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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.
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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

20



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.

26



Preview

From:
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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
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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 b