'H e *C, e andlise de correlacdo bidimencional
(HMBC e HMQC), comparando os dados espectroscépicos obtidos com dados
publicados na literatura. O composto foi isolado a partir da fragdo acetato de etila
do extrato metandlico, obtido através de maceracdo estatica (particao agua:

acetato de etila).

As propriedades antioxidantes demonstradas por extratos de H. perforatum
podem ser em parte responsaveis por alguns efeitos terapéuticos nos quais a
geracdo de radicais livres esta implicada, tais como as propriedades
antiinflamatérias e a acdo no sistema nervoso central (SILVA et al., 2005). Varios
trabalhos demonstram a capacidade de diferentes extratos desta espécie em
sequestrar radicais livres. Esta mesma acdo foi verificada para extratos
enriquecidos em flavonéides (Zou et al.,, 2004; SILVA et al., 2005; SILVA et al.,

2008), bem como para flavonoides isolados desta e de outras espécies do género,
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que apresentaram atividade de forma dose-dependente (Zou et al., 2004;
BERNARDI et al., 2007b; P1AO et al., 2008).

Hiperosideo foi submetido a experimentos comportamentais em ratos e
camundongos, com diferentes doses e vias de administracdo, ja que os dados
farmacocinéticos da molécula sdo escassos e provém principalmente de ratos
(JUERGENLIEMK et al., 2003; CHANG et al., 2005; Zuo et al., 2006). Esse flavondide
atinge o sistema nervoso central ap6s administracdo oral em baixas proporcoes,
enquanto seu principal metabdlito, a miquelianina apresenta maior captagcao
(JUERGENLIEMK et al., 2003). Outros trabalhos mostraram nao foi possivel detectar
a presenca de hiperosideo em sua forma inalterada ou em sua forma conjugada
no plasma apés sua administracdo oral (6,0 mg/kg) (CHANG et al., 2005).
Observou-se também que o composto tem baixa permeabilidade intestinal em
modelos in vitro e in situ (ZUoO et al., 2006).

O tratamento com hiperosideo 20 e 40 mg/kg i.p., reduziu significativamente
0s parametros de crossing, rearing e grooming no teste de atividade locomotora
espontanea. No teste de potenciacdo do sono barbiturico, hiperosideo aumentou o
tempo de duracdo do sono (20 mg/kg i.p.), mas nao a laténcia. Além disso, nao
foram observadas alteragdes no comportamento geral dos animais, perda de peso
ou mortes, indicando que o composto ndo apresenta toxicidade aguda (10, 20 e 40

mg/kg i.p.).

Hiperosideo € considerado um dos responsaveis pela atividade
antidepressiva de H. perforatum. O efeito antiimobilidade do composto foi
demonstrado em ratos apds administragdo aguda e repetida (BUTTERWECK et al.,
2000). No presente trabalho, a atividade do tipo antidepressiva foi reproduzida em
ratos (0,6 mg/kg v.0.) e demonstrada em camundongos (10 e 20 mg/kg i.p.).
Curiosamente, esse efeito foi evidenciado também para o metabdlito miquelianina
por BUTTERWECK e colaboradores (2000), na dose de 0,6 mg/kg v.o.
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Esses dados sugerem um efeito depressor do SNC e corroboram com a
hipétese de que hiperosideo apresenta propriedades antidepressivas, ja que para
ser considerado um potencial antidepressivo, um farmaco deve reduzir o tempo de
imobilidade no teste da natacdo forcada em doses que ndo estimulem a
locomocéao. Esse resultado estd de acordo também com estudos que mostram que
os antidepressivos tendem a reduzir a atividade locomotora (PORSOLT et al., 1978)

e a apresentar efeitos sedativos (MAYERS e BALDWIN, 2005).

O efeito do tipo antidepressivo de hiperosideo foi prevenido pela
administracdo de sulpirida (50 mg/kg i.p.), enquanto a administracdo de sulpirida
somente ndo alterou o tempo de imobilidade dos animais no nado forcado. Esse
resultado indica que a ativagao de receptores do tipo D2 esta envolvida no efeito
antiimobilidade do composto, sendo a primeira evidéncia do envolvimento da
neurotransmissao dopaminérgica na atividade do tipo antidepressiva da molécula.
Em outro estudo realizado por nosso grupo, o extrato ciclo-hexano de H.
caprifoliatum e uma fragdo enriquecida em HC1, tiveram efeito antiimobilidade
com maior impacto no sistema dopaminérgico, mostrado pela prevencao do efeito
com a administracdo de sulpirida e SCH 23390, e inibicdo da recaptagao
sinaptossomal de dopamina ([°*H]-DA) (VIANA et al., 2005).

Em estudo realizado por RYLSKI e colaboradores (1979), a atividade
analgésica de hiperosideo no modelo da placa quente foi relatada na faixa de 3,5
— 10 mg/kg i.p. No presente trabalho, ndo foi verificado efeito antinociceptivo para
hiperosideo no teste da placa quente (10 e 20 mg/kg i.p.). Além disso, nao foi
observada atividade no modelo de contorcdes induzidas por acido acético (20 e 40
mg/kg v.0.). A diferenca nos resultados obtidos pode ser justificada por
variabilidade biologica e/ou interlaboratorial, ou ainda por uma curva dose-efeito
em formato de sino. Assim, o efeito antinociceptivo de hiperosideo nao parece ser
robusto o suficiente para ser reproduzido.
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Benzopiranos representam uma classe de produtos naturais com
propriedades bioldgicas interessantes. Em nosso grupo de pesquisa, as
substancias isoladas vém despertando atengao nos diferentes ensaios realizados.
Inicialmente, caracterizou-se o efeito inibitério de HP3 sobre as enzimas
monoamino oxidase A e B em preparacdes de mitocondrias de cérebro de ratos
(GNERRE et al., 2001). Dando continuidade, evidenciou-se o efeito antimicrobiano
promissor de HP1 e HP3 (DALL’AGNOL et al., 2005). Além disso, foi demonstrado
que HP1, HP2 e HP3 apresentam acao antiproliferativa frente a HT-29 (células de
carcinoma de célon humano), H-460 (células de carcinoma de pulmao) e U-373
(glioma maligno humano) (FERRAz et al, 2005b; 2005c), assim como efeito
citotéxico frente as células envolvidas no processo de angiogénese (NOR, 2006).
Recentemente, HP1, HP2 e HP3 apresentaram baixa propensdo de induzirem
genotoxicidade (FERRAZ et al., 2009).

Diversas moléculas contendo o esqueleto benzopirano, tanto naturais
quanto sintéticas, mostraram atividades farmacol6gicas importantes: tonabersat
(SB-220453), um benzopirano com propriedades anticonvulcivantes, atenua
reflexos neurovasculares induzidos no nervo trigémeo (PARSONS et al., 2001);
compostos com a porcao 7-hidroxi-2H-1-benzopirano-2-ona, 2,3-diarilbenzopirano,
e derivados de benzopirano halogenados evidenciaram atividade antiinflamatéria e
antipirética através da inibicdo das ciclooxigenases (PRASANNA et al., 2004; GIERSE
et al., 2008; EISsA et al., 2009).

O extrato ciclo-hexano de H. polyanthemum reduziu significativamente o
estimulo nociceptivo na dose de 180 mg/kg i.p. e v.o., efeito este mediado em
parte pelo sistema opidide. No presente trabalho, o extrato ciclo-hexano mostrou
efeito dose-dependente, atingindo maior efeito na dose de 90 mg/kg i.p. Os
principais constituintes desse extrato, os benzopiranos HP1, HP2 e HP3 foram
avaliados no modelo da placa quente. De todos os benzopiranos testados, HP1
(30 mg/kg i.p.) foi o unico efetivo. Esse efeito foi dose-dependente, com atividade
nas doses de 30 e 60 mg/kg i.p., mas sem efeito na dose de 90 mg/kg i.p.,
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indicando curva dose-resposta em forma de “sino”. O pré-tratamento com
naloxona aboliu o efeito de HP1 60 mg/kg i.p., indicando que a acao da substancia

€ mediada pelo sistema opidide.

Varios estudos mostram que o sistema opidide pode estar relacionado com
a acao antidepressiva de hiperforina e de extratos de H. perforatum, através da
interacdo com o receptor sigma | (MENNINI e GoBBI, 2004). A administracao de
extrato CO, de H. perforatum, junto com a administracdo de baixas doses de
antagonistas opidides, induz a reducdo do consumo voluntario de etanol em
animais (PERFUMI et al., 2005). Ja CHEN et al. (2003), evidenciaram que a planta
produz alteragdes significativas e regido-especificas em receptores opidides p na

regiao mesolimbica em roedores.

HP1 60 mg/kg v.o. inibiu as contorgdes induzidas por acido acético em
58%. Avaliado no aparelho de rota-rod, HP1 nao afetou o desempenho dos
animais, sugerindo que na dose antinociceptiva esses nao apresentam prejuizo
motor ou neurotoxicidade. Assim, pode-se sugerir que o composto contribui para o
efeito antinociceptivo de H. polyanthemum mediado pelo sistema opidide
previamente descrito (VIANA et al., 2003).

Outros estudos revelam atividade inseticida, incluindo atividade acaricida
para alguns benzopiranos. O O6leo essencial das folhas de Ageratum
houstonianum apresentou efeito toxico sobre o carrapato Rhipicephalus lunulatus.
Essa atividade pode ser atribuida a presenga do cromeno precoceno | (7-metéxi-
2,2-dimetilbenzopirano), ou a sua agdo sinérgica com outras substancias
presentes no 6leo vegetal (PAMO et al., 2005). Precocenos nao somente provocam
efeitos toxicos, como promovem disturbios no desenvolvimento e na reproducao
de insetos. A acao anti-hormdnio juvenil dos cromenos precoceno | e precoceno Il
(6,7-dimetoxi-2,2-dimetilbenzopirano) (14) € documentada (BOWERS et al., 1976;
Pamo et al, 2004). Em acaros, a atividade de precocenos nao foi elucidada,
embora experimentos conduzidos tenham mostrado que esses compostos

interferem no desenvolvimento e na reproducao de carrapatos, reduzindo sua
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oviposicdo. Cromenos como precoceno Il e eupatoriocromeno (15) podem ser
encontrados em Calea serrata (STEINBECK et al., 1997), espécie com atividade
toxica frente aos carrapatos Rhipicephalus (Boophilus) microplus e Rhipicephalus
sanguineus (RIBEIRO et al., 2008).

© |
_e_
I m
© O HO o)
(14) 15)

Os benzopiranos HP1, HP2 e HP3 encontrados em H. polyanthemum sao
estruturalmente semelhantes aos precocenos citados. Os extratos n-hexano e
metandlico da espécie, ricos nesses compostos foram altamente téxicos a larvas e

fémeas adultas de Rhipicephalus (Boophilus) microplus (RIBEIRO et al., 2007).

No presente trabalho, os benzopiranos foram testados isoladamente frente
a larvas do carrapato bovino, mostrando-se significativamente téxicos nas
concentracdes testadas. O composto que provocou maior taxa de mortalidade foi
HP1, com 97% de mortalidade na concentracdo de 5 mg/mL, 90% de mortalidade
na concentracdo de 2,5 mg/mL, 70% de mortalidade na concentracdo de 1,25
mg/mL, e 94% de mortalidade na concentracédo de 0,625 mg/mL. Apesar de todas
as concentracoes terem se mostrado significativamente ativas, observou-se que a
taxa de mortalidade ndo foi linear. E possivel que o composto ndo tenha
solubilizado completamente, ou que a solugdo nao tenha entrado totalmente em
contato com o acaro. Em seqiiéncia, HP2 mostrou-se significativamente téxico
apds as 48h, atingindo taxa de mortalidade de 97% na maior concentracao testada
(5 mg/mL), 93% na concentracdo de 2,5 mg/mL, 85% na concentracdo de 1,25
mg/mL e 82% na menor concentracao (0,625 mg/mL). HP3 teve letalidade de 72%

na concentracao de 5 mg/mL, com menor eficacia nas menores diluicoes.

102



A atividade evidenciada pelos extratos de H. polyanthemum parece estar
relacionada com a presenca dos benzopiranos testados, que mostraram alta
toxicidade nos experimentos realizados. O mecanismo de acado dos extratos nao
esta relacionado ao efeito do tipo horménio antijuvenil, jA que as amostras nao
foram avaliadas em fases de muda do carrapato (RIBEIRO et al., 2007). Assim, 0s
benzopiranos apresentam grande potencial acaricida a ser explorado, sendo
importante que outros estudos sejam realizados buscando avaliar a atividade de

solucdées com menores diluicbes para definicdo da DL50 (dose letal 50%). E

importante também que o0 mecanismo de acgdo desses cromenos seja investigado.
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5. CONCLUSOES
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O extrato das partes aéreas de Hypericum polyanthemum, obtido por
extragdo com fluido supercritico, forneceu o derivado de floroglucinol uliginosina B
e o0s benzopiranos HP1, HP2 e HP3 previamente isolados dessa espécie. Além
desses, foram obtidos a xantona 6-desoxijacareubina e um benzopirano de
estrutura similar a do acido eriostemoico. Ambos os compostos estdo presentes

em quantidades minoritarias e ndo haviam sido relatados para esta planta.

Hiperosideo, isolado de H. caprifoliatum, pode ser considerado um potencial
antidepressivo, ja que mostrou efeito do tipo antidepressivo em doses que nao
estimulam a locomocdo. Esse efeito foi mediado pela neurotransmissao
dopaminérgica, com ativacdo de receptores do tipo D2. No campo aberto e no
teste de potenciacdo do sono barbitdrico, 0 composto apresentou atividade
depressora central. Assim, hiperosideo contribui para o efeito do tipo
antidepressivo previamente descrito para o extrato metandlico de H. caprifoliatum.

O benzopirano HP1, isolado de H. polyanthemum, mostrou significativo
efeito antinociceptivo. O composto contribuiu para a atividade do extrato ciclo-
hexano da planta, mediado por mecanismo do tipo opidide. Assim, o esqueleto
benzopirano identificado em espécies de Hypericum pode ser um alvo para a

busca de outras moléculas com potencial antinociceptivo.
Os benzopiranos HP1, HP2 e HP3 foram altamente téxicos frente a larvas

de Riphicephalus (Bophilus) microplus, mostrando ser componentes ativos do
extrato n-hexano de H. polyanthemum.
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