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Adaptado de Eclesiastes 9:10-11 e do Stephen
Grellet (1773-1855).






Resumo

Hedyosmum brasiliense é um arbusto aromatico que pertence a familia
Chloranthaceae e ¢ popularmente usado como calmante e
antiinflamatorio, para tratar frieiras, enxaquecas e doengas de ovario.
Este trabalho visou continuar a analise fitoquimica desta espécie que é
conhecida popularmente como “Cidrao”. Foi possivel isolar e identificar
treze substancias oriundas s6 das fracdes hexano e diclorometano do
extrato etanolico. Dessas substincias, quatro sdo inéditas na literatura e
pertencem & classe das lactonas sesquiterpénicas 15-acetil-
isogermafurenolideo (H622), 1-hidroxi-10,15-metilenopodoandina (HB
212), 15-hidroxi-isogermafurenolideo (HB 21) e brasiliensolideo (HL
33) que é uma lactona sesquiterpénica dimérica. Seis estdo sendo
descritas pela primeira vez para a espécie (monoglicerideo de 4acido
estearico, éster etilico do acido linolénico, éster ectilico do acido
linoléico, acido 3-metoxi-4-hidroxibenzoico, escopoletina e vanilina), e
trés (podoandina, 13-hidroxi-8,9-diidroshizukanolideo (13HDS) e B-
sitosterol) j4 foram descritas previamente para H. brasiliense. Quanto
aos estudos farmacoldgicos, a podoandina mostrou atividade
antidepressiva agindo sobre as vias adrenérgicas, dopaminérgicas e
serotonérgicas; o extrato bruto e as lactonas, podoandina e 13HDS
exibiram a atividade vasodilatadora e as lactonas sesquiterpénicas
(H622, HB 212 ¢ HB 21) no tiveram atividade antimicrobiana contra
Mycobacterium tuberculosis. As substancias foram identificadas pela
espectroscopia de ressonancia magnética nuclear de 1D, 2D,
espectrometria de massas e dados da literatura.

Palavras chaves: Hedyosmum brasiliense, Chloranthaceae, lactonas
sesquiterpénicas, fendlicos, disesquiterpenolideo.
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Abstract

Hedyosmum brasiliense is an aromatic shrub that belongs to the
Chloranthaceae family and is popularly used as a calmative and anti-
inflammatory, for treating athlete’s foot, migraines and diseases of the
ovary. This work was done to continue the phytochemical analysis of
this species which is popularly known as “Cidrao. It was possible to
isolate and identify thirteen substances which were obtained from the
hexane and dichloromethane fractions of the ethanol extract. Out of
these substances, four are new and belong to the class of sesquiterpene
lactones: 15-acetyl-isogermafurenolide (H622), 1-hydroxy-10 ,15-
methylenepodoandin (HB 212), 15-hydroxy-isogermafurenolide (HB
21) and brasiliensolide (HL 33) which is a dimeric sesquiterpene
lactone. Six are being described for the first time for this species (stearic
acid monoglyceride, linolenic acid ethyl ester, linoleic acid ethyl ester,
3-methoxy-4- hydroxybenzoic acid, scopoletin and vanillin), and three
(podoandin, 13-hydroxy-8,9-dehydroshizukanolide (13HDS) and -
sitosterol) were previously described for H. brasiliense. With regards to
pharmacological studies, podoandin exhibited antidepressant activity by
acting on adrenergic, dopaminergic and serotonergic pathways; the
crude extract and the lactones podoandin and 13HDS exhibited
vasodilator activity and the sesquiterpene lactones (H622, HB 212 and
HB 21) showed no antimicrobial activity against Mycobacterium
tuberculosis. The substances were identified by Nuclear magnetic
resonance spectroscopy 1D, 2D, mass spectrometry and already
published data.

Keywords: Hedyosmum brasiliense, Chloranthaceae, sesquiterpene
lactones, phenolics, disesquiterpenolide.
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1. Introducio

Plantas medicinais tém sido usadas por varios grupos étnicos
nos continentes como Asia, Africa e América do Sul e por vérios
séculos foram de grande importancia para a sobrevivéncia destes povos
(Leonti, 2011; Gurib-Fakim, 2006). Varios medicamentos como paclitaxel,
podofilotoxina, pilocarpina entre outros, que sdo de grande importancia
no ambito clinico foram obtidos de plantas medicinais (McChesney et al.,
2007; De Abreu, 2005). Embora o Brasil seja um pais que possui uma
grande area de plantas medicinais (Braz-Filho, 1994), no ambito pela
busca por substancias bioativas, ha bem poucos estudos sobre essas
(Guerra et al., 2001), em comparacdo ao seu tamanho, mesmo que
pesquisas tenham aumentados nesta area (Calixto, 2005). Apesar de se
saber pouco sobre os constituintes quimicos das inGmeras plantas
medicinais do Brasil, de acordo com a WHO (2008), plantas medicinais
sdo lucrativas e em 2007 o Brasil arrecadou 160 milhdes de ddlares so
em taxas e impostos. Tendo isso em vista, além de descobrir novos
fitofarmacos através dos estudos destes produtos naturais, a sua inser¢ao
no Sistema Unica de Satide (SUS) (Ministério de Satde, 2006) pode gerar
mais renda para 0 pais.

Hedyosmum brasiliense pertence a familia Chloranthaceae, e ¢
endémica no Brasil e em Santa Catarina, foi o objeto de analise. E
conhecido popularmente como “Cidrdo” e usado como calmante. E uma
espécie que tem estudos ecoldgicos para o seu cultivo e manejo
sustentavel (Zaniolo, 2003). Embora seja usado na medicina tradicional,
tem poucos estudos sobre os seus constituintes quimicos e as suas
atividades bioldgicas (Guedes, 1997; Trentin et al., 1999; Oliveira, 2009;
Tolardo et al., 2010). No intuito de buscar mais substancias que poderdo
ter atividades farmacologicas significantes para tratar patologias no
futuro, este estudo teve como foco encontrar e identificar outras
substancias ativas de H. brasiliense.



2. Revisido da Literatura

2.1 Plantas Medicinais.

Atualmente tem sido descrito que cerca de 39% de medicamentos no
mercado se originaram de produtos naturais (Bade et al., 2010) e algumas
substancias foram obtidos de plantas medicinais.

Aproximadamente, 10.000 plantas do mundo tém sido
documentadas para uso medicinal (McChesney et al., 2007) onde s6 150 a
200 desses agentes sdo inseridos na medicina ocidental.

As plantas que tem acompanhado ser humano por milhares de anos até
agora (Leonti, 2011; Gurib-Fakim, 2006), foram usadas como alimentos e
para fins medicinais por varios povos ou etnias espalhados nos
continentes como Africa, Asia e América do Sul, baseando-se em crenga
e ciéncia e acerca de 65% a 80% da populacio em paises em
desenvolvimento fagam uso destas (WHO, 2008).

Percebendo a grande riqueza das plantas medicinais, tem sido proposta a
necessidade de despertar estudos multidisciplinares entre areas como
boténica, farmacologia e Fitoquimica (Maciel et al., 2002), um caminho
promissor ¢ eficaz para descobertas de novos medicamentos e a
industria farmacéutica vem investigando através de novas técnicas,
como poderia desenvolver ou padronizar essas plantas como
fitoterapicos (Calixto, 2005) com conhecimento cientifico que
proporciona seguranga, qualidade e eficacia.

2.2 Chloranthaceae

A familia Chloranthaceae ¢ uma das angiospermas mais
primitivas que compreende ervas, arbustos e arvores aromaticas. Possui
75 espécies aproximadamente que sdo distribuidas em quatro géneros
principais: Ascarina, Chloranthus, Sarcandra e Hedyosmum e sdo
encontrados em locais como Madagascar, Himalayas tropical, sul, leste
e sudeste da Asia, Nova Zelandia ¢ América tropical (Souza; Lorenzi,
2005; Takhtajan, 1997; Metcalfe & Chalk, 1950). Alguns autores sugerem
que esta familia ¢ uma das mais primitivas entre as Angiospermas, pois
ocupam uma posi¢do importante na separagdo filogenética entre mono e
dicotiledoneas (Kong, 2001; Souza; Lorenzi, 2005). Algumas espécies
(especialmente de Chloranthus e Hedyosmum) possuem uso ornamental,
medicinal e alimentar (em bebidas) (Kawabata; Tahara; Mizutani, 1981).



Quimicamente, ja foram encontrados em Chloranthaceae: terpenoides,
flavonoides, cumarinas, acidos organicos, amidas ¢ esterodides. Entre os
terpendides, ja foram relatados monoterpenos, sesquiterpenos,
sesterpenos, diterpenos e triterpenos, sendo os sesquiterpenos os
componentes mais expressivos. As lactonas sesquiterpénicas do tipo
lindenanolideo (seus dimeros e trimeros) tem sido consideradas por
alguns autores os principais marcadores quimiotaxondomicos da familia
(Kawabata; Mizutani, 1988; Acebey et al., 2007; Cao et al., 2008).

2.3 Género Hedyosmum

Hedyosmum ¢ o maior género da familia Chloranthaceae, o
unico com ocorréncia nas Américas, compreendendo 46 espécies
essencialmente tropicais e subtropicais americanas (Souza; Lorenzi, 2005)
com sé duas espécies que ocorre no Brasil: Hedyosmum brasiliense, que
¢ a mais comum e Hedyosmum racemosum a mais rara que apresenta-se
apenas no extremo norte do Amazonas e ainda na regido Andina (Souza,
Lorenzi, 2008). O nome Hedyosmum deriva do grego (hedy-osmos) ¢
significa “aquele que cheira doce”, em alusdo ao aroma agradavel das
folhas (Reitz, 1965). Apresenta-se como unissexual e ¢ o inico na familia
Chloranthaceae que a sua flor feminina possui um perianto (Endpress,
2008). Muito pouco tem sido publicado sobre este género, apesar do uso
popular de suas espécies. Nestes poucos trabalhos, alguns mostraram o
isolamento de substancias como lactonas sesquiterpénicas (Acebey et al.,
2010; SU et al., 2008; Bercion et al., 2005); lactonas sesterpénicas (Acebey
et al, 2007) e flavonodides (Cardenas et al., 1993) enquanto alguns
mostraram a analise do 6leo essencial (Lorenzo; Loayza; Dellacassa, 2003;
Mundina et al., 2000). As atividades bioldgicas do género Hedyosmum
registradas s3o atividade antileishmania (Acebey et al., 2010), atividade
analgésica (Cardenas et al., 1993), e as atividades antinociceptiva (Trentin
et al., 1999), antimicrobiana (Kirchner et al., 2010) e antidepressiva
(Tolardo et al., 2010) as trés ultimas para a espécie Hedyosmum
brasiliense.



2.4 Hedyosmum brasiliense

H. brasiliense ¢ uma espécie endémica do Brasil, ocorre em
areas alagaveis de altitude, por quase todo o territorio, exceto Amazonia
e regido Nordeste. No estado de Santa Catarina, encontra-se nos
municipios de Araquari, Brusque, Itajai, Palhoga, Sdo Francisco do sul,
Antonio Carlos, entre outros (Reitz, 1965). A base de dados, Tropicos.org
(2011) considera H. brasiliense como sinonimia de Hedyosmum
bonplandianum Kunth entre outros ¢ 0 nome aceito seria Hedyosmum
racemosum. Ja Souza e Lorenzi (2008) consideram que ocorre no Brasil
duas espécies deste género sendo que: Hedyosmum racemosum ¢ a mais
rara que apresenta-se apenas no extremo norte do Amazonas e ainda na
regido Andina e Hedyosmum brasiliense ¢ a mais comum (Souza,
Lorenzi, 2008). Trata-se de uma planta sublenhosa, geralmente de
pequeno porte, raramente ultrapassando os 3 metros de altura, com
folhas bastante carnosas e com agraddvel perfume de cidreira, quando
machucadas. Os individuos sdo unissexuados, tendo a distingdo entre
plantas estaminadas e pistiladas bastante simples (Figura 1).

Parte pistilada o Parte estaminada
Figura 1: Hedyosmum brasiliense Miq. (partes aéreas)
Fonte: foto do autor

Suas folhas sdo bastante carnosas, opostas simples, pinadas e com
margens serreadas, pecioladas, com estipulas livres no apice e soldadas
na base entre si com o peciolo, formando uma bainha amplexicaule
(Souza , Lorenzi, 2008; Zaniolo; Boeger; Negrelle, 2001).

E usado popularmente como calmante, antiinflamatério, e considerada
Gtil para tratar frieiras, enxaquecas e doencas de ovério. E conhecido
como “cidrao”, “cidreira”, “erva-cidreira”, “ambar-vegetal”, “cancla-



canfora”, “chd ou erva-de-bugre”, “cha-de-indio”, “cha ou erva-de-
soldado”, “erva-almiscar”, “hortela-do-brejo” e ‘“horteld-silvestre”
(Reitz, 1965). Este espécie ¢ notada pela sua capacidade de se
desenvolver em ambientes com pouca ou grande quantidade de dgua e
isso ¢ justificado por sua plasticidade para modificar algumas
caracteristicas morfo-anatomicas e fisiologicas em func¢do do déficit
hidrico (Machado, 2004).

Hedyosmum brasiliense vem sendo estudado desde 1992, porém

so os estudos de Guedes (1997) e Oliveira (2009) levaram ao isolamento
de substancias (figura 2).
Ainda, poucos estudos farmacoldgicos sdo registrados, como da
atividade antimicrobiana do 6leo essencial que obteve acdo significativa
contra bactéria gram positivos e fungos (Kirchner et al., 2010), atividades
ansiolitica, hipnética e antidepressiva do extrato bruto e o seu isolado,
lactona sesquiterpénica (2), em roedores (Tolardo et al., 2010) e a
atividade antinociceptiva da lactona sesquiterpénica (1) (Trentin et al.,
1999).

2.5 Lactonas Sesquiterpénicas (LS)

Lactonas sesquiterpénicas sdo substidncias da subfamilia de
terpendides. Possuem 15 carbonos que consistem em trés unidades de
isopreno (C5) e um grupo lactona. Até entdo, ha aproximadamente 1500
publicacdes sobre estes compostos, mostrando as suas propriedades
anticancer e antiinflamatorio, sendo que 90% foram publicados desde
1990 (Ghantous et al., 2010).
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Figura 2. Substancias isoladas por Guedes (1997) e Oliveira (2009)

As lactonas sesquiterpénicas podem ser classificadas pelos seus
carboesqueletos. Ha quase 100 tipos de carboesqueletos, porém a
maioria das LS, cerca de (87%), se enquadram em s6 sete tipos de
carboesqueletos conhecidos como germacranolideos, elemanolideos,
eudesmanolideos, eremofilanolideos, guaianolideos, xantanolideos e
pseudoguaianolideos;  biogeneticamente, o  carboesqueleto  de
germacrano ¢ o precursor dos demais. (Schmidt, 2006). A Figura 3



mostra os sete principais tipos de carboesqueletos. Entretanto, estudos
sobre a familia Chloranthaceae tém mostrado os lindenanos, outra classe
de LS, como os principais marcadores quimicos desta familia (Kawabata;
Mizutani, 1988). Guedes (1997) propds uma rota biosintética para a
formacdo deste tipo de LS e Bohlman descreve os lindenanos como
eudesmanos modificados (Bohlman et al.,1980; Bohlman et al., 1981).

Germacrano

Lindenano

Eudesmano %
E
# Guaiano E 2@,

Figura 3. Sete principais tipos de carboesqueletos de lactonas sesquiterpénicas
e o carboesqueleto lindenano.

remofilano

Embora LS sejam metabdlitos secundarios caracteristicos da
Asteraceae, sdo conhecidas em outras Angiospermas, podendo ter
atividades antioxidante, citotoxicas, antitumorgénicas, antibacteriana e
antifungica. (Repetto, Boveris, 2010; Khan et al., 2008; Dewick 2002; Picman,
1986). Estas substancias tém propriedades quimicas como reatividade do
centro alquilante, lipofilicidade e cardter eletronica e geometria
molecular e estas propriedades sdo relacionadas as suas atividades
bioldgicas. Entre as lactonas sesquiterpénicas que chegaram a testes
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clinicos estdo artemisimina, tapsigargina, partenolideo e outros
derivados sintéticos (Ghantous et al., 2010).

2.6 Compostos fendlicos

Fendlicos s2o compostos que possuem um ou mais anéis
aromaticos com um ou mais grupos hidroxilas. Sdo amplamente
distribuidos no reino vegetal e sdo os metabolitos secundarios mais
abundantes das plantas, com mais de 8000 estruturas de compostos
fenolicos. Sdo geralmente envolvidos na defesa contra radiagdo
ultravioleta ou agressdo por patdogenos, parasitas e predadores. Além
disso, contribuem para as cores das plantas (Dai, Mumper, 2010).

Estes metabdlitos podem ser classificados em dois grupos: 1)
compostos fenodlicos amplamente distribuidos, como os derivados de
acidos benzoicos e de acidos cinamicos, cumarinas, flavonoides, e
derivados de polimeriza¢do como taninos e ligninas e 2) compostos
fenolicos de distribui¢do restrita como lignanas (Carvalho, Gosmann,
Schenkel, 2000; Dai Mumper, 2010). Quanto a biogénese, os compostos
fenolicos podem ser formados através de duas rotas biogenéticas: pela
via do acido chiquimico ou pela via do acetato-polimalatos que inicia
com acetil-coenzima A e malonil-coenzima A (Carvalho, Gosmann,
Schenkel, 2001).

Estas substancias contribuem para o sabor, odor ¢ coloragdo de diversos
vegetais, sendo muitos desses economicamente importantes pela
utilizacdo como flavorizantes e corantes de alimentos e bebidas.

De acordo com a revisdo de Dai e Mumper (2010), estas
substancias podem intervir em todos os estagios de desenvolvimento de
cancer que dependem de mecanismos celulares basicos e um estudo
extensivo € necessario para possivel exploracdo farmacéutica na area de
oncologia.



3. Objetivo

3.1 Objetivo Geral

Dar continuidade a investigacdo fitoquimica de Hedyosmum brasiliense,
isolando as substancias majoritarias para avaliagdo de atividade
bioldgica e isolando metabolitos minoritarias para elucidacdo estrutural.

3.2 Objetivos Especificos

e Isolar metabolitos majoritdrios do extrato etandlico das folhas
frescas de Hedyosmum brasiliense em quantidades suficientes para
ensaios farmacoldgicos in-vivo no SNC.

e [solar e caracterizar substancias minoritarias do extrato etandlico
através de técnicas espectroscopicas como Ressondncia Magnética
Nuclear (RMN) e Espectrometria de Massas (EM).

e Identificar os principais marcadores no extrato através de CLAE de
fase reversa.



4. Metodologia
4.1 Coleta do Material vegetal e obten¢do do extrato bruto

Hedyosmum brasiliense foi coletado no municipio de
Antonio Carlos no Estado de Santa Catarina e identificado pelo
Professor Dr. Ademir Reis do Centro de Ciéncias Biologicas e foi
comparado com as exsicatas depositadas no Herbario Lyman Bradford
Smith (UNIVALI, Itajai-SC), sob nimero 2031.

4.2 Obtencio do Extrato Etanoélico e particio liquida:liquida

As folhas frescas (5 kg) obtidas foram trituradas em um
liquidificador Metvisa LQ4, com etanol bidestilado e macerado por 15
dias. Apos 15 dias de maceragdo, o extrato obtido foi filtrado e
concentrado em rotavapor (HEIDOLPH Laborota 4000) até eliminagdo
total do etanol. O etanol recuperado foi usado para re-maceracdo até
esgotamento de extracdo. Obteve-se aproximadamente 210 g de extrato
bruto (5% de rendimento). Uma aliquota do extrato concentrado foi
armazenada para estudos de bioatividade. A atividade no SNC
(atividade antidepressiva) foi avaliada por Professora Dra. Marcia Maria
de Souza do nucleo de investigagdes quimico-farmacéuticas (NQFAR) —
UNIVALLI, Itajai. A atividade no sistema cardiovascular (vasodilatador)
foi avaliada no laboratério do Professor Dr. José Eduardo da Silva
Santos do departamento de Farmacologia — UFSC e a atividade
antimicobacteriana foi avaliada no laboratério do Professor André
Bafica - UFSC.
O restante (190 g) foi dissolvido em agua para particao liquida
— liquida e posteriormente a concentragdo no rotaevaporador, obteve-se
as fragdes hexano, diclorometano, acetato de etila e a fracdo aquosa foi
liofilizada.

4.3 Fracionamento cromatografico das Fracdes

Entre as fragdes obtidas conforme item 4.2 s6 as fragdes hexano
e diclorometano foram submetidas a cromatografia em coluna flash



(CC). Utilizou-se silica (230-400 mesh) como fase estaciondria ¢ como
eluentes misturas binarias de hexano-acetato de etila ou acetona, ou
trinaria de hexano-diclorometano-acetona variando o tipo e a propor¢éo
de acordo com o perfil da fragdo em cromatografia em camada delgada
(CCD) utilizando placas de silica Gel 60 Fys4. Ultra-Violeta, anisaldeido
sulfurico, entre outros, foram usados como reveladores.

Para a purificagdo final de misturas pouco complexas contendo
substdncias muito  semelhantes quimicamente, foi utilizada
cromatografia liquida de média pressdo com coluna Lobar Si 60 (Merck)
com eluentes isocraticos. Os eluentes com os componentes carreados
foram recolhidos por gotejamento em frascos numerados
sequiencialmente. Apds analise do perfil cromatografico através de CCD,
foram reunidos os conteudos com caracteristicas semelhantes. Quando
foi observada a presenca de apenas uma mancha em CCD ou
cristalizacdo espontinea nos frascos, a amostra foi submetida a analise
por Ressonancia Magnética Nuclear (RMN), visando a identificagdo da
substancia. Com estes procedimentos foi possivel isolar e identificar
algumas substancias contidas em sé duas das fra¢des do extrato bruto
quais sejam: da fracdo hexano um fitosteroide HB 223, um
monoglicerideo HB 10 e cinco lactonas sesquiterpénicas H3, H5, H622,
HB 212 ¢ HL 33 sendo que as trés ultimas sdo novas propostas, da
fracdo diclorometano uma mistura de acidos graxos esterificados HB 15,
trés fenolicos: HB 23, HB 24 que foram identificados de D19 e HB 22, ¢
mais duas lactonas sesquiterpénicas D 17 ¢ HB 21 sendo que a ultima é
uma nova proposta. Encontra-se na figura 4 um fluxograma sucinto dos
procedimentos realizados.

4.4 Elucidacio Estrutural

As substancias isoladas foram submetidas a andlises
espectroscopicas de Ressonancia Magnética Nuclear (RMN) de 'H e '°C
e 2D em equipamento Bruker Avance 400 (400 MHz para hidrogénio e
100 MHz, carbono) do Departamento de Quimica, UFPR ou em
equipamento Bruker modelo AC200 (300 MHz para Hidrogénio ¢ 75
MHz Carbono) no laboratdrio de RMN (Bloco 17, UNIVALI). Os dados
adquiridos (FID) foram processados pelo programa da ACD lab /
MestRe-C.
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Analises por espectrometria de massas foram realizadas em
equipamento ultrOTOFQ —ESI-TOF Bruker Daltonics, Billerica, MA.
(Faculdade de Ciéncias Farmacéuticas, Ribeirdo Preto, USP e em
equipamento micrtOTOF-Q II Centro de Estudos em Biofarmécia do
Departamento de Farmacia da UFPR.

O ponto de fusdo das substancias foi obtido em equipamento
MQRPF-301 do laboratorio de Quimica Farmacéutica do Departamento
de Ciéncias Farmacéuticas, UFSC.
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Figura 4. Fluxograma do fracionamento Fitoquimico de Hedyosmum

brasiliense
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4.5 Cromatografia liquida de alta eficiéncia

Utilizou-se o sistema de cromatografia liquida de alta eficiéncia (CLAE)
do laboratorio de Farmacotécnica do Departamento de Ciéncias
Farmacéuticas (CIF/CCS/UFSC) no Equipamento Perkin Elmer série
200. A analise do extrato etanolico e as substancias isoladas foram em
triplicata com fase moével de gradiente (Quadro 1) em coluna C18
(Phenomenex synergi fusion 250 X 4,6 mm). A fase mével usado foi
Agua (0,5% acido Férmico) : Acetonitrila. O volume de amostra
injetado foi 20 pL. O tempo de andlise foi 55 minutos com fluxo de 0,8
mL/min e detec¢do em 260 nm.

Quadro 1 Dados de Tempo de gradiente, Fluxo e solventes para analise em

CLAE.

Tempo Fluxo Agua Acetonitrila
(minutos) (0,5% acido formico)

0,5 0,8 90 10

5 0,8 90 10

35 0,8 10 90

5 0,8 90 10

10 0,8 90 10




5. Resultados e Discussio
5.1 Obtencio do extrato etanodlico e particio liquida-liquida

De cinco kilogramas das folhas frescas obteve-se
aproximadamente 210 g de extrato bruto (5% de rendimento). Uma
aliquota do extrato concentrado foi armazenada para estudos
farmacolédgicos. Estudos farmacoldgicos foram feitos em parceria para
avaliar atividades no sistema nervoso central (SNC), sistema
cardiovascular e antimicobacteriana.

Dissolveu-se o restante (190 g) em agua e através de
particdo liquida: liquida e subseqiientemente a concentra¢cdo no
rotaevaporador, obteve-se 16 gramas de fracdo hexano, 4 gramas de
fracdo diclorometano, 13 gramas de fra¢do acetato de etila e 84 gramas
de fragdo aquosa liofilizada.

5.2 Caracterizagio das substincias isoladas

5.2.1 Fragdo n-Hexano

A fragdo n-hexano foi cromatografada em coluna com
silica gel CC (230-400 mesh) usando n-hexano e gradiente de
polaridade com diclorometano (CH,Cl,) (0-70% CH,Cl,) e
subseqiientemente usando CH,Cl, e gradiente de polaridade com acetato
de etila (AcOEt) (0-70%). Assim, foram produzidas as sub-fragdes A, B,
C, D, E, F, G, H. Cada sub-fracdo entdo foi cromatografada sobre silica
gel CC (230-400 mesh) e as suas misturas poucas complexas sob
cromatografia liquida de média pressdo com coluna Lobar Si 60
(Merck), com eluentes de gradiente de hexano-acetona ou acetato de
etila. Da sub fragcdo A substancias HB 223 e HB212 foram isoladas. Pela
recristalizagdo da sub-fracdo B, H3 foi isolado. Da sub-fragdo C foi
obtida H5. HL 33 foi obtido da sub-fracdo E e H622 ¢ HB 10 foram
isolados da sub-fragdo F. As substancias isoladas foram elucidadas
através de ressondncia magnética nuclear (RMN) 'H, °C e 2D, pelo
espectrometria de massas e em comparagdo com dados ja publicados em
literatura.
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FOLHAS frescas triturados
de H.brasiliense (5 Kg)

Maceragao com etanol bidestilado
Eliminagdo do etanol em 8L
rotaevaporador

Particdo liquido-liquido, extrato diluido com 1/3 H20
1

Uma aliquota concentrada  secura para testes
farmacolégicos: SNC, Cardiovascular e

1
Fragdo Fracdo Fragdo Fragdo
Hexana (H) Diclorometana Acetato de etila Aquoso
(16g) (Dcm) (a g) (AE) (13g) liofilizada
(84g)

Cromatografias em coluna (silica 230-400 mesh} hexano e gradiente de polaridade com
diclorometano [CH,Cl) (0-70% CHC) e subseqiientemente usando CH,Cl, @ gradiente de
polaridade com acetato de etila (AcOEt) (0-70%) gerando sub-fragdes A-H

I I I I I I
[~ Jle Jlc]lo s J[ ]

HB 223
4 (300 mg) (40 mg) (4 mg) g
HB 212 HB 10
10m, (28 mg)

Figura 5 Etapas para isolamento das substancias da fracdo n-hexano de
Hedyosmum brasiliense.

[ £ ]

5.2.1.1 Substancia H3 (Podoandina)

Apresentou-se como um solido cristalino (PF=111 - 112°C) de
colorag@o branca (300 mg). O seu espectro de Ressonancia Magnética
Nuclear (RMN) de hidrogénio (Figura 6) apresentou um simpleto em 6
5,49 (1H) que corresponde o hidrogénio olefinico H-3. Os simpletos em
1,86 (3H) e 1,79 (6H) correspondem a metilas em carbono sp2. O sinal
de duplete em 4,55 ppm (J = 13,4 Hz) se refere a um hidrogénio
préximo a um grupo eletronegativo, neste caso oxigénio; atribuiu-se ao
H-8. Na regido de 6 2,62 um duplo-duplete com constantes de
acoplamento 13,4 Hz e 3,7 Hz e um tripleto na regido de o 2,23 (J =
12,5 Hz) se refere aos H-9a e H-9b respectivamente.

O RMN de carbono (Figura 7) apresentou 15 sinais indicando
um possivel sesquiterpeno. Os sinais em 6 174,3 (carbonila); & 163,5
(carbono PB); 6 121,3 (carbono a) e 6 79,3 (carbono vy), sdo sinais tipicos
de y-lactona a,p insaturada. Ainda apresentou sinais em & 142,9; &
140,7; 6 124,3; & 122,7; que correspondem a carbonos olefinicos e assim
indicando que hd mais duas insaturacdes. Sua formula molecular é
CsH30,. Os dados de RMN obtidos foram comparados com dados
Kubo et al., (1992), Blay et al., (2000) e Oliveira, (2009) e sdo
mostrados no Quadro 2.
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Quadro 2 — Dados de RMN 'H ¢ "°C da lactona H3 (Podoandina) (300
MHz e 75 MHz, CDCl;) em comparagdo com literatura.

POSICAO 'H Bc Kubo et al., 1992 (500 ¢ | Blay et al., 2000 (400
(ppm), J | (ppm) | 125 MHz, CDCls) J ¢ 100 MHz, CDCl; J
(Hz) HZ) (Hz)
H3 H3
'H (ppm),  “C (ppm) | "H (ppm), "“C (ppm)
1 142,9 143,2 142,9
2 a 31,3 al,78 dd 1,90-1,70 | 31,2
(132;1,5) | 31,5 (1H m)
297 d 3,10-2,90
(13,2) (3H, m)
3 549 s 1243 549  dl | 1245 5,49 1242
(1,5) (1H, brs)
4 140,7 143,1 140,6
5 2,90 d 49,6 281  dl | 50,0 2,87 49,6
(12,2) (1H, brd,
J11,6)
6 3,02 m 36,8 290 m | 372 3,10-2,90 | 36,8
a 2,97 (3H, m)
7 163,5 163,6 163,5
8 455 d 79,3 4,54 dl | 79,4 4,55 79.3
(13.4) (11,7) (1H, brd,
J 12,0)
9 223 ¢ 39,3 a2,18 dd | 39,7 2,23 39,6
(12,5) (12,7; 11,7) (1H, 2,71
2,62 dd B255 dl 12,8)
(13.4; 12,7) 2,62
3,7) (1H, dd,
3,6;12,8)
10 122,7 122,9 122,7
11 1213 121,6 1213
12 1743 174,1 1743
13 1,86 s 8,3 181 s |83 1,84 8,2
3H 3H br
S
14 1,79 sl 21,9 1,65 sl | 219 1,78 21,9
3H 3H, br
A
15 1,79 si 14,9 1,75 sl | 150 178 14,9
3H 3H, br
S

* — Sinais sobrepostos.




5.2.1.2 Substancia H5 (13-hidroxi-8,9-diidroshizukanolideo,
13HDS)

Apresentou-se como um soélido cristalino (PF=97 — 98°C) de coloragio
branca. O seu espectro de Ressondncia Magnética Nuclear (RMN) de
préton (Figura 8) apresentou um simpleto em & 6,42 que corresponde a
H-9. Os simpletos largos em & 5,07 ¢ & 4,80 sdo hidrogénios em sp” que
correspondem a H-15a e H-15b respectivamente. Ja o simpleto em 0,82
ppm (3H) (Figura 8a) representa hidrogénios em sp3. O sinal em & 4,48
(2H) representa possiveis hidrogénios proximos a oxigénio e
correspondem a H-13a e H-13b. Os sinais de duplo-duplete em & 2,93 e
multipleto em 6 2,38 representam H-6a e H-6b respectivamente. O sinal
de duplo-duplo-duplete em 6 1,68 (Figura 8a) corresponde H-1.

O RMN de carbono apresentou 15 sinais (Figura 9) indicando
outro possivel sesquiterpeno. Os sinais em 6 170,2 (carbonila); & 150,1
(carbono B) e & 124,3 (carbono ) sdo sinais tipicos de y-lactona a,
insaturada. Além disso, apresentou sinais em 6 149,6; 6 149,4; 6 1229 ¢
5 106,9 que s@o carbonos que representam mais duas insaturacdes. Os
dados de RMN obtidos foram comparados com os dados de Trentin et
al., (1999) e Oliveira (2009) (Quadro 3) que confirmou a substancia H5
como 13-hidroxi-8,9-diidroshizukanolideo.

14

maique_h5.001.esp

0.82

Normalized Intensity
o
&
1

—6.42
448

> L
1.04 1.161.132.42 1.151.21 1.45 1.461.41 243335
] 1 1l U u O U u U |

T T T T T T T T T T T T T
8 7 6 5 4 2 1 0
Chemical Shift (ppm)

Figura 8 — Espectro de RMN de '"H de H5 (13HDS) (400 MHz, CDCl;).

19



maique_h5.001.esp

1
| 'Ch,

g

0.454
0.40: 15 CH,
0.354
0.304

0.254

Normalized Intensity

0.203

0.153

0.103

0.053
0 3
1.41 243 3.35
— =)

[ —

17 16 1.5 1.4 13 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5
Chemical Shift (ppm)

Figura 8a — Espectro de RMN de 'H de H 5 (13HDS) ampliado na regido de &
1,68 26 0,82.

—1.68 E
=0.94

1.0 4maique_h5.0022.esp
E m
©
0.94 ks =
r
3 by
0.8
074 &
©
E e <
2z bl b3
k2 0.6 b <
2 3 SN ls
= =
B E < =
509 g ‘
g g
2 047
] 3
0.34 9 9
3 g
E 3
0.24 o N
©
E 3| <
® 2le S
014 S e s g
=
3 0 ‘
3 1
240 220 200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

Figura 9 — Espectro de RMN BCdeH5 (13HDS) (100 MHz, CDCl5).



Quadro 3 — Dados de RMN 'H e "°C da lactona H5 (13HDs)
(400 MHz e 100 MHz, CDCl;3) em comparag@o com literatura.

Posicio | H5 H5 | 13HDS 13HDS
'H (ppm), J | “C 'H (ppm), J (Hz) | “C (ppm)
(Hz) (ppm) | (OLIVEIRA, (TRENTIN et al.,

2009; 300 MHz, | 1999, 50 MHz,
CDCly) CDCly)

1 1,68 ddd | 264 | 1,68  ddd (4.2; | 26,4
(3.9:3.8:3.7) 3,6:3.9)

2 094 m 171|093 m 17,0

3 199 m 224 | 1,98 m 2.4

4 149,6 149,6

5 3,00 m 61,9 |30l m 61,9

6 2,93 dd | 215 | 292 d(3,5) 21,5
(3,74; 17,1) 238 dd (17.7;
238 m 14,1)

7 150,1 1504

8 149,3 1493

9 642 s 1229 | 642 123,0

10 40,0 40,0

11 1242 1243

12 170,2 1704

13 143 s 551 | 448 s 549

14 082 s 2201|082 s 22,0

15 507 s 480 | 1069 | 507 s, 480 5 | 1069
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5.2.1.3 Substincia HB 223 (B-sitosterol)

O espectro de RMN de hidrogénio (Figura 10) apresentou um
sinal em 6 5,35, simpleto (1H) que ¢ um sinal tipico de hidrogénio em
sp2 atribuido a hidrogénio ligado a C-6. O sinal em 3,53 ppm (1H), um
multipleto representa o hidrogénio ligado ao carbono carbindlico C-3. O
espectro de carbono (Figura 11) apresentou 29 sinais nas quais
apareceram sinais em & 140,8 e d 121,7 que correspondem aos carbonos
olefinicos C-5 e C-6 respectivamente. O sinal em & 71,8 corresponde a
carbono ligado a um oxigénio, neste caso C-3. Os dados de RMN
obtidos foram comparados com Zhang et al., (2005). (Quadro 4).
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Quadro 4 — Dados de RMN 'H e "*C de HB 223 (B-Sitosterol) (300 MHz e
75 MHz, CDCl;) em comparagdo com literatura.

Posiciao HB 223 B — Sitosterol (ZHANG et al., 2005 75 e 300
MHz
CDCI; + CD;0D)
C 13C lH 13C lH
01 37,3 37,3
02 31,7 31,6
03 71,8 3,53 (1H, m) 71,8 3,51 (1H, m)
04 42,3 42,3
05 140,8 140,8
06 121,7 | 5,35 (1H, brd) 121,7 5,34 (1H, brd)
07 31,9 32,1
08 31,9 32,1
09 50,1 50,2
10 36,5 36,5
11 21,1 21,1
12 39,8 39,8
13 423 42,3
14 56,8 56,8
15 243 243
16 28,2 28,3
17 56,1 56,1
18 12,0 0,68 12,0 0,68 (3H, s)
19 19,4 1,01 (3H, s) 19,1 1,00 (3H, )
20 36,1 36,2
21 18,8 0,93 (3H, d) 18,8 0,92 (3H, d)
22 34,0 34,0
23 26,1 26,2
24 45,8 45,2
25 29,2 29,2
26 19,8 0,83 18,9 0.83 (3H, d)
27 19,0 0,80 19,1 0,80 (3H, d)
28 23,1 23,1
29 11,8 11,9




5.2.1.4 Substincia Hb 10 (Monoglicerideo de Acido
Estearico)

O espectro de RMN de hidrogénio (Figura 12) apresentou um duplo-
duplete em o 4,13 (4,6; 11,2 Hz) (1H) que corresponde ao hidrogénio
préximo a um oxigénio que se acopla com um hidrogénio (duplo-
duplete) em o 4,05 (6,3; 11,2 Hz) (1H) que entdo indica uma
proximidade a oxigénio. Ainda apresentou um duplo-duplete em 3,82
ppm (1H) (J= 5,2; 11,2) e um tripleto em 3,75 ppm (1H) (J= 5,9)
(Figura 12a) que poderiam representar também hidrogénios proximos a
outros oxigénios. O espectro apresentou também um simpleto alargado
em & 1,29 (28H) que corresponde um sinal tipico de uma cadeia longa
de metilenos (envelope de metilenos), indicando 14 carbonos. Ainda
apresentou um tripleto (J/ = 7,2 Hz) em 0,88 ppm (3H), um sinal tipico
de uma metila terminal de uma cadeia longa.

O espectro de RMN de carbono (Figura 13) apresentou sinais
em & 173,8 (carbonila) e & 70,8; 6 66,2; 6 64,1 que correspondem aos
carbonos carbindlicos. O quadro 5 elucida melhor os sinais de 'H e Be.
Com a correlagido HMQC ¢ a HMBC encontradas nas figuras 14 e 15
respectivamente foi possivel observar e identificar os carbonos e
hidrogénios com as suas vizinhangas (tabela 5) e conseqiientemente as
suas posicdes dentro da estrutura quimica.
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Quadro 5 - Dados de RMN 'H e "°C ¢ HMBC de HB 10 (400 MHz ¢ 100
MHz, CD;COCD3)

POSICAO | 1H (ppm), J (Hz) 13C (ppm) | Correlagio HMBC

1 173,7

2 2,31¢ (2H) (7,52) 34,7 24.,8;25,7;30,2; 173,7
3 1,59 m (2H) 25,7 30,2

4-17 1,29 s (28H) 29,6 30,3

18 0,88 ¢ (3H) (7,2) 14,4 23,5;32,7

I 4,13 dd (4,6; 11,2) 66,2 64,0; 70,8; 173,7.

4,05 dd (6,3; 11,2)

2 3,55 ddd (2,1;2.2;2,4) | 64,0
3 3,82dd (5.2 11,2) 70,8
3,751(5.9)
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Figura 14 Mapa de Correlagdo de HMQC de HB 10.
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Através da analise dos espectros foi proposta a substancia HB 10 como
Monoglicerideo de acido estearico, também conhecido como estearato
de 2,3-dihidroxipropila.

5.2.1.5 Substincia H622 (15-acetil-isogermafurenolideo)

A substancia H622 foi obtida como um liquido viscoso amarelo. Seu
espectro de hidrogénio (Figura 16) apresentou um sinal em 6 5,32 (1H;
1,3 Hz e 1,3 Hz) e um simpleto largo em & 5,05 (1H) (Figura 16a) que
correspondem a H-3a e H-3b respectivamente. Apresentou ainda um
simpleto em & 1,18 (3H) e o outro em 6 2,1 (3H) (Figura 16b) indicando
a presenga de metilas terciarias. Além disso, apresentou um simpleto
mais desblindado em 6 4,48 (2H) (Figura 16a) que indica hidrogénios
préximos a um oxigénio. Em 5,05 ppm duplo-dupleto (1H; 0,5 Hz e
10,7 Hz), e em 5,01 ppm duplo-dupleto (1H; 0,5 Hz e 17,4 Hz) (Figura
16¢) representam H-2a e H-2b respectivamente. Alem disso, apresentou
um duplo-dupleto em 5,69 ppm (1H; 10,7, 17,4 Hz) (Figura 16a)
indicando um hidrogénio ligado a um carbono sp” atribuido a H-1. O
espectro ainda apresentou um multipleto em 6 4,85 (Figura 16a) que
corresponde um hidrogénio provavelmente proximo a um grupo
eletronegativo neste caso podendo ser oxigénio.
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Foi possivel identificar 15 carbonos sendo que 13 foram observados no
espectro de Carbono (Figura 17) e os outros dois (6 175,1/ C-12 e em o
171,0/ C-16) no HMBC (Figura 18a).
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Figura 18a - Mapa de correlagido HMBC do H622 ampliado mostrando
carbonos 8175 e 5171.

Por isso a estrutura de sesquiterpeno foi proposta. Os espectros entdo
indicaram sinais tipicos de y-lactona, o, P, insaturada, sendo, 6 175,1
(C=0); 6 120,4 (o — C) e 161,8 (B-C). Ainda apresentou carbonos em J
145,7; 6 143,6; 6 113,1 ¢ & 115,3 indicando carbonos em sp2 e assim,
mais duas insaturagoes.
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Figura 19 — Mapa de correlagio HMQC do H622 ampliado

Com todos estes dados a substancia H622 entdo foi elucidada como
Isogermafurenolideo-15-acetato ou 15-acetil-isogermafurenolideo, um
elemanolideo.
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fragmentos s3o compativeis com a estrutura proposta.

Pela espectrometria de massas (HR-MS modo positivo), (Figura
21) obteve-se a massa do fon molecular como 291,1516 [M+H]".
ESI(+)- MS/MS mostrou ions filhos em m/z 273, 213, 185, 157 ¢ 143
podendo ser as perdas de agua (H,0), didéxido de carbono (COO),
mondéxido de carbono (CO), eteno (C,H,), ¢ metileno (CH,). Estes
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A configuragdo relativa do H622 foi estabelecida baseada nos
experimentos de RMN de NOE 1D. A irradia¢do seletiva no sinal de



hidrogénio em ¢ 1,18 (3H) (H-14) causou uma altera¢do nos sinais em
5,00 ppm (H-2a), 5,05 ppm (H-3a), 4,85 ppm (H-8), 2.23 ppm (H-9) e
2.58 ppm (H-6). Isso entdo permitiu propor a configuracio relativa de
H622.

Quadro 6 Dados de RMN 'H e *C E 2D da lactona H622

POSICAO | 'H (ppm), J (Hz) BC (ppm) | Correlagio HMBC
1 5,69 dd (10,7,17,4) | 145,7 14, 10, 5.
2 5,05dd (0,5;10,7) | 113,1 10, 5.
5,00 dd (0,5; 17,4)
3 5,32dd (1,3; 1,3) 1153 5,15, 4.
5,05 sl
143,6
5 2,09 m 48,6 6,10,15,4,16
6 2,71 dd (4,24, 14,52) | 28,9 10,5,8,11,7.
2,58 dd (14,52) 5,117
161,8
4,85 m 78,0
2,23 dd (6,03, 12,33) | 45,6 14, 10,5,8, 7.
1,36 dd (12,16) 14, 10,8, 1.
10 40,7
11 120,4
12 175,1
13 1,83 dd 3H (1,6; 1,7) | 8,2 11,7, 12.
14 1,18 s 3H 16,6 10,9,5, 1.
15 4,48 s2H 68,0 5,3, 4, 16.
16 171,0
17 2,1s3H 20,9 16
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Foi relatado o isolamento de Isogermafurenolideo, o ntcleo de
H622 de outras espécies como Chloranthus spicatus (Tesso et al., 2006) e
Lindera strychnifolia (Takeda, Horibe, Minato, 1968). Dois elemanolideos
que foram isolados da Vernonia lasiopus tiveram atividades citotdxicas
contra linhagens de células cancerigenas humanas in-vitro (Koul et al.,
2003) e Friedrich e Bohlmann (1988) sintetizaram varios elemanolideos
partindo de uma cicloexanona.

5.2.1.6 Substancia HB212 (1-hidroxi-10,15-
metilenopodoandina)

A substancia HB212 foi obtida como um p6 branco com ponto
de fusdo 133 °C - 135 °C. O seu espectro de hidrogénio (Figura 22)
apresentou um singleto em & 5,47 (1H) (Figura 22a) que indica um
hidrogénio ligado a carbono sp>. Ainda, apresentou dois simpletos
largos em 6 5,29 (1H) e em 6 5,39 (1H) que correspondem a H-15a e H-
15b respectivamente. Em 6 2,28, o espectro apresentou um duplete
(J=11,9 Hz) (Figura 22b) que corresponde a H-5. Apresentou também
um duplo-duplete em & 4,65 (J= 11,6; 4,8 Hz) (Figura 22a) que pode
representar um hidrogénio préoximo a um oxigénio. Em 1,76 ppm (1H) e
2,65 ppm (1H) (Figura 22b) apresentaram-se um multipleto e duplo-
duplete (J=13,7; 1,6 Hz) que correspondem H-6a e H-6b
respectivamente. O espectro ainda apresentou sinais em 2,40 ppm (1H) e
2,98 ppm (1H) (Figura 22c¢) que foram designados aos H-9a e H-9b
respectivamente. Observou-se também sinais em o 1,84 (3H) e & 1,85
(3H) que correspondem a metilas ligados a carbonos sp”.
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Figura 23 — Mapa de Correlagdo de HMQC da substancia HB212.

O espectro de carbono apresentou 15 sinais onde foram
identificados carbonos tipicos de vy-lactona, o, P, insaturada (6
174,4/C=0; 6 162,7/B-C; & 121,8/a-C e 6 83,5/y-C). Ainda, observou-se
um sinal em 85,1 ppm correspondendo a um carbono carbinoélico. Com
as correlagdes de HMQC e HMQC foi possivel propor uma estrutura
que possui o carboesqueleto do tipo guaianolideo e substancia inédita na
literatura que foi nomeada 1-hidroxi-10,15-metilenopodoandina. O
quadro 7 que contem os dados de 1H, 13C e as suas correlagdes de
HMBC elucida melhor a estrutura de HB212.
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Figura 24 — Mapa de Correlagdo de HMBC da substancia HB212.
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Ainda observou-se pela espectrometria de massas de alta
resolugdo (ESI, modo positivo) (Figura 25) um ion molecular 247,1311.
ESI(+)- MS/MS mostrou ions filhos em m/z 229, 211, 201, 183 and 173.
O ion em m/z 229 poderia representar a perda de H,O. Os ions em m/z
211 e 201 poderiam representar mais uma perda de H,O ou a perda de
CO respectivamente. Ainda, o ion em m/z 201 poderia perder H,O em
m/z 183 ou CO em m/z 173. Assim o HB212 foi confirmado como uma
lactona sesquiterpenica (guaianolideo) com o nome 1-hidroxi-10,15-
metilenopodoandina.

Quadro 7 - Dados de RMN de 'H e *C e 2D da lactona HB212.

POSICAO | 'H (ppm), J (Hz) | *C (ppm) | Correlagio HMBC
1 85,1

2,44 m 433

3,02m
3 547s 122,7 2,5, 1.
4 140,2
5 2,28d(11,9) 58,7 6,1,3,4,7.
6 1,76 m 25,7 1,11.

2,65 dd (13,7; 1,6) 5,8,1,11,4,7.
7 162,7
8 4,65 dd (11,6;4,8) | 83,5

2,40 m 37,1 8,1,15,10,7.

2,98 dd (12,1; 5,3)
10 144.,8
11 121,8
12 1744
13 1,85dd (1,8;0,8) | 7.8 11,7, 12.
14 1,84 m 15,1 5,3,4.
15 5,29 s/ 1183 9,1, 10.

5395 9,1, 10.
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A configuracdo relativa do HB 212 foi deduzida através de
experimentos de NOE 1D. A irradiacdo seletiva do préton em 4,65 ppm
causou uma alteragéo nos sinais dos hidrogénios em ¢ 5,29 e 6 5,39 (H-
15a and H-15b respectivamente) e também nos sinais em & 1,76 ¢ 2,98
(H-6 ax and H-9 eq respectivamente). A irradiagdo do sinal em & 2,65
(H-6) alterou o sinal em & 2,28 (H-5) e a irradiacdo do sinal em & 2,28
também alterou o sinal em 6 2,65 (H-6). Assim a configuragdo relativa
de HB 212 foi obtida.

Os guaianolideos sdo substancias que t€ém atividades biologicas
dos quais varias foram isoladas das familias de Asteraceae e Apiaceae.
Uma dessas substancias ¢ tapsigargina que tem produzido resultados
promissores para o tratamento de cancer de prostata (Drew et al., 2009).



5.2.1.7 Substancia HL 33(brasiliensolideo).

O RMN de hidrogénio da HL 33 obtido a temperatura ambiente
apresentou sinais largas que foram dificeis analisar (Figura 27).
Observou-se que os sinais dos espectros melhoraram enquanto diminuia
a temperatura na qual os dados de RMN foram adquiridos.
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Figura 27. Espectro de RMN de 'H de HL 33 a temperatura de 20 °C (293 K)
ampliado na regido de 0 ppm a 5,5 ppm (400 MHz, CDCl,).
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Figura 28 Espectro de RMN de 'H de HL 33 a temperatura de -20 °C (253
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O espectro de RMN adquirida na baixa temperatura a 253K
(Figura 28) ajudou a melhorar os sinais. Isso indicou que a substancia
possuia provavelmente um ciclo grande com provaveis confomeros. Dos
espectros de RMN obtidos (HMQC — Figura 29, HMBC — Figura 30) foi
possivel deduzir que a substancia apresenta 30 carbonos quase com
deslocamentos duplicadas tais como 150,5/151,6 ppm atribuidos a C-4 ¢
106,3/106,5 ppm atribuidos a C-15 do exo-metileno; 16,0/15,6 ppm
atribuido a C-2 e 54,5/53,6 ppm atribuido a C-13. Foi possivel observar
ainda sinais tipicas de y-lactona a,B-insaturada em & 172,3/172,7 (C=0);
127,2/126,2 (0-C); 162,6/163,3 (B-C) .
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Figura 29 Mapa HMQC da substancia HL 33.
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Figura 30 Mapa HMBC da substancia HL 33.



Também observou-se deslocamento em 6 20,2/16,4 que foi
atribuido as metilas tercidrias. Esses sinais indicam o esqueleto
lindenano semelhante ao 13HDS, podendo ser uma mistura ou
dimerizado. Para resolver essa questdo, foi feito um HR-MS
(Espectrometria de massas de alta resolugdo) no modo negativo que
apresentou um fon molecular a 555,2265 (Figura 31) com baixa
intensidade e mostrou também o pico base como 277,1111. Ao
fragmentar esse ion molecular em 555 (Figura 32), observou-se o ion
molecular 277,1106 como pico base que ¢ a massa molecular de uma
das subunidades de HL 33. Assim deduziu a formula molecular como
C30H36010. Entretanto quando experimentos de NOE (1D) foram
realizados para obter a configuracdo relativa, observou-se que a
irradiacdo seletiva de qualquer hidrogénio afetou simultaneamente o
hidrogénio na outra subunidade da substincia HL 33. Para investigar
isso, um experimento de RMN de EXSY (espectro em anexo nimero 1)
foi realizado que demonstrou que todos os pares de hidrogénios no
espectro de RMN de 'H sdo trocaveis mutualmente, revelando entdo que
HL 33 ¢ uma so6 substancia com conféomeros ¢ ndo uma substancia em
mistura. A diferenga nos deslocamentos quimicos para o brasiliensolideo
em relagdo a 13HDS foi observado s6 em H9/C9 C8, indicando que a
dupla ligacdo de 13HDS parece ter sofrido uma oxidagdo para um diol
no brasiliensolideo com H9 em 6 3,89/4,09 ligado a C9 em 6 77,2/75,9 ¢
com C8 em 9 104,6/106,0 que indica um carbono hemicetal. Com esses
dados e a massa molecular obtida a estrutura de brasiliensolideo foi
proposta para HL33. O quadro 8 mostra os dados de RMN para
elucidagdo de HL 33.
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Figura 32 Espectro de massas de alta resolu¢do (ESI modo negativo) de HL
33 — jon filho (m/z 555,2284).

Algumas lactonas sesquiterpénicas se encontram na forma de
dimeros. Neste caso, podem ser chamados disesquiterpenolideos ou
dimeros de lactonas sesquiterpenoides. Estes podem ser classificados em
trés grupos principais conhecidos como: disesquiterpenoides verdadeiras
(tipo A), pseudo-disesquiterpenoides (tipo B) e dimerosesquiterpenoides
(tipo C) (Zhan et al., 2010). Os tipos A possuem estrutura na qual as duas
unidades sdo ligados diretamente por um ou dois ligacdes carbono —




carbono (C — C) (Figura 33) Nos tipos B as unidades sao ligadas por um
¢ster, éter ou um outro grupo (Figura 33). Enquanto os tipos A e tipo B
sdo encontrados principalmente nas familias de Asteraceac e
Chloranthaceae, os tipos C sdo encontrados em microbios e organismos
marinhos (Zhan et al., 2010).

A substancia HL33 é um pseudo-disesquiterpenolideo, um
dimero de lindenanolideo, isolada pela primeira vez do género
Hedyosmum. Shizukaol B, e shizukaol F s@o dimeros de
sesquiterpenolideos isolados de Chloranthus japonmicus, que inibem
adesdo de monocitos (Cao et al., 2008).

o
P
— © Lot
o
disesquiterpenoide verdadeiro pseudosesquiterpenoides
(A) (B)

Figura 33 Tipos A e B de disesquiterpenoides.
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Quadro 8 Dados de RMN 'H (400 MHz, CDCl3) e °C (100 MHz, CDCl;)
do lindenanolideo dimérico brasiliensolideo em compara¢do com RMN *C
de HS (13HDS). (100 MHz, CDCl;).

Confodomero A Confomero B 13HDS
'H RMN [ "C HMBC 'HRMN | C HMBC N
Carbono | (multi, J | RMN (mult., J | RMN RMN
Hz) Hz
1 1,89 m 23,0 191 m 24,2 26,4
2 0,94 m 16,0 0,69 m 15,6 4 17,1
0,81 m 0,80 m
3 1,99 m 23,9 1,99 m 23,0 22,4
4 150,5 151,6 149,6
5 336 ddg | 51,5 2,99 ddg | 57,4 61,9
(12,2; 6,3) (13,4;
2,2, 1,0)
6 2,46  dd | 22,2 7,11, 5, | 2,18 dd | 22,7 7,11, 5 21,5
(18,3; 8 (12,9;
12,2) 13,4)
2,62 dd 7,11 5, | 2,72 dd 7,8, 10
(18,3; 6,3) 10 (12,9;
22)
7 162,6 163,3 150,1
8 104,6 106,0 149,3
9 3,89 77,2 5,8, 10, | 4,095 75,9 5, 8,10, | 1229
14 11
10 43,5 42,1 40
11 127,2 126,2 124,2
12 1723 172,7 170,2
13 4,329 d | 54,5 7,11,12 | 428 d | 53,6 7, 11, | 55,1
(13,3) (13,3) 12
436 d 7,11,12 | 4325 d 7, 11,
(13,3) (13,3) 12
14 0,57 s 20,2 1,10, 5, | 097s 16,4 1, 10, 5 22,1
9 9
15 5,005 106,3 3,5 5,01s 106,5 3 106,9
4725 474 s
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5.2.2 Fragao diclorometano

A fracdo diclorometano foi cromatografada em coluna com
silica gel CC (230-400 mesh) usando hexano e gradiente de polaridade
com diclorometano (CH,Cl) (0-70% CH,Cl,) e subseqiientemente
usando CH,Cl, e gradiente de polaridade com acetato de etila (AcOEt)
(0-100%). Assim foram obtidas as sub-fragdes I, J, K, L, M, N, O e P.
Cada sub-fragdo e as suas misturas poucas complexas entdo foram
cromatografadas sobre silica gel CC (230-400 mesh) e cromatografia
liquida de média pressdo com coluna Lobar Si 60 (Merck)
respectivamente, com eluentes de gradiente de hexano-acetona ou
acetato de etila. Da sub fracdo K, HB 15 foi isolado e D 17, D 19, HB
21, HB 22 foram isoladas e identificadas da sub-fracdo M, sendo que
D19 ¢ uma mistura de substancias da qual escopoletina e vanilina (HB
23 e HB 24 respectivamente) foram identificadas. As substancias foram
elucidadas através de ressonancia magnética nuclear (RMN) 1H, 13C e
2D, pelo espectrometria de massas e em comparagdo com dados ja
publicados em literatura.

FOLHAS frescas triturados
de M.brasiliense (5 Kg)
Maceracao com etanol bidestilada
Eliminagao do etanol em 8L
rotaevaporador

Particdo liquido-liguido, extrato diluido com 1/3 H20
1

1 1 1

Uma aliquota concentrada & secura para testes
farmacoldgicos: SNC, cardiovascular e

Fragdo Fragdo Fragdo Fragdo Aquoso
Hexano (H) Diclorometano Acetato de etila liofilizada
(16g) (DCM) (4 g) (AE) (13g) (8a¢g)

Cromatografias em coluna (silica 230-400 mesh) hexano e gradiente
diclorometano [CHLCI,) (0-70% CH,Cly) e subsequentemente  usando [CH,Cly e gradiente de
polaridade com acetato de etila [AcOEY) (0-70%) gerando sub-fragdes |- P.

I I I I I I T I
L JLe JL e J[m ][ J[e e ]

HB15 HB 21 HE 22
(6 mg) 15 mj 4 m
D17 D19

(100 mg) (105 mg)

Figura 35 Etapas para isolamento das substancias da fragdo diclorometano
de Hedyosmum brasiliense.

de polaridade com




5.2.21 Substancia HB 21 (15-Hidroxi-isogermafurenolideo).

O espectro de hidrogénio de HB 21(Figura 36) apresentou
sinais parecidos com a substancia H622. Observou-se um duplo-duplete
em 6 5,35 (J = 1,5 Hz; 1,5 Hz) e um simpleto largo em & 5,00 que foi
atribuido a H-3a e H-3b respectivamente. Apresentou ainda um simpleto
em o 1,18 (3H) que indica a presenga de uma metila. Os sinais em
5,03, duplo-duplete (1H, 0,6 Hz e 10,7 Hz) ¢ 6 4,99, duplo-duplete (1H,
0,6 Hz e 17,4 Hz) foram atribuidos aos H-2a e H-2b respectivamente.
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Figura 36 — Espectro de RMN 'H de HB 21 (400 MHz; CDCls).
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Figura 36a — Espectro de RMN 'H de HB 21, ampliado na regido 85,40 a
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Observou-se ainda um duplo-duplete em 5,69 ppm (1H; 10,7
Hz e 17,4 Hz) que foi atribuido a H-1. O espectro também apresentou
um multipleto em 6 4,85 (1H) (Figura 36d) que corresponde um
hidrogénio proximo a um oxigénio e foi atribuido a H-8. Ainda
apresentou sinais desblindados em 4,09 ppm e 4,00 ppm que foram

atribuidos ao
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Figura 36b — Espectro de RMN 'H de HB 21, ampliado na regido 85,05 a
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Espectro de RMN 'H de HB 21, ampliado na regido 85,77 a
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spectro de carbono (Figura 37) apresentou 15 carbonos

indicando um sesquiterpeno. Observou-se carbonos tipicos de y-lactona,
a, B, insaturada que foram identificados como carbonila (6 174,7), B-

carbono (6 1

61,5), a-carbono (6 120,4) e y-carbono (6 77,8).
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Figura 36d — Espectro de RMN 'H de HB 21, ampliado na regido 84,90 a
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Figura 37 — Espectro de RMN "C de HB 21 (100 MHz; CDCl5).

Além disso, foi observado um sinal em & 67,2 indicando um
carbono carbindlico. O espectro ainda apresentou sinais em & 112,6; &
112,7; 6 145,9 e & 148,8 que indicam carbonos tipicos em sp2 assim
apresentando mais duas insaturagdes. Sua formula molecular ¢
C15H5003, tendo seis como o seu grau de insaturag@o. Os dados de He

C e as suas correlagdes de HMQC proporcionaram a elucidagdo da
substdincia HB 21 como um elemanolideo, 15-hidroxi-
isogermafurenolideo. Os dados obtidos sdo apresentados no quadro 9 e
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comparados com os dados de 15-acetilisogermafurenolideo (H622).
Pode-se observar que ha semelhangas nos dados exceto os dados do
carbono 15 e a falta dos carbonos 16 ¢ 17 na substancia HB 21.

Quadro 9. Dados de RMN 'H e "*C e 2D da lactona HB 21 em comparagio

com H622.

POSICAO Dados de HB 21 Dados de H622
'H (ppm), J (Hz) [ C (ppm) | 'H (ppm),J (Hz) [ C (ppm)

1 5,69 dd (10,7, 17,4) 145,9 5,69 dd (10,7, 17,4) 145,7

2 5,03 dd (0,6; 10,7) 112,7 5,05 dd (0,5; 10,7) 113,1
4,99 dd (0,6; 17,4) 5,00 dd (0,5; 17,4)

3 5,35dd (1,5; 1,5) 112,6 5,32 dd (1,3; 1,3) 1153
5,00 s/ 5,05 s/

4 148.,8 143,6

5 2,11 dd(4,3;13,1) 47,9 2,09 m 48,6

6 2,70 dd (4,24, 14,52) | 28,9 2,71 dd (4,24,14,52) 28,9
2,60 dd (14,52) 2,58 dd (14,52)

7 161,5 161,8

8 4,85 m 77,8 4,85 m 78,0

9 2,23 dd (6,2; 12,4) 45,5 2,23 dd (6,03, 12,33) 45,6
1,36 dd (12,0, 12,2) 1,36 dd (12,2)

10 40,8 40,7

11 1204 1204

12 174,7 175,1

13 1,82 dd 3H (1,6; 1,6) | 8,3 1,83 dd3H (1,6; 1,7) 8,2

14 1,18 s 3H 16,4 1,18 s 3H 16,6

15 4,09 d (14,0) 67,2 4,48 s 2H 68,0
4,00 d (14,0)

16 171,0

17 2,1 s 3H 20,9

O espectro de massas de alta resolu¢ao (ESI, modo positivo)
apresentou um ion molecular 249,1484 com ions filhos em m/z 231, 185




e 157 (Figura 38) podendo representar a. perda de H,O, de H,O ¢ CO e
eteno respectivamente. Com estes dados a HB 21 foi proposta como 15-
hidroxi-isogermafurenolideo.
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Figura 38 — O Espectro de Massas de HB 21 de alta resolucdo (ESI, modo
positivo) full scan.
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Figura 39 — Estrutura da substancia HB 21.
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5.2.2.2 Substincia HB 22 (Acido 3-metoxi-4-hidroxibenzoico)

O espectro de hidrogénio de HB 22 (Figura 40) apresentou
sinais de uma substincia fenolica com deslocamentos em 6 7,56 (d, J =
1,9),8 6,91 (d,J=8,3) e 6 7,63 (dd, J = 8,3; 1,9). Ainda apresentou um
simpleto em 3,94 ppm (3H) que corresponde um grupo metoxila.

O espectro de carbono apresentou seis sinais aromaticos, sendo
que trés sdo substituidos (121,9 ppm, 146,7 ppm e 150,9 ppm) e os
outros trés hidrogenados (112,3 ppm, 115,1 ppm e 124,1 ppm). Ainda
apresentou um sinal em & 168,9 que corresponde uma carbonila e o
outro sinal em d 58,1 indicando um carbono ligado a um oxigénio. Os
dados obtidos foram comparados com dados na literatura e foi possivel
confirmar a substincia como acido 3-metoxi-4-hidroxibenzoico.
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Figura 40 Espectro de RMN 'H de HB 22 (400 MHz, CDCl).

Fendlicos s3o metabolitos secundarios que sdo amplamente
distribuidos no reino vegetal, e que possuem um ou mais anéis
aromaticos com um ou mais grupos de hidroxilas. Estas substancias sdo
reconhecidos pelas suas propriedades antioxidantes e pelos seus efeitos
marcados na preven¢o de doengas associadas a estresse oxidativa como
cancer (Dai e Mumper, 2010). Acido 3-metoxi-4-hidroxibenzoico também
conhecido como acido valinico foi isolada pela primeira vez do extrato
hidroalcodlico de Hedyosmum brasiliense. O quadro 10 mostra os dados
de RMN em comparagdo com Teke et al., (2010).



Quadro 10 Dados de RMN 'H e "*C da substancia HB 22 em comparagio
com literatura.

POSICAO | 'H (ppm),J (Hz) | *C Teke et al., (2010)
(ppm) 500 MHz e 125 MHz
(CD;0CD;)
'H(ppm), J (Hz)  C (ppm)
1 121,9 121.9
2 7,56 d (1,9) 112,3 7.57 s 1H 112.5
3 146,7 147.1
4 150,9 151.1
5 6,91d(8,3) 115,1 6.93 d1H 114.9
(8.0)
6 7,63 dd 1H (8,3; 124,1 7.61 d 1H 123.9
1,9) (8,0)
7 168,9 166.5
OMe 3,94 s 3H 58,1 55.3
(0] OH

Acido 3-metoxi-4-hidroxibenzoico

~

o)

OH

Figura 41 Estrutura da substancia HB 22.
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5.2.2.3 Substﬁncias HB 15 (Ester Etilico do 4cido linolénico e
Ester Etilico do acido linoleico).

O espectro de hidrogénio (Figura 42) apresentou um tripleto em
5 0,98 (3H) e o outro em 6 0,90 (3H) que representam metilas terminais
tipicas. Estes foram atribuidos aos H-18 do ester etilico do acido
linolénico e do ester etilico do acido linoléico respectivamente. Em &
5,37 foi observado um sinal com integracdo de 10 hidrogénios que
representam hidrogénios em sp2 . Seis destes hidrogénios foram
atribuidos aos H-9, H-10, H-12, H-13, H-15 ¢ H-16 do ester etilico do
acido linolénico e o restante foram atribuidos aos H-9, H-10, H-12 ¢ H-
13 do ester etilico do 4cido linoléico. Ainda, o espectro apresentou um
sinal em & 4,12 (4H) que correspondem hidrogénios ligados a oxigénio
sendo que dois dos hidrogénios pertencem o grupo carbindlico do ester
etilico do acido linolénico e os outros dois, ester etilico do acido
linoléico.

O espectro de carbono (Figura 43) apresentou dez carbonos
tipicos de carbonos em spz. Sendo que o 130,3; 6 127,7; & 128,3, 6
128,3; 6 127,1 € 6 132,0 foram atribuidos aos C-9, C-10, C-12, C-13, C-
15 e C-16 respectivamente para ester etilico do acido linolénico. Os
outros, 6 130,1; 6 128,0; 6 129,7 ¢ 6 130,2 foram atribuidos aos C-9, C-
10, C-12 e C-13 respectivamente para ester etilico do 4cido linoléico.
Foi observado ainda sinais em 173,9 ppm e 60,2 ppm que sdo carbonos
que representam carbonila e carbono carbindlicos respectivamente. Os
dados de 'H e "°C foram comparados com Chang et al., (2000).
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Figura 42 Espectro de RMN de 'H de HB 15 (400 MHz; CDCL5).
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Figura 43 Espectro de RMN de °C de HB 15 (100 MHz; CDCly).

5.2.24 As substincias do D 19 (escopoletina e vanilina)

Fracionamento cromatograficas da sub-fragdo M produziu sub-
fragdes Ma, Mb, Mc, Md, Me, Mf, Mg, Mh, Mi, Mj and Mk. A
cromatografia em silica da sub-fracdo Mj com um gradiente de eluente
de diclorometano e acetato de etila (9:1 a 3:7) proporcionou o
isolamento de D19 que ao avaliar na Cromatografia de camada delgada
(CCD) revelada com reagente natural apareceu uma mancha amarelo
indicando a presen¢a de uma substancia fenolica (Figura 44).

A B [4 D E F G H
19 19 19 19 19 19 19 19

Figura 44 Cromatografia de camada delgada mostrando D 19
Eluente: Hexano:Acetona (6:4) revelador — Reagente Natural
Rf=0,38.
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Mas apo6s a andlise dos dados de espectroscopia de RMN (1D e
2D) observou-se que ndo era s6 uma substancia, mas a mistura de varios
fenolicos,. dos quais foram possivel identificar duas substincias. O
espectro de proton (Figura 45) apresentou sinais tipicos de fendlicos em
8 7,63; 6 7,61; 6 7,43; 6 7,34; & 7,00; 6 6,92; 5 6,90; 6 6,88; 5 6,85;
6,28.entre outros (Figura 45a).
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Figura 45 Espectro de RMN 'H de D 19 (400 MHz, CDCl;).
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Figura 45a Espectro de RMN 1H de D 19, ampliado na regido & 7,80 a & 6,20.



Observou-se ainda sinais de simpletos na faixa de 6 4,08 a 6 3,91
(Figura 45b) que integram para seis hidrogénios ou trés hidrogénios
indicando a presenga de provaveis grupos de metoxilas.
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gura 45b Espectro de RMN 'H de D 19, ampliado na regido 6 4,10 a
3,80.

Observou-se também um sinal em & 9,75 (1H) que ¢ um sinal

caracteristico de um hidrogénio de aldeido. Com as correlagdes de
HMQC (Figura 47), HMBC (Figura 48) ¢ em comparagdo com dados na
literatura foi possivel identificar duas substancias como a Escopoletina
(Vasconcelos et al., 1998) e Vanilina (Sun et al., 2001). Os quadros 11 e 12
mostram os dados de RMN obtidos em comparagdo com os dados na
literatura para a confirmacao destas substancias.

O—
HO 0} o
\ OH

Escopoletina Vanilina

\O

Figura 46 Estruturas das duas substancias elucidadas de D19.
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Figura 47 Mapa de HMQC da substancia D19.
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Quadro 11 Dados de RMN 'H e "°C de Escopoletina (400 MHz e 100 MHz,
CDCl3) em comparag@o com literatura.

POSICAO | 'H Bc Escopoletina (7-hydroxy-6-
(ppm), (ppm) methoxycumarin)(Vasconcelos et al., 1998;
J (Hz) 300 and 75 MHz, CDCl;)
'H (ppm), J (Hz) "C (ppm)
2 161.7 161.5
3 6.27d 1133 6,28 d 1H (9,5) 113.4
.4
4 7.62d 143.5 7.60 d 1H (9,5) 143.3
9.4)
5 6.85s 107.5 6.85s 1H 107.4
1H
6 144.2 144.0
7 a 149.7 6.17 s 1H (OH) 150.2
8 6.92 s 103.2 6925 1H 103.2
1H
9 150.5 150.2
10 111.5 111.5
OMe 3955 56.6 3.96s3H 56.4
1H

* ndo observado no espectro

Quadro 12 Dados de RMN 'H e "°C de vanilina (400 MHz ¢ 100 MHz,
CDCLy).

POSICAO 'H (ppm), J (Hz) C (ppm)
1 129,9
2 7,34 dd 1H(8,1; 1,9) 126,1
3 7,00 d 1H(8,1) 115,1
4 150,8
5 144,5
6 7,43 d 1H (1,9) 114,4
7 9,75 1912
OMe 3,94 5 3H 56,6
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Cumarinas sdo substincias fendlicas que sdo encontradas em
varias plantas e sdo compostas pela fusdo dos anéis benzilico e a-pirona
(Hoult e Payat, 1996). Escopoletina ¢ conhecida também como 7-hidroxi-
6-metoxicoumarina  Recentemente, atividade antidepressiva de
escopoletina foi avaliada pelo Capra ef al., (2010) onde teve atividade
sobre os sistemas serotonergicas, noradrenergicas e dopaminérgicas. A
presenca de escopoletina nesta espécie podendo ser uma das substancias
responsaveis pelo seu uso como calmante.

A vanilina um fenolico, ¢ um dos principais componentes da
baunilha, o aromatizante mais popular usado por varios séculos (Sun et
al.,, 2001). Haridas Nidhina et al., (2011) relata a sua capacidade de
induzir diferenciacdo celular de préadipocitos murinos (3T3-L1) em
adipocitos, os quais mostraram sensitividade a insulina e demonstraram
aumento significativa na absor¢io de glicose. E pela primeira vez que
uma cumarina e vanilina estdo sendo relatadas para esta espécie.

5.2.2.5 Substancia D17 (identificado com 13-Hidroxi-8,9-
diidroshizukanolideo — 13HDS).

A substancia D17 foi obtida como uma mancha (contaminada
com clorofila) na cromatografia de camada delgada (CCD) que extingue
na luz UV e revela-se com a anisaldeido sulftrico adquirindo uma cor
marrom. O Rf observado pareceu-se com o Rf do H5 (13HDS), o
lindenanolideo isolado da fragdo hexano. Por isso foi necessario avalia-
la na CCD com a substancia H5 (13HDS). Apos a avaliagdo, a
substancia D17 foi realmente constatada como 13HDS. As figuras 49 e
50 mostram as cromatogramas da substancia D17 em comparag@o com a
13HDS. A figura 51 mostra a presenca das substancias H5 e D17 nas
fragdes hexano (FH) e diclorometano (FD).



Eluente — hexano:acetona (8:2)

Revelador: Luz ultravioleta (254 nm)

Figura 49 Cromatograma de H5 e D17.

Eluente — hexano:acetona (7:3)

Revelador: anisaldeido
sulfdrico e aquecimento

HS D17

Figura 50 Cromatograma de H5 e D17.

Eluente — hexano:acetona (8:2)

Revelador: anisaldeido
sulfurico e aquecimento

H FO WS D17

Figura 51 Cromatograma de H5, D17, FH e FD.
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5.3 Identificaciio dos principais marcadores no extrato em
CLAE de fase reversa.

Os marcadores isolados de Hedyosmum brasiliense: H3
(podoandina), H5 (13-hidroxi-8,9-shizukanolideo) ¢ HB 212 (1-hidroxi-
10,15-metilenopodoandina)., e o extrato bruto (macho e fémea), foram
analisados como descrito no item 4.5.

A idéia de andlise do extrato bruto macho e fémea surgiu
filosoficamente pelo fato que os hormodnios responsaveis pela
diferenciacdo sexual em seres humanos sdo diferentes; por exemplo
estrogénio em sexo feminino e testosterona em sexo masculino e por
isso poderia ter diferengas nos marcadores quimicos nos sexos desta
espécie. Alguns horménios identificados no reino vegetal sdo as auxinas
e as giberelinas. As auxinas sdo reconhecidas como os promotores de
feminilidade em flores didicas. S@o sintetizados do aminoéacido
triptofano e a principal auxina na maioria das plantas ¢ 4cido
indolacético (Figura 52), que é um alcaloide. J& as giberelinas sdo
responsaveis pela inducdo de masculinidade em flores didicas,
sintetizados do 4cido mevalonico e a principal giberelina disponivel é o
acido giberélico (Figura 51), que ¢ um diterpeno (Davies, 1990).

’\
(e}

~lllOH
HO

OH HO o)
Acido indoleacético Acido giberélico
Figura 52 Estrutura quimica de dois tipos de hormonios em plantas.

A andlise das folhas (macho e fémea) em cromatografia de alta
eficiéncia (CLAE) mostrou perfis cromatograficos semelhantes (figura
53). Entretanto outros métodos e detectores podem ser explorados para
poder afirmar ou n2o a semelhanga dos constituintes nos extratos.



Foi possivel identificar as substancias isoladas H3 (podoandina, 1), H5
(13-hidroxi-8,9-shizukanolideo, 2) e HB 212 (1-hidroxi-10,15-
metilenopodoandina, 6) no extrato bruto. 1 mg de cada substancia foi
dissolvido em 10 ml de alcool 70% e analisado pelo método em item
4.5. Os tempos de retencdo foram obtidos e comparados com o
cromatograma do extrato bruto. Este método entdo possibilitou a
identificagdo destes marcadores quimicos, que s3o lactonas
sesquiterpénicas, no extrato (Figura 54).

2305

1385

Macho
438595

Femea

Figura 53- Perfil cromatografico do extrato das folhas (macho e Fémea) de
Hedysosmum brasiliense. Condigdes cromatograficas item 4.5.

43.95
23.95 1 6
3.95
-16.05
o 5 10 15 20 25 30 35 40 45 50
Figura 54: Cromatograma de Hedyosmum brasiliense com detec¢do em 260

nm. 1. Podoandina; 2. 13-hidroxi-8,9-diidroshizukanolideo; 6. 1-hidroxi-10,15-
metilenopodoandina. Condi¢des cromatograficas item 4.5.
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54 Atividades Farmacologicas
5.4.1 Atividade no Sistema Nervoso Central

Um dos usos populares de Hedyosmum brasiliense ¢ como calmante.
Por isso o estudo do seu efeito sobre o sistema nervoso central vem
sendo estudado. Nossos resultados mostraram que o extrato etandlico e
um dos compostos isolados, (podoandina), apresentaram atividades
psicofarmacologicas, como efeitos ansiolitico, antidepressivo e
hipnoético em roedores. Estes efeitos foram constatados usando modelos
farmacologicos tipicos como teste de campo aberto, tempo de sono
induzido pelo barbituricos, teste de cruz elevado e teste de nado for¢ado
(Tolardo et al., 2010). Devido a tais resultados, outros estudos foram
realizados para explorar os mecanismos pelos quais o extrato e a
podoandina exibiam suas atividades antidepressivas. Através do teste de
nado for¢ado, confirmou-se que o mecanismo de ag¢do da-se através das
vias adrenérgicas, dopaminérgicas e serotonérgicas (Gongalves et al.,
2011, submetido, em anexo).

5.4.2  Atividade no Sistema Cardiovascular

A atividade vasodilatadora do extrato bruto, podoandina ¢ 13HDS foi
avaliada nos anéis adrticos de camundongos. Os anéis adrticos foram
montados em uma solu¢do nutritiva e foram pré-contraidos com
fenilepinefrina (1 uM). Apds, uma curva de resposta com varias
concentracdes das substancias foi realizada. A Figura 55 mostra que o
extrato bruto, Podoandina e 13HDS atenuaram a contragdo nos anéis
aorticos induzida pela fenilepinefrina, assim mostrando atividade
vasodilatadora. Mais estudos estdo sendo conduzidos para identificar o
mecanismo de agdo destas substancias e do extrato.
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Figura 55 A curva de resposta das concentragdes das substancias. E+ Anéis
aorticas com endotélio e E- Anéis aodrticas sem endotélio.

5.4.3 Atividade Antibacteriana

As lactonas sesquiterpénicas, H622 (15-acetil-isogermafurenolideo),
HB212 (1-hidroxi-10,15-metilenopodoandina) e HB 21 (15-hidroxi-
isogermafurenolideo) foram avaliados invitro para atividade
antibacteriana contra  Mycobacterium  tuberculosis H37Rv com
isoniazida como padrdo, ndo apresentando atividade. A metodologia do
ensaio esta descrito em Amoabh et al., (2011 submetido em anexo).

69



6. Conclusdes

Foram isoladas e identificadas da espécie Hedyosmum brasiliense 13
substancias. Dessas, quatro s2o inéditas na literatura e pertencem a
classe das lactonas sesquiterpénicas (H622, HB 212, HL 33 ¢ HB 21);
seis pela primeira vez estdo sendo descritas para a espécie
(monoglicerideo de 4cido estearico, ester etilico do acido linolénico,
ester etilico do acido linoleico, acido 3-metoxi-4-hidroxibenzoico,
escopoletina e vanilina), e trés (podoandina, 13-hidroxi-§,9-
diidroshizukanolideo e B-sitosterol) foram descritas previamente para a
H. brasiliense.

A caracterizacdo destas lactonas no extrato confirma a importincia
destas substdncias como marcadores quimicos desta familia
Chloranthaceae.

A substancia HS pode ser encontrada na fragdo hexano e na fracdo
diclorometano do extrato etanolico.

Quanto aos testes bioldgicos, a podoandina apresentou atividade
antidepressiva, com mecanismo de acdo através das vias adrenérgicas,
dopaminérgicas e serotonérgicas.

O extrato etanolico, podoandina e 13HDS parecem ter atividade
vasodilatadora e por isso, mais estudos devem ser feitos para identificar
0 mecanismo de a¢3o.

As lactonas H622, HB 212 e HB ndo tém atividade contra
Mycobacterium tuberculosis.



7. Perspectivas
Como perspectivas mais estudos podem ser feitos para explorar os

extratos brutos macho e fémea. Ainda, mais andlises fitoquimicas
podem ser feitas para explorar as fragdes acetato de etila e aquosa.
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Anexo 1

ESPECTROS DE NOE E EXSY DA SUBSTANCIA HL 33
(BRASILIENSOLIDEO)



Espectro de NOE de HL 33 irradiado em 4,10 ppm.
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Espectro de NOE de HL 33 irradiado em 5,93 ppm.
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Espectro de NOE de HL 33 irradiado em 0,97 ppm
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Espectro de NOE de HL 33 irradiado em 3,04 ppm.
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Espectro de EX-SY substancia HL 33 (Brasiliensolideo)

®» o » v o
F1 Chemical Shift (ppm)

4 3
F2 Cherrical Shift (ppm)

Espectro de EX-SY substancia HL 33 mostrando a troca entre
0,97 ppm e 0,57 ppm.
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Hedyosmum brasiliense Miq. is an endemic, aromatic arborescent shrub,
and is the only representative of Chlorantaceae in Brazil. There have been
few studies that seek to determine its chemical composition and/or
pharmacological effects. This work describes five new compounds,
including two guaianolides, two elemanolides and a dimeric lindenanolide,
which were tested against Mycobacterium tuberculosis, together with
podoandin and onoseriolide, and some widespread phenolics. All the
structures of the isolated compounds were determined based on extensive
analysis of 1D and 2D NMR and MS data, as well as comparison with the
published data. The new compounds found were: 1,2-epoxy-10c-hydroxy-
podoandin, 1-hydroxy-10,15-methylenepodoandin, 15-acetyl-
isogermafurenolide, 15-hydroxy-isogermafurenolide and brasiliensolide —
which is the first dimeric sesquiterpenolid identified in the Hedyosmum
genus. The phenolic compounds isolated were scopoletin, vanillin, vanillic
acid, protocatechuic aldehyde and ethyl caffeate. The isolated sesquiterpene
lactones, at concentrations in the range of 1-30 uM, did not show in vitro
anti-mycobacterial activity, since M. tuberculosis cultures exposed to the
Hedyosmum brasiliense-derived substances kept growing but were sensitive

to isoniazid, an antibacterial agent.
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Hedyosmum brasiliense Miq. is an aromatic arborescent shrub, commonly
known as “Cidrdo”, a species of the largest genus of the primitive
angiosperm Chloranthaceae family, which is neotropical except for one
Asian species (H. orientale). H. brasiliense is endemic to Brazil, where it is
the sole representative of Chloranthaceae.' Although widely used as a
calmative, hypnotic, antidepressant, stomachic and aphrodisiac, and to treat
migraine and diseases of the ovary,™® there have been few studies to
determine its chemical composition and validate its pharmacological effects.
Only its antinociceptive effect’ was investigated previously in our series of
investigations, including analysis of the essential oil composition and
antimicrobial activity,” neurochemical properties of the ethanol extract, its
fractions, and the antidepressant effect of isolated sesquiterpene lactones
(onoseriolide or 13-hydroxy-8,9-dehydroshizukanolide and podoandin).®
However, there are a series of studies on other species of this genus,

focusing mainly on the essential oil composition’"" and the isolation of

sesquiterpene lactones, guaianolides and lindenanolides.'*"”
This work describes five new compounds: two guaianolides, two
elemanolides and a dimeric lindenanolide, which were tested against

Mycobacterium tuberculosis, together with podoandin and onoseriolide, and

some widespread phenolics.
Results and Discussion

All structures of isolated compounds from Hedyosmum brasiliense were

established based on extensive 1D and 2D NMR and MS analysis.
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Compound 1 was identified as the guaianolide podoandin 1 after, comparing
its spectrometric data with those reported in the literature. The '"H NMR
spectrum of 1 showed methyl signals at 1.79 ppm (H-13 and H-14) and 1.85
ppm (H-13), and methine hydrogens at 5.29 (H-3), 2.87 (H-5) and 4.55 ppm
(H-8). The “C{'H} NMR spectrum of 1 showed 15 carbon signals,
comprising three a-methyl olefins, one of which was strongly shielded due
to the anisotropic effect of a vicinal lactone carbonyl 8.3 (C-13), 21.9 (C-
14), 14.9 ppm (C-15)], six additional olefin signals at 140.7 and 124.3 (C-3
and C-4) and 142.9 and 122.7 ppm (C-1 and C-10), and typical signals of a
o,B-unsaturated y-lactone [174.3 (carbonyl), 121.3 (a-carbonyl), 163.5 (B-
carbonyl) and 79.3 (y-Carbonyl). Podoandin (1) is an abundant guaianolide
previously found in H. brasiliense,® as is compound 2 (the lindenanolide
onoseriolide). Compound 2 was identified by comparison of its
spectrometric data with those described in literature.*®

Compound 3 was obtained as a colorless gum, with molecular formula
C5H,304, as determined by HRESIMS (observed m/z 263.1263 [M + H*])
and NMR data. The 'H and ">C NMR spectra of 3 (Table 1) were similar to
those of podoandin (1), indicating the presence of a guaianolide. The signals
at 1.63, 1.84 and 1.93 ppm were attributed to the methyl groups H-15, H-13
and H-14, respectively. According to single bond 'H-">C correlations from
the HSQC NMR experiment, these hydrogens are directly bonded to the
carbons at 20.6, 8.4 and 15.6 ppm (C-15, C-13 and Cl14), respectively
(Table 1). A double quartet (2.8 and 1.5 Hz) at 4.40 ppm was also observed
in the '"H NMR spectrum, which according to the HSQC experiment, is

bonded to the carbon at 79.9 ppm (C-2). The locations of the methyl groups
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were established by long-range 'H-"*C correlations from the HMBC NMR
experiment. The methyl hydrogens at 1.63 ppm (H-15) showed correlation
with the carbons at 74.5 (C-10) and 59.7 ppm (C-1), suggesting the presence
of a hydroxyl and an epoxy group in the structure. The methyne hydrogen
(H-2) at 4.40 ppm showed correlations with the oxygenated carbon at 74.5
ppm, as well as with the olefin carbons at 127.2 and 149.6 ppm (C-3 and C-
4, respectively). The overall analysis of 1D and single-bond and long-range
'H-">C experiments enabled the structure to be fully elucidated, and
complete and unambiguous 'H and *C NMR chemical shift assignments of
3 to be performed (Table 1). The ESI(+)-MS/MS ion fragmentation
experiments at m/z 263 showed mainly daughter ions at m/z 245, 227, 199,
171 and 156, which represents two consecutive losses of water, to form the
ion fragments at m/z 245 and 227, respectively, followed by two consecutive
losses of CO, to form the ion fragments at m/z 199 and 171. After the loss of
a methyl group, the ion fragment was produced at m/z 156. Therefore,
compound 3 was identified as a new guaianolide, named 1,2-epoxy-10-
hydroxy-podoandin.

Compound 4 was also obtained in the form of a colorless gum, with
molecular formula Ci5sH;303, as determined by HRESIMS (observed m/z
247.1309 [M+H]") and NMR data. The 'H and "*C{'H} NMR spectra of 4
(Table 1) were similar to those of podoandin (1) and 1,2-epoxy-10-hydroxy-
podoandin (3), indicating the presence of another guaianolide. The main
difference observed in the "H NMR spectrum of 4 was the presence of two
signals at 5.29 and 5.39 ppm (H-15a and H-15b) replacing one of the methyl

signals in 1. Both of these hydrogens showed correlation with the same
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carbon at 118.3 ppm in the HSQC NMR experiment, indicating the presence
of an exocyclic double bond in 4. However, the methyl signals at 1.84 (H-
13) and 1.85 ppm (H-14) remained, showing a correlation, in the HSQC
NMR experiments, with the carbons at 7.8 (C-13) and 15.1 ppm (C-14),
respectively, which is characteristic of methyl groups attached to olefins, as
in podoandin (1) and 1,2-epoxy-10-hydroxy-podoandin (3). Both methylene
hydrogens at 5.29 and 5.39 ppm showed long-range 'H-"*C correlation in
the HMBC NMR experiments with a carbon at 85.1 ppm, indicating the
presence of a vicinal oxygenated carbon in C-1, which was confirmed by the
long-range 'H-"C correlations observed for the hydrogens H-5, H-6 and H-
9 (Table 1). Extensive analysis of 1D and single-bond and long-range 'H-
13C experiments was helpful in the complete structure elucidation of 4, as
well as enabling the complete and unambiguous 'H and '*C NMR chemical
shift assignments to be performed (Table 1). The relative configuration of 4
was deduced based on 1D NOE experiments. The selective irradiation of
resonance frequency of H-8 at 4.65 ppm caused a NOE enhancement in the
signal of hydrogens H-15a and H-15b at 5.29 and 5.39 ppm, as well as in
the signals of hydrogens H-6 ax and H-9 eq at 1.76 and 2.98 ppm,
respectively (Figure 2). Selective irradiation of the resonance frequency of
hydrogen H-6 eq at 2.65 ppm showed NOE intensification in the signal of
hydrogen H-5 signal at 2.28 ppm, and conversely, irradiation at 2.28 ppm
showed NOE intensification in the hydrogen H-5 signal at 2.65 ppm
revealing the relative configuration of 4 shown in figure 2, which is in
agreement with similar guaianolide structures described in the literature.'®"”

The ESI(+)-MS/MS experiments of ion at m/z 247 showed a similar profile
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of fragmentation to that observed for 3, with mainly daughter ions at m/z
229, 211, 201, 183 and 173. These fragments represent an initial loss of
water in order to produce the ion fragment at m/z 229. Subsequently, this
fragment may suffer another loss of water followed by a loss of CO to form
the ion fragments at m/z 211 and 183, respectively, or it may first suffer a
loss of CO followed by a loss of water to form the ion fragment at m/z 201
and the same ion fragment at m/z 183. Alternatively, the ion fragment at m/z
201 may suffer a loss of CO to form the ion fragment at m/z 173. Therefore,
compound 4 was established as a new guaianolide named 1-hydroxy-10,15-
methylenepodoandin. Other guaianolides, such as hedyosminolide,
hedyosumins or hedyosmum, have recently been found in the Hedyosmum
species. 21819
Compound 5 was obtained as a colorless gum, with the molecular formula
C17H204, as deduced by HRESIMS, (observed m/z 291.1590 [M+H]") and
NMR data. The "H NMR of 5 showed two methyl signals at 1.18 (H-14) and
1.83 (H-13) ppm as well as a third signal at 2.11 ppm that showed long-
range 'H-Bc correlations, in the HMBC NMR experiment, with a carbon at
171.0 ppm, indicating the presence of an acetate group in 5. A series of
signals characteristic of olefinic hydrogens was also observed in the 'H
NMR spectrum. The hydrogens at 5.00 (dd 17.4 and 0.5 Hz, H-2b) and 5.05
(dd 10.7 and 0.5 Hz, H-2a) ppm showed single-bond 'H-"C correlation, in
the HSQC NMR experiments, with the same carbon at 113.1 (C-2) ppm,
while the hydrogens at 5.06 (H-3a) and 5.32 (H-3b) showed correlation, in
the HSQC NMR experiment, with the same carbon at 115.3 (C-3) ppm,

indicating the presence of two olefinic methylenes. A fifth signal at 5.68 (dd
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17.4 and 10.7 Hz, H-1) showed single-bond 'H-">C correlation with the
carbon at 145.5 (C-1) ppm characterizing an isolated olefin group. The
methyl hydrogens at 1.83 ppm, which were attached to C-13 at 8.3 ppm,
according to the HSQC NMR experiment, showed long-range 'H-'>C
correlations with the carbons at 120.4 (C-11), 161.7 (C-7) and 175.1 ppm
(C-12), characterizing a lactone ring. The methyl hydrogens at 1.18, which
were attached to C-14 at 16.5 ppm, according to the HSQC NMR
experiment, showed correlations, in the HMBC NMR experiment, with the
carbons at 40.7 (C-10), 45.5 (C-9) and 145.5 (C-1). The methylene
hydrogens at 4.48 ppm, that are attached to C-15 at 67.9 ppm, according to
HSQC NMR experiment, showed correlations in the HMBC NMR
experiment with the carbons at 48.6 (C-5), 143.7 (C-4), 115.3 (C-3), as well
as with the carbon at 171.0 ppm, assuring the position of the acetyl group in
5. These features enabled us to establish the presence of an elemanolide.
The overall analysis of 1D and 2D NMR data enabled the complete structure
of 5 to be elucidated, and the complete and unambiguous determination of
'H and "*C NMR chemical shift assignments of 5 to be performed (Table 2).
The relative configuration of 5 was established based on 1D NOE NMR
experiments. The selective irradiation of the resonance frequency of the
methyl hydrogens at 1.18 ppm (H-14) caused a NOE enhancement in the
signals at 5.00 (H-2a), 5.06 (H-3a), 4.85 ppm (H-8), 2.23 (H-9 eq) and 2.58
(H-6 ax). All 1D NOE investigations led to the stereo structure of 5, as
shown in figure 2, which is in accordance with the stereostructure of the
previously isolated elemanolide isogermafurenolide.”” The ESI(+)-MS/MS

experiments for ion at m/z 291 showed mainly daughter ions at m/z 273,
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213, 185, 157 and 143, which represents consecutive loss of water, acetate,
CO, ethene and methane, respectively. Therefore, compound 5 was
identified as a new elemenolide, named 15-acetyl-isogermafurenolide.
Compound 6 was obtained as a colorless gum, with the molecular formula
Ci5sH2003, as deduced by HRESIMS, (mass observed in m/z 249.1484
[M+H]") and NMR data. The 'H and '*C NMR data of 6 were very similar
to those of 5 (Table 2), except for the absence of the acetyl group, which
was replaced by a hydroxyl at C-15 in structure 6, as well as by the shifting
of the methylene hydrogen signals to 4.00 and 4.09 ppm (H-15). The NMR
investigations enabled the complete structure of 6 to be elucidated, and its
complete and unambiguous 'H and '*C NMR chemical shift assignments to
be performed (Table 2). The ESI(+)-MS/MS experiments of ion at m/z 249,
showed a similar profile of fragmentation to that observed for 5, with
mainly daughter ions at m/z 231, 185 and 157, which represents the
consecutive loss of water, water plus CO and ethene respectively.
Therefore, compound 6 was established as a new elemenolide, named 15-
hydroxy-isogermafurenolide. Elemene derivatives have been found in
Hedyosmum essential oil,”"® but no elemenolide has been described from
this genus. Isogermafurenolide has been found in the essential oil of
Chloranthus spicatus,® as well as glycosylated elemanolides in Sarcandra
glabra,* which belong to the Chloranthaceae genera.

Compound 7 was obtained as a colorless gum, with the molecular formula
C30H370, according to HRESIMS, (mass observed in m/z 555.2211 [M-H]
) and NMR data. The 'H NMR spectra of 7 obtained in CDCl; at room

temperature (~295 K) showed very broad signals, indicating the occurrence
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of some dynamic processes. In contrast, when the '"H NMR spectra were
acquired at lower temperatures, the signals were sharpened. The lower the
temperature, the sharper the signals in the '"H NMR spectra. The Be('H}
NMR spectra showed two sets of signals with different intensities, with 15
signals in each, such as those at 150.5/151.6 ppm (C-4) and 106.3/106.5
ppm (C-15) indicating the presence of an exocyclic double bond, as in 2,
and those at 172.3/172.7 (C-12), 127.2/126.2 (C-11), 162.6/163.3 (C-7)
which are typical of a a,fB-unsaturatedy-lactone (Table 3), as in 1-6.
Exhaustive analysis of 'H, "*C{'H} NMR spectra and the single-bond and
long-range 'H-"C correlations from the HSQC and HMBC NMR
experiments (Table 3) revealed two completely independent sets of NMR
data, and led to the initial conclusion that there are two very similar
compounds in 7. The two sets of NMR data were similar to those found for
lindenanolide onoseriolide (2), except for the absence of a double bond in
C-8-C-9, which was replaced by two OH groups in compound 7. The OH
groups at C-8 and C-9 were established based on single-bond 'H-"*C
correlation of the hydrogens at 3.89/4.09 (H-9) ppm with the carbons at
77.2/75.9 ppm (C-9), as well as the long-range 'H-">C correlation with the
carbons at 104.6/106.0 ppm (C-8) (Table 3). This finding was supported by
the long-range 'H-""C correlations of the OH-9 and 9 at 4.59/6.07 with the
carbons at 104.8/105.9 (C-8), 76.6/78.3 (C-9) and 43.1/44.4 ppm (C-10) and
the correlations of the OH-8 and 8 at 6.29/6.44 with the carbons at
161.6/161.8 (C-7), 104.8/105.9 (C-8) and 76.6/78.3 ppm (C-9) when the

experiments were performed in acetone-ds.
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According to the NMR data, the molecular mass for the compound
was expected to be around 278 Da. However, both ESIMS and HRESIMS
investigations showed that 7 has a molecular ion with m/z 555.1 and
555.2211 [M-H] respectively, revealing that 7 has the molecular formula
C30H36010. This evidence was supported by daughter and precursor ion
ESIMS/MS experiments, performed at low and high resolutions. The
HRESIMS spectra showed a high intensity ion at m/z 277.1055, but the ion
precursor experiment revealed that this ion fragment was derived from the
ion at m/z 555.2211. Moreover, the HRESIMS/MS experiment of ion at m/z
555.2211 showed mainly the daughter ion at m/z 277.1055 and other ion
fragments with very low intensities. These observations led us to conclude
that 7 is composed of dimeric compounds. The ESI(-)MS/MS experiments
of ion at m/z 277 showed mainly ion fragments at m/z 259 and 215, which
represents loss of water, followed by loss of CO, respectively.

Although all the NMR data previously obtained showed two
independent sets of signals of different intensities, the hypothesis that these
are two very similar compounds was nevertheless considered. However,
when 1D NOE experiments were performed to obtain the relative
configuration, it was observed that selective irradiation at a specific
resonance frequency simultaneously affected its associated NMR frequency
on the other supposedly similar compound. To investigate this finding, an
EXSY NMR experiment was performed, which revealed that the all pairs of
hydrogens in the "H NMR spectra are mutually exchangeable, revealing that
7 is one compound, but with two mutually-exchangeable conformations

(Table 3). The configuration of C-9 was established by NOE experiments.
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The NOE correlations observed between H-14 and H-9 indicated a B-
configuration in C-9 and C-9’, as described for hydroxylated lindenanolides

. 2123
from Sarcandra.

Therefore, compound 7 was identified as a new
dimeric lindenanolide named brasiliensolide, described for the first time in
the literature, and the first dimeric sesquiterpenolid found for the genus
Hedyosmum. From the four genera found in Chloranthaceae, species of
Chloranthus and Sarcandra have presented dimeric lactones, but only
species of Chloranthus have been described as producing several lindenane
dimers.?*?® However, the hydroxyl is B-oriented in C-9 of the Chloranthus
dimers. The isolated sesquiterpene lactones, at concentrations of 1 to 30
uM, did not present in vitro anti-mycobacterial activity, since
Mpycobacterium tuberculosis cultures exposed to Hedyosmum brasiliense-
derived substances continued growing, but were sensitive to isoniazid, an
antibacterial agent. In spite of these results, some guaianolides,
germacranolides and eudesmanolides were reported to have important
inhibitory action against M. tuberculosis, with MIC ranging from 16 to 128

ug/ml 22

Experimental Section

General experimental procedures. Optical rotations were recorded on a
Jasco P-2000 polarimeter at 20°C. All the NMR data were acquired in
CDCl;3 at 295 for compounds 1-6 and in CDCl; and acetone-dg at 295-253 K
for compound 7, on Bruker AVANCE 400 and AVANCE III 400 NMR
spectrometers, both operating at 9.4 T, observing 'H and C nuclei at

400.13 and 100.61 MHz, respectively. The spectrometers were equipped
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with a 5 mm multinuclear direct detection probe with z-gradient or a 5 mm
multinuclear inverse detection probe with z-gradient. Single-bond and long-
range '"H-*C correlations from the HSQC and HMBC NMR experiments
were performed with the average coupling constants 'Jicm and "R
optimized for 140 and 8 Hz, respectively. 1D NOE experiments were
performed by selective excitation of each '"H NMR frequency and gradient
selection using the double-pulsed field gradient spin-echo (DPFGSE)-NOE
experiment with a constant mixing time of 300 ms. The 2D exchange
spectroscopy (EXSY) NMR experiment was acquired using a NOESY pulse
sequence with a mixing time of 300 ms, using the States phase-cycling
method in order to generate pure absorption phase signals. All 'H and 1°C
NMR chemical shifts (3) are given in ppm related to TMS as internal
reference at 0.00 ppm, and the coupling constant (/) in Hz. All the pulse
programs used were supplied by Bruker. The HRESIMS spectra were
carried out in the positive and negative ion modes, on hybrid Bruker
UltrOTOF-Q and micrOTOF-Q II mass spectrometers equipped with
electrospray ionization (ESI) sources.

Plant material. Aerial parts of Hedyosmum brasiliense Miq. Chloranthaceae
were collected in Antonio Carlos, Santa Catarina, Brazil, in October 2009,
and were identified by the botanist Dr. Ademir Reis. A voucher specimen
(2031) was deposited in the Lyman Bradford Smith Herbarium (UNIVALI,
Itajai - Santa Catarina).

Extraction and Isolation. Fresh leaves of H. brasiliense (5 Kg) were
extracted, at room temperature, with ethanol (bi-distilled) for 15 days. The

solvent was removed from the extract under reduced pressure and used to
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re-extracted the plant material. The resulting crude extracts, after solvent
removal, were combined (190 g) and kept in a desiccator under vacuum for
residual solvent removal. The extract was initially redissolved in H,O and
partioned with increasing polarity solvents, yielding n-hexane (16 g),
CH,Cl, (4 g), EtOAc (13 g) as well as residual aqueous fraction, which was
stored at -18°C.

Hexane fraction was submitted to flash silica gel (240-400 mesh) column
chromatography (CC) and eluted in a gradient system consisting of
increasing concentrations of CH,Cl, in n-hexane (0-70%, 200 ml) followed
by EtOAc in CH,Cl, (0-70%, 200 ml), yielding eight sub-fractions (A-H).
Sub-fraction A was purified by silica gel (230-400 mesh) CC, eluted with
increasing amounts of n-hexane in acetone (from 9:1 to 3:7) yielding
guaianolide (4, 10 mg) and B-sitosterol (64.5 mg). Re-crystallization of sub-
fraction B led to the isolation of guaianolide podoandin (1, 300 mg),
identified by comparison with previously spectrometric data described in the
literature.”” From sub-fraction C, 13-Hydroxy-8,9-dehydroshizukanolide or
onoseriolide (2, 40 mg) crystallized spontaneously and was identified by
comparing its spectrometric data with those reported in the literature.” Sub-
fraction E was fractioned by silica gel CC (240-400 mesh) eluted with n
hexane-acetone  (80:20) yielding sub-fractions EI-E4. Additional
chromatographic separation of sub-fraction E4 by charcoal, followed by
medium pressure (Lobar 240-10 Lichroprep Si 60 Merck) CC eluted with n-
hexane-EtOAc (80:20), resulted in a new dimeric lindenane sesquiterpene
lactone, named brasiliensolide (7, 4 mg). Sub-fraction F was subjected to

silica gel CC, eluted with n-hexane-CH,Cl,-acetone (4:5:1), yielding
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elemanolide 15-acetylisogermafurenolide (5, 35 mg) and monoglyceride of
stearic acid (30 mg).

Dichloromethane fraction was also subjected to flash silica gel (240-400
mesh) CC, to yield sub-fractions I-P. Sub-fraction K was submitted to
medium pressure (Lobar 240-10 Lichroprep Si 60 Merck) CC, yielding a
mixture of linolenic and linoleic acids, ethyl esters (6 mg). Sub-fraction M
was purified on silica gel CC, eluted with increasing concentrations of n-
hexane in acetone (from 9:1 to 3:7) yielding 11 new sub-fractions (M1-
M11). Sub-fraction M8 (111 mg) was further subjected to silica gel CC,
eluted with a gradient system of increasing concentrations of EtOAc in
CH,Cl, (from 9:1 to 3:7), which led to the isolation of 15-hydroxy-
isogermafurenolide (6, 15 mg) and ethyl caffeate (40 mg).”’ Sub-fraction
M10 (113 mg) was also fractioned on silica gel CC, eluted with n-hexane-
acetone  (70:30), to  yield  scopoletin®' and  4-hydroxy-3-
methoxybenzaldehyde (vanillin).*> Additional chromatographic purification
of sub-fraction M11 on silica gel CC (240-400 mesh), eluted with n-hexane-
EtOAc (1:1), afforded 3-methoxy-4-hydroxybenzoic acid (vanillic acid, 4
mg).?
EtOAc fraction was purified by successive silica gel CC, eluted with
increasing amounts of acetone in n-hexane (from 9:1 to 3:7), yielding 1,2-
epoxy-10-hydroxypodoandin (3, 15 mg) and protocatechuic aldehyde (10

mg).”
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1,2-epoxy-10a-hydroxy-podoandin (3): colorless gum; [a]*’p -5.6 (¢ 0.2,
CHCls); 'H and *C NMR data, see Table 1; ESIMS/MS (daughter ions, 25
eV) m/z 263 (IM+HT*, 25%), 245 (25), 227 (50), 199 (98), 171 (100) 156
(80); HRESIMS m/z 263.1263 (calculated for CysH;304 + H', 263.1283).
1-hydroxy-10,15-methylenepodoandin (4): (4aS,7aS,9aS)-7a-hydroxy-3,5-
dimethyl-8-methylidene-4a,7,7a,8,9,9a-hexahydroazuleno[6,5-b]furan-
2(4H)-one. Colorless gum; [a]*’p +281.6 (¢ 0.07, CHCls); 'H and *C NMR
data, see Table 1; ESIMS/MS (daughter ions, 15 eV) m/z 247.1 ((M + HJ*,
25%), 229 (100), 211 (40), 201 (50), 183 (75), 173 (50); HRESIMS m/z
247.1309 (calculated for CysHisO3 + H', 247.1334).
15-acetyl-isogermafurenolide (5): colorless gum; [(x]znl) +93.3 (¢ 0.1,
CHCls); 'H and "*C NMR data, see Table 2; ESIMS/MS (daughter ions, 15
eV): m/z291.1 (IM + H] ", 25%), 273 (21), 213 (35), 185 (97), 157 (100),
143 (75), 119 (45); HRESIMS m/z 291.1590 (calculated for C;7H2,04 + H*,
291.1596).

15-hydroxy-isogermafurenolide (6) colorless gum; [a]*’p +207.6 (¢ 0.25,
CHCl3); 'H and "C NMR data, see Table 2; ESIMS/MS (daughter ions, 10
eV): m/7249.1 (M + H] ¥, 25%), 231 (50), 185 (100), 170 (10), 157 (70),
145 (45); HRESIMS m/z 249.1484 (calculated for CisHy0O3 + H,
249.1490).

Brasiliensolide (7) colorless gum; [a]ZOD -15.0 (c 0.3, CHCly); 'H and 1°C
NMR data, see Table 3; ESIMS/MS (daughter ions, -20 eV): m/z 555.1 (M
- HJI', 6%), 277 (100); ESIMS/MS (daughter ions, -20 eV): m/z 277.1 (M -
H - 2787, 50%), 259 (10), 215 (100); HRESIMS m/z 555.2211 (calculated

for C30H350|0— H+, 5552230)
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Antimicrobial assay.

Bacterial strains. Mycobacterium tuberculosis, a virulent laboratory strain
H37Rv, kindly donated by MSc. Darcita Rovaris of LACEN-SC, was
cultured in Lowenstein-Jensen medium (LJ) (Difco) and incubated for 4
weeks at 37°C. The growing colonies were disrupted and transferred to
liquid 7H9 broth supplemented with 10% OADC for preparation of the
bacteria suspension. The concentration of bacteria was determined using the
McFarland scale.® After the assays, the mycobacteria were inactivated by
heat treatment at 100°C for 30 min in boiling water.

Mycobacterium tuberculosis toxicity assay. The MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was carried
out as described by Mshana er al,** with some modifications. The MTT
(Amresco, U.S.A) solution was prepared just before the assay of reduction
of MTT, at a concentration of 1 mg/ml in PBS with 10% of Tween-80. To
summarize, each well of a flat-bottomed microtiter plate received 100 ul of
drug solution, at concentrations ranging from 0.0 to 30.0 uM followed by
the addition of 100 ul of a bacterial suspension (3x10° bacteria per well).
The plates were sealed with Parafilm and incubated at 37°C in an
atmosphere of 5% CO, for 7 days. After the incubation period, fifty
microliters of the MTT solution was then added to each well and the plate
was incubated for 4 h at 37°C with 5% of COs. Fifty microliters of a lysing
buffer containing 20% sodium dodecyl sulfate in 50% N,N-
dimethylformamide (pH 4.7) were then added to each well, and the plates
were incubated overnight at 37°C with 5% of CO,. Absorbance was

measured with an ELISA microplate reader (Biotek ELX 800) at a
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wavelength of 540 nm. Wells containing 7H9-OADC and incubated with
MTT were used as negative control. All the samples were tested in triplicate

and the results are expressed as mean values.
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Fig. 2: Key NOE correlations observed for compounds 4 and 5.
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Table 2. NMR spectroscopy data (400 MHz, CDCl;3) for compounds 5 and 6.*

5 6
Position "H NMR (mult., J Hz) BC NMR HMBC" "H NMR (mult., J Hz) C NMR HMBC’

1 5.68dd (17.4,10.7) 1455 5,9, 10, 14 5.69dd (17.4,10.7) 1459 5,9,10, 14

2 a5.00 dd (17.4,0.5) 113.1 1,10 a4.99 dd (17.4,0.6) 1127 1,10
b5.05dd (10.7, 0.5) 1,10 b5.03 dd (10.7, 0.6) 1,10

3 a5.06dd (1.3, 1.0) 1153 4,515 25.00ddd (1.6, 1.1,0.7) 112.6 4,515
b5.32dd (1.3, 1.3) 4,515 b 5.35 ddd (1.6, 1.3, 0.6) 4,515

4 1437 148.8

5 2.09 ddq (13.1, 4.2, 0.6) 48.6 1,3,4,6,10, 14,15 2.11ddq (13.1, 4.3, 0.6) 47.9 1,3,4,6,10, 14,15

6 ax 2.58 ddqd (14.4,13.1,1.6,0.9) 28.7 5,7,10 ax 2.60 ddqd (14.4, 13.1,1.6,0.9) 28.9 5,7,10
eq2.71dd (142,4.2) 5,7,8,10, 11 eq2.70 dd (14.4,4.3) 5,7,8,10, 11

7 161.7 161.5

8 4.85ddqd (11.6, 6.1, 1.4,0.9) 77.9 4.85ddqd (11.7,6.1,1.4,0.9) 77.8

9 ax 1.36 ddq (12.4, 11.6, 0.3) 455 1,8, 10, 14 ax 1.36 ddq (12.4, 11.6, 0.3) 455 1,8, 10, 14
eq2.23 dd (124, 6.1) 5,7,8,10, 14 eq2.23 dd (124, 6.1) 5,7,8,10, 14

10 40.7 40.8

11 1204 1204

12 175.1 174.7

13 1.83 dd (1.6, 1.4) 8.3 7,11,12 1.82dd (1.6, 1.4) 8.3 7,11, 12

14 1.18 dd (0.6, 0.3) 16.5 1,5,9,10 1.18 dd (0.6, 0.3) 16.4 1,5,9, 10

15 4.48dd (1.3, 1.0) 67.9 3,4,5, CH;COO-15 | a4.00 ddd (14.4,0.7, 0.6) 67.2 3,4,5

b 4.09 ddd (14.4, 1.3, 1.1)
CH,;COO-15  2.11s 209 CH;CO00-15
CH,;C00-15 171.0

“The experiments were recorded in CDCl; and all NMR chemical shifts are given in ppm related to the TMS signal at 0.00 ppm as internal reference and
coupling constants (J) are given in Hz. The unambiguous 'H and "*C NMR chemical shift assignments were established by a combination of 1D and 2D

NMR including "H-'H, single-bond and long-range 'H-"*C correlation experiments. ” Long-range
hydrogen(s) stated to the indicated carbon. ax = axial. eq = equatorial.
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Supporting Information Available

S1(a-d): "H/2D NMR and HR-MS spectra of the sesquiterpene lactone 3.

S2(a-d): "H/2D NMR and HR-MS spectra of the sesquiterpene lactone 4.

S3(a-d): 'H/2D NMR and HR-MS spectra of the sesquiterpene lactone 5.

S4(a-c): 'H/"*C NMR and HR-MS spectra of the sesquiterpene lactone 6.

S5(a-d): 'H/2D NMR and HR-MS spectra of the sesquiterpene lactone 7.
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ABSTRACT

We have recently shown that the ethanol extract from leaves of Hedyosmum brasiliense
exhibit antidepressant-like effect in the tail suspension and forced swimming tests in
mice. The present study investigates the mechanisms involved in the antidepressant-
like effect of H. brasiliense extract together with the antidepressant potential of
Podoandin, an isolated sesquiterpenolide. H. brasiliense (50 mg/kg, i.p) and Podoandin
(10 mg/kg, i.p.) decreased the immobility time in the forced swimming test without
accompanying changes in ambulation in the open-field test. The anti-immobility effect of
the H. brasiliense extract was prevented by pre-treatment of mice with ondansetron,
NAN 190, pindolol, prazosin, yohimbine, haloperidol, SCH23390, and sulpiride. On the
other hand, the pre-treatment of mice with: p-chlorophenylalanine (4 consecutive days),
ketanserin, naloxone, naltrindole, bicuculline, phaclofen, or L-arginine did not block the
antidepressant-like effect of H. brasiliense. In addition, pre-treatment of animals with
methylene blue, NG-nitro-L-arginine or 7-nitroindazole, at subeffective doses, did not
cause a synergistic effect with H. brasiliense extract at an effective dose in the forced
swimming test. The anti-immobility effect of Podoandin was also prevented by pre-
treatment of mice with NAN-190, ondansetron, prazosin, yohimbine, sulpiride and
haloperidol. The results indicate that the antidepressant-like effect of H. brasiliense (and
Podoandin) is dependent on the serotonergic, noradrenergic and dopaminergic systems

but not GABAergic, opioid and oxidonitrergic systems.

Keywords: Hedyosmum brasiliense; Podoandin; sesquiterpene lactone; hypnotic;

antidepressant effect; forced swimming test.
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1. INTRODUCTION

After about 50 years of the discovery of the first antidepressant (Castrén 2005),
depression which is a chronic, relapsing and potentially fatal disease seems to be
increasing. Currently, it affects about 20% of the population worldwide and it is
considered one of the ten leading causes of morbidity and mortality. It is estimated that
by the year 2020 it will be the 2™ leading contributor to the global burden of disease
(WHO 2011). Numerous antidepressant compounds are now available, presumably
acting via different mechanisms including serotonergic, noradrenergic and/or
dopaminergic systems. The therapy available for treating this disease, including tricyclic
antidepressants, monoamine oxidase inhibitors, serotonin reuptake inhibitors, is often
associated with several undesirable side effects and its efficacy touches only a certain
part of the population (Berton and Nestler 2006). Moreover, most therapies require
several weeks of treatment before improvement of signs and symptoms are observed.
Despite the advances in drug discovery and therapeutic options, there are still multiple
shortcomings that need to be improved. Medical plant therapies may be effective
alternatives in the treatment of depression, and has progressed significantly in the past
decade (Machado et al., 2007; WHO 2011) and this has led to the search for new
alternatives for its treatment (Buller and Legrand 2001).

Hedyosmum brasiliense is an aromatic shrub, commonly known as Cidr&o, which is part
of the largest genus of the Chloranthaceae family and endemic in Brazil. The genus
consists of 46 species that are found in tropical and subtropical regions of America
(Souza and Lorenzi 2005). Although widely used as a calmative, hypnotic,

antidepressant, stomachic, aphrodisiac, anti-migraine and for diseases of the ovary
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(Reitz 1965), studies that seek to validate the pharmacological effects are limited. Only
its antinociceptive effect (Trentin et al.,1999) was conducted previously to our series of
investigations, that includes the essential oil composition analysis and its antimicrobial
activity (Kirchner et al., 2010) and the neurochemical properties of the ethanol extract,
fractions and the antidepressant effect of isolated sesquiterpene lactones (onoseriolide
or 13-hydroxy-8,9-dehydroshizukanolide and Podoandin, 1) which were assessed by
the open field, elevated-plus-maze, pentobarbital induced sleeping time, forced
swimming, strychnine and pentilenotetrazole-induced seizure and inhibitory avoidance
tests (Tolardo et al., 2010). In the latter, an antidepressant effect was only observed for
the sesquiterpenolide Podoandin which exhibited a significant reduction in immobility
time. Continuing this research, this paper proposes the mechanistic investigation of the
antidepressive effect of the extract, as well as that of Podoandin which is an isolated
sesquiterpene lactone of the guaianolide type. Some guaianolides recently investigated
showed antiprotozoal (Sun et al., 2010; Maas et al., 2011), analgesic and sedative

(Wesolowska et al., 2006) and cytotoxic (Bruno et al., 2005) effects.

2. MATERIALS AND METHODS

2.1 Extract and compound isolation

Aerial parts of Hedyosmum brasiliense Mig. Chloranthaceae were collected in October
of 2009 in Antonio Carlos, Santa Catarina State, Brazil. Voucher specimens were
analyzed by the botanist Dr. Ademir Reis, and deposited at the Herbarium Lyman

Bradford Smith (UNIVALI, Itajai - SC) (number 2031). Five Kilograms of fresh leaves of
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H. brasiliense was blended with bi-distilled alcohol and macerated for 15 days. The
extract obtained was then concentrated in a rotary evaporator. The recovered ethanol
was used to re-macerate the plant, and the combined concentrated extracts were kept
in a desiccator under vacuum to remove residual solvent, yielding 200 g of crude extract
of which an aliquot was used for the pharmacological tests and was named: extract
from H. brasiliense. To isolate the sesquiterpene lactone Podoandin, the rest of the
extract was then diluted in water and partitioned with solvents of increasing polarity
yielding the following fractions: hexane (16 g), dichloromethane (4 g), ethyl acetate (13
g) and the residual aqueous fraction, which was kept in the freezer. The hexane fraction
was then subjected to flash column chromatography with silica gel CC (230-400 mesh)
using n-hexane with increasing concentrations of CH,Cl, (0-70%) and subsequently
using CH.Cl, with increasing concentrations of EtOAc (0-70%), (200 ml for each
concentration) which yielded sub-fractions A to H. Re-crystallization of sub-fraction B
led to the isolation of the guaianolide Podoandin (1, 300 mg) identified by Nuclear
Magnetic Resonance (NMR) spectra in comparison with previously published data (Blay

et al., 2000).

2.2 Animals

Male Swiss mice at 8 weeks of age, weighing 23—-30 g were maintained at constant
room temperature (22-27 °C) with free access to water and food, under a 12:12 h light-
dark cycle (lights on at 07:00 h). Mice were allowed to acclimatize to the holding room

for 24 h before the behavioral procedure. All experiments were carried out between
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13:00 and 17:00 h, with each animal used only once (N=8-10 animals per group). All
the experiments were conducted blind in terms of the treatment condition of the
animals. The USA National Institute of Health Guidelines for Animal Care and Use were
followed, and the experiments were approved by the Animal Care and Ethical
Committees of the University do Vale do ltajai under number 007/10. Each animal was
used only once. All efforts were made to minimize animal suffering and to reduce the

number of animals used in the experiments.

2.3. Drugs and treatment

The following drugs were used: L-arginine, methylene Blue, 7- nitroindazole, NG-nitro-L-
arginine, parachlorophenylalanine (pCPA), ketanserin, Nan 190, prazosin, phaclofen,
bicuculline, yohimbine, haloperidol, pimozide, naloxone, naltrindrole and pindolol all
provided from Sigma Chemicals (St. Louis,MO, USA). Ondansetron was provided from
Cristallia (Brazil).The extract from H. brasiliense and Podoandin were dissolved in
saline with 10% Tween 80, whereas all the other drugs were dissolved in isotonic saline
solution (NaCl 0.9%) immediately before use. All drugs, Podoandin and H. brasiliense
extract were administered by intraperitoneal (i.p.) route, in a volume of 10 mil/kg body
weight. Control animals received appropriate vehicle. Podoandin (1), H. brasiliense, or
vehicle were administered by intraperitoneal route 30 min before the forced swimming
test, or open-field test.

The doses of drugs used were selected on the basis of experiments previously

performed in our laboratory and literature data which were previously reported of not
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affecting locomotor activity (Tolardo et al., 2010; Jesse et al., 2010; O'Neill and Conway

2001; Zomkowski et al., 2004).

2.4. Forced swimming test (FST)

The test was conducted using the method of Porsolt et al. (1977) with some
modifications. Mice were individually forced to swim in an open plexiglas cylinder
(diameter 10 cm, height 25 cm), containing 19 cm of water at 25+1 °C and the total
duration of immobility during a 6 min test was scored live. This test procedure was
carried out according to the previously standardized and validated animal in our and
other laboratories (Tolardo et al., 2010; Brocardo et al., 2008; Rosa et al., 2008;
Zomkowski et al., 2004). As reported, classical antidepressants decrease immobility
time in this paradigm (Brocardo et al., 2008; Dhir and Kulkarni 2007; Kaster et al., 2007,
Rosa et al., 2008; Yamada et al., 2004). Each animal was judged to be immobile when
it ceased struggling and remained floating or motionless in the water, making only those
movements necessary to keep its head above water. The absence of hind leg
movement was recorded as immobility by stopwatch accumulation by a single observer

during the exposures.

2.5 Mechanisms involved in the antidepressant-like effect of H. brasiliense extract and
Podoandin

To address some of the mechanisms by which H. brasiliense extract or Podoandin
causes antidepressant-like action in the forced swimming test, animals were pretreated

with different pharmacological agents.
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In order to investigate the possible contribution of the serotonergic system to the anti-
immobility effect of H. brasiliense extract or Podoandin in the FST, animals were
pretreated with pCPA (100 mg/kg, an inhibitor of serotonin synthesis) or saline, once a
day, for 4 consecutive days. In previous studies, this treatment regimen of pCPA
produced greater than 90% depletion of brain serotonin concentration in rats (Wang et
al., 2008). The animals received treatment with H. brasiliense extract (50 mg/kg, i.p.)
Podoandin (10 mg/kg, i.p.) or vehicle 24 h after the last pCPA or saline injection and
were tested in the FST 30 min later. In other experiments, animals were pretreated with
ondansetron (a 5HT3 selective receptor antagonist, (0.3 mg/Kg), NAN 190 a 5-HT14
selective receptor antagonist (0.5 mg/kg, i.p.), ketanserin a 5-HT2, receptor antagonist,
(5 mg/kg, i.p.), pindolol a 5-HT14/1g receptor antagonist (10 mg/kg, i.p.) or vehicle 15
min before the administration of H. brasiliense extract or Podoandin and were tested in
the FST 45 min later.

We investigated the possible involvement of the noradrenergic system in the
antidepressant-like effect of H. brasiliense extract or Podoandin in the forced swimming
test. Thus, animals were pretreated with prazosin (1 mg/kg, i.p.,an a1-adrenoceptor
antagonist), yohimbine (1 mg/kg, i.p., an a2-adrenoceptor antagonist), or vehicle 15 min
before administration of H. brasiliense extract, Podoandin (10 mg/kg, i.p.) being tested
in the FST 45 min later.

In order to investigate the influence of the dopaminergic system in the antidepressant-
like effect of the H. brasiliense extract and Podoandin, animals were pretreated with
haloperidol (0.2 mg/kg, i.p., a nonselective dopaminergic receptor antagonist),

SCH23390 (0.05 mg/kg, s.c., a dopamine D1 receptor antagonist), sulpiride (50 mg/kg,
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i.p., a dopamine D2 receptor antagonist), or vehicle 15 min before administration of H.
brasiliense extract or Podoandin (10 mg/kg, i.p.) and then tested in the FST 45 min
later.

To investigate whether the antidepressant-like effect of H. brasiliense extract or
Podoandin is mediated through the involvement of the L-arginine-nitric oxide pathway in
the forced swimming test, mice were pretreated with L-arginine, a precursor of nitric
oxide (750 mg/kg, i.p., a dose that produces no effect in the forced swimming test) or
vehicle 15 min before administration of H. brasiliense extract or Podoandin (10 mg/kg,
i.p.) being tested in the FST 45 min later. The dose of L-arginine was chosen based on
a previously reported dose-response curve in the forced swimming test (Da Silva et al.,
2000). In another experiment, we also investigated the effect of H. brasiliense extract (5
mg/Kg, a sub-effective dose) with sub-effective doses of 7-nitroindazole (50 mg/kg, i.p.,
a specific neuronal NO synthase inhibitor), methylene blue (20 mg/kg, i.p., an inhibitor
of both NO synthase and soluble guanylate cyclase) or of NG-nitro-L-arginine (0.3
mg/kg, i.p., an inhibitor of nitric oxide synthase). The doses of 7-nitroindazole and
methylene blue were chosen based on a previous report (Brocardo et al., 2008) and the
dose of NG-nitro-L-arginine was also based on a previous report (Jesse et al., 2010). H.
brasiliense extract or vehicle was administered 15 min before the drugs and 15 min
later, the animals were tested in the forced swimming test.

To investigate whether the antidepressant-like effect of H. brasiliense extract is
mediated through the involvement of the opioid system, mice were pretreated with
naloxone (1 mg/kg, i.p., a nonselective opioid receptor antagonist) or vehicle 15 min

before administration of H. brasiliense extract being tested in the FST 45 min later. In
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another experiment, mice were pretreated with naltrindole (3 mg/kg, i.p., a selective 6-
opioid receptor antagonist) or vehicle 15 min before administration of H. brasiliense
extract and were tested in the FST 45 min later. The doses of naloxone and naltrindole
were chosen based on a previously reported paper (Brocardo et al., 2008).

In the same model, the possible participation of the GABAergic system on the
antidepressant-like effect of H. brasiliense extract was investigated. With this aim, the
animals were pretreated with bicuculline, an antagonist of GABAa receptor (1.0 mg/kg,
i.p., phaclofen, an antagonist of GABAg receptor (2.0 mg/kg, i.p.) or vehicle and after 15
min, they received H. brasiliense extract (50 mg/Kg, i.p.) being tested in the FST 45 min

later.

2.6 Interaction of H. brasiliense extract and Podoandin with fluoxetine in the mice FST

We also investigated the ability of H. brasiliense extract and Podoandin to potentiate the
antidepressant-like effect of fluoxetine, a selective serotonin reuptake inhibitor. With this
aim in mind, animals were pretreated with a subeffective dose of H. brasiliense extract (5
mg/kg), Podoandin (1 mg/kg) or saline, and 20 min later the animals were treated with a
subeffective dose of fluoxetine (20 mg/kg). The dose of fluoxetine was chosen based on

a previous report (Ulak et al., 2010). The FST test was carried out 30 min later.
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2.7. Open-field test

To assess the possible effect of H. brasiliense and Podoandin on exploratory behavior,
the animals were submitted to the open-field paradigm as previously described (Capra
et al., 2010). Mice were individually placed in a wooden box (40x60x50 cm) with the
floor of the arena divided into 12 equal squares. The number of squares crossed with all
paws (crossing) was considered as indicative of locomotor activity and the number of
rising with the front paws (rearing) was indicative of the exploratory behavior. These
behavioral parameters were registered during a period of 6 min (Capra et al., 2010,

Tolardo et al., 2010).

3. Results

3.1. Involvement of the serotonergic system

The results depicted in Fig. 2A shows that the pretreatment of mice with the antagonist
of serotonin SHT2A receptor Ketanserin (5 mg/kg, i.p.), was not able to reverse the anti-
immobility effect of H. brasiliense extract (50 mg/kg) in the forced swimming test
(F(26.10) = 1.44/ p>0.05). In addition, Fig. 2B shows that the pre-treatment of mice with
the inhibitor of 5-HT synthesis PCPA (100 mg/kg, i.p., once a day by 4 consecutive
days) also did not affect (F(12.76) = 0.72/ p>0.05) the antidepressant-like effect of H.
brasiliense extract (50 mg/kg). On the other hand, the pre-treatment of mice with
antagonists of serotonin 5SHT1A, 5-HT1A/1B, 5-HT3 receptors, NAN-190 (0.5 mg/kg,
i.p.), pindolol (10 mg/kg, i.p.) or ondansetron respectively, were able to reverse the anti-

immobility effect of H. brasiliense extract in the forced swimming test (Fig. 2 C, D and E,
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respectively, F(49.75) = 7.56/p<0.001; F(13.44)= 3.75/ p<0.05 and F(13.65)= 5.10/

p<0.01 respectively).

3.2. Involvement of the noradrenergic system

Fig. 3 A and B shows that pretreatment of mice with the a1-adrenoceptor antagonist
prazosin (1mg/kg, i.p.) and the a2-adrenoceptor antagonist yohimbine (1 mg/kg, i.p.)
were able to reverse (F(45.26)=5.87/p<0.001; F(4.45)= 4.42/p<0.05, respectively) the
antidepressant-like effect of H. brasiliense extract (50 mg/kg) in the forced swimming

test.

3.3. Involvement of the dopaminergic system

Fig 4A shows that the anti-immobility effect of H. brasiliense extract (50 mg/kg, i.p.) was
significantly (F(39.98)= 6.47/ p<0.001) prevented by pre-treatment of mice with
haloperidol (0.2 mg/kg, i.p.). Similarly, sulpiride (50 mg/kg, i.p.) and SCH23390 (0.05
mg/kg, s.c.) administrations (Fig. 4B and 4C) were also able to reverse the
antidepressant-like effect of H. brasiliense extract in the FST (F(21.79)= 4.56/ p<0.01;

F(16.20)= 3.34/ p<0.05, respectively).

3.4. Involvement of the L-arginine—nitric oxide—cyclic guanosine monophosphate
systems

Concerning the involvement of the L-arginine-nitric oxide-cyclic guanosine
monophosphate systems on the anti-immobility effect of the extract, the results

demonstrated that the pre-treatment of mice with L-arginine (750 mg/kg, i.p., a nitric
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oxide precursor) did not reverse the anti-immobility effect elicited by H. brasiliense
extract (50 mg/kg,i.p.) in the FST (F(28.41)=1.03/ P.<.05) (Fig 5 A). In addition, the
results also show that the administration of NG-nitro-L-arginine (an inhibitor of nitric
oxide synthase, 0.3 mg/kg i.p., a subeffective dose), 7-nitroindazole (25 mg/kg i.p., a
specific neuronal nitric oxide synthase inhibitor) or methylene blue (10 mg/kg i.p., a
subeffective dose, a direct inhibitor of both nitric oxide synthase and soluble guanylate
cyclase) in combination with H. brasiliense extract (5.0 mg/kg, i.p., subeffective dose)
did not produce an antidepressant-like effect in FST (F(0.1968)= 0.2630/ p>0.05;
F(0.44)=0.71/P>0.05; F(0.11)= 0.75/ p>0.05, respectively, when compared to the

administration of each drug alone (FIG 5. B, C and D).

3.5 Involvement opioid system

Our results also show that pre-treatment of animals with naloxone (1 mg/kg, i.p), a
nonselective opioid receptor antagonist or naltrindole (3 mg/kg, i.p., a selective - opioid
receptor antagonist) did not prevent the antidepressant-like effect of H. brasiliense
extract (5.0 mg/kg, i.p.) in the FST (F(0.11) = 0.75/ p>0.05; F(26.23) = 0.54/p>0.05,

respectively (FIG 6A and B).

3.6 Involvement GABAergic system
The antidepressant effect of H brasiliense extract appears not to involve the GABAergic
system. Our results also showed that pre-treatment of animals with bicuculline, an

antagonist of GABAA receptor (1.0 mg/kg, i.p.) or phaclofen, an antagonist of GABAg
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receptor (2.0 mg/kg, i.p.) also did not prevent the antidepressant-like effect of H.

brasiliense extract (5.0 mg/kg, i.p.) in the FST (FIG 7A and B).

3.7 Involvement of systems in the mechanism of action of antidepressant property of

Podoandin

Since the mechanism of action of anti-immobility effect of the extract appears to be
mediated by the serotonergic, noradrenergic and dopaminergic systems, the anti-
immobility effect of Podoandin also was evaluated only in these systems. The results
shown in Table 1 demonstrate that the anti-immobility effect of the compound in study is
reversed by pre-treatment of animals with NAN-190, ondansetron, prazosin, yohimbine,
sulpiride and haloperidol. However, pre-treatment of animals with SCH23390 and

pindolol was unable to reverse this effect.

3.8 Interaction of H. brasiliense extract and Podoandin with fluoxetine in the mice FST

In figure 8 it is observed that the treatment of animals with Podoandin or H. brasiliense
extract or fluoxetine in subeffective doses (1.0 mg/kg, 5.0 mg/Kg and 20 mg/Kg
respectively) does not alter the immobility time in FST compared with their respective
controls. However, the treatment with Podoandin and H. brasiliense extract (in
subeffective doses of 1.0 mg/kg and 5.0 mg/Kg, respectively ) given in combination
with a subeffective dose of fluoxetine (20 mg/kg) significantly reduced the immobility

time in the FST (F(12,57)= 5.18/ P<0.01; F(12,57)=8.64/ P<0.001) .
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3.9. Effects of drugs on locomotor activity

Since antidepressant-like effects in the forced swimming test can be also evoked by
drugs which induce hyperactivity, the effect of Podoandin (10 mg/kg, i.p.) and H.
brasiliense extract (50 mg/kg,i.p) on the locomotor activity was concurrently evaluated.
The treatments with H. brasiliense extract or Podoandin given 30 min beforehand, did
not affect the locomotor activity in the open-field test when compared to mice that

received vehicle (results not shown).

4. Discussion

The present study contributes to the understanding of the mechanisms underlying the
effects of the ethanolic extract of H. brasiliense in the forced swimming test. Here we
provide convincing evidence that this effect is dependent on an interaction with
serotonergic, noradrenergic and dopaminergic systems. In addition, our results also
demonstrated that the reduction in the immobility time in the forced swimming test
elicited by H. brasiliense extract and Podoandin was not accompanied by changes in
the locomotor activity assessed in the open-field test, which means that the anti-
immobility effect observed in forced swimming test cannot be attributable to a
psychostimulant activity. Taking into account that psychostimulant drugs may give a
false positive result in the animal models of depression as tail suspension test for
example (Mitchell and Redfern, 2005), our results demonstrate that the antidepressant-

like effect of the ethanolic extract or Podoandin is specific.
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Currently, the most efficacious treatment of major depression is considered to involve
an increase in serotonin and/or noradrenaline neurotransmission (Brunello et al., 2002).
However, studies have shown that other neurotransmitter systems such as GABAergic
(Uppal et al., 2010), glutamatergic (Lin et al., 2011), opioid (Schreiber et al., 2002) and
oxidonitrergic (Krass et al., 2011) may also be involved in the pathogenesis of this

disease.

PCPA is an inhibitor of the enzyme tryptophan hydroxylase and its administration for
four consecutive days depletes the endogenous stores of serotonin by about 60% in
mice (Redrobe et al., 1998). Our results show that the decrease in the serotonin levels
in the synapse did not play a critical role on the effect of H brasiliense extract once anti-
immobility effect was not reversed by pre-treatment with PCPA.

Recent studies have revealed new insights into the therapeutic role of 5-HT1A receptors
in treating various CNS disorders, including not only depressive disorders (Prieto et al.,
2010), but also schizophrenia (Yasuno et al.,, 2004) and Parkinson's disease. The
discovery of WAY 100635, the first highly selective, potent and silent 5-HT1 receptor
antagonist (Forster et al., 1995), enabled further clarification on the role of 5-HT1A
receptors in the antidepressant-like effects of drugs. It was previously shown that the
blockade of 5-HT1A receptors by NAN-190 prevented the antidepressant-like responses
of serotonergic agonists (8-OH-DPAT and buspirone) and the tricyclic antidepressant
desipramine in the FST in rats (Detke et al., 1995). Here, we showed the involvement of
5-HT1A receptors in the antidepressant-like effect of H. brasiliense extract, since NAN-
190 was able to prevent its anti-immobility effect in the forced swimming test. This

supposition was supported by our results with pindolol, which is a 5-HT1A/1B receptor
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antagonist, also able to prevent the anti-immobility effect of H. brasiliense extract in the
forced swimming test.

It has been reported that DOI, a preferential 5-HT2A receptor partial agonist enhances
the antidepressant-like effect of some compounds (Zomkowski et al., 2004). Moreover,
5HT2 receptor blockade by ketanserin, a preferential 5-HT2A receptor antagonist,
explains the mechanism of action of several compounds with proven antidepressant
activity (Jesse et al., 2010). In this study, the pre-treatment with ketanserin, failed to
reverse the antidepressant-like effect of H. brasiliense extract, suggesting that the
antidepressant-like effect of H. brasiliense extract in the forced swimming test did not
depend on an interaction with 5-HT2A receptors.

Our result is also in agreement with the hypothesis that an activation of the 5-HT3
receptors can afford antidepressant-like responses, since the antidepressant-like effect
of H. brasiliense extract was prevented by the pretreatment of mice with the 5-HT3
antagonist ondansetron. The involvement of 5-HT3 receptors in the mechanism of
action of antidepressants has been indicated by the fact that, different classes of
antidepressants act as functional antagonists of these receptors (Eisensamer et al.,
2003). However, there is evidence showing that electroconvulsive therapy, was able to
potentiate the function of 5-HT3 receptors in the hippocampus (Ishihara and Sasa
2001).

Several clinical and pre-clinical studies have shown the link between depression and
catecholamines, especially noradrenaline. This is largely true because, many of the first
generation antidepressants, the tricyclics, increase synaptic concentrations of

noradrenaline (Dell'osso et al., 2010). In our study, a1-adrenoceptor antagonist prazosin
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and the a2-adrenoceptor antagonist yohimbine were able to reverse the antidepressant-
like effect of H. brasiliense extract in the forced swimming test suggesting the
involvement of the adrenergic system in this effect.

Since dopamine is the main neurotransmitter involved in the mesolimbic reward
pathways, it has been proposed that an increase in dopaminergic neurotransmission
might counteract anhedonia which is considered a core feature of major depressive
disorder (Gorwood 2008). In addition, electroconvulsive therapy (ECT) used to treat
depressive states that are resistant to the usual antidepressant drugs is considered one
of the most effective therapies for depression and has beneficial motor effects in
parkinsonian patients (Landau et al., 2011).

Our results showed that the dopaminergic system is clearly involved in the
antidepressant-like action of H. brasiliense extract since the pre-treatment of animals
with haloperidol, SCH23390 and sulpiride, prevented the antidepressant-like effect
evoked by the extract. Dopamine D1 and D2 receptors are implicated in the anti-
immobility action of antidepressants in the mouse forced swimming test. Yamada et al.
(2004) showed that the dopamine D1 selective antagonist SCH23390 or the selective
D2 antagonist sulpiride, prevented the antidepressant-like effect of two dopamine
reuptake inhibitors, bupropion and nomifensine in the forced swimming test.

Many GABAergic effects are mediated via ionotropic GABA(A) receptors, which are
functionally defined by their a subunit (a1-a6) although it remains unknown which
specific GABA(A) receptor population mediates depressive-like effects. Clinical and
post-mortem studies reveal changes in GABAergic transmission localized in the cortical

depression network (Ghose et al.,, 2011). However, our results showed that the
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GABAergic system did not involve in the antidepressant-like action of H .brasiliense
extract since the pretreatment of animals with bicuculline, or phaclofen, did not prevent
the antidepressant-like effect of H. brasiliense extract.

Preclinical studies have also indicated that antidepressant-like effects in the forced
swimming test are produced by the administration of p and &- opioid receptor agonists
(Villard et al., 2011). Furthermore, clinical trials indicate that opioid compounds such as
beta-endorphin and buprenorphine have antidepressant effects (Dinas et al., 2010) and
ECT and acupuncture increases the plasma levels of beta-endorphin, indicating that the
treatment of refractory depression may be also mediated by opioid peptides (Ghadirian
et al., 1988). In the present study, we show that the pretreatment with naloxone, t or
naltrindole, failed to reverse the antidepressant-like effect elicited by H. brasiliense

extract indicating that its effect is not mediated by an interaction with the opioid system.

Nitric oxide modulates norepinephrine (O'Sullivan et al., 2009) serotonin (Ulak et al.,
2008), dopamine (Dhir and Kulkarni 2007) and glutamate (Boix et al., 2011), the major
neurotransmitters involved in the neurobiology of major depression. Clinical studies
have also confirmed the nitric oxide modulatory activity of various antidepressants
particularly belonging to the class of selective serotonin reuptake inhibitors (Crespi et
al., 2010). Further support for the hypothesis that the inhibition of nitric oxide synthase,
with a subsequent decrease in the concentration of cyclic guanosine monophosphate
(Snyder 1992), may produce antidepressant-like effects, at least under certain
conditions, comes from the reported reduction in the immobility time in the forced
swimming test elicited either by the administration of methylene blue, which acts as a

direct inhibitor of both nitric oxide synthase and soluble guanylate cyclase (Jesse et al.,
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2010) or by the specific inhibitor of soluble guanylate cyclase activity, 1H-(1,2,4)-
oxodiazolo (4,3-a)quinoxalin-1-one (Ergiin and Ergiin 2007). In this study, we show that
the pre-treatment of mice with L-arginine did not produce any effect in forced swimming
test and thus did not inhibit the anti-immobility effect caused by H. brasiliense extract.
Furthermore, a synergistic antidepressant-like effect was not observed when H.
brasiliense extract was administered with NG-nitro-L-arginine, 7-nitroindazole or
methylene blue, indicating that antidepressant-like effect of H. brasiliense extract does

not involve the oxidonitrergic system.

Another finding of this study was that the classical antidepressant fluoxetine was able to
potentiate the action of subeffective doses of H. brasiliense extract in the in the forced
swimming test. This result suggests in part that the effect of this extract seems to be

similar to the effect of fluoxetine, regarding the interaction with 5-HT receptor subtypes.

Concerning the chemical constituents of H. brasiliense extract used in our experiments,
classical phytochemical methods indicated sesquiterpenolides (SL) and simple
phenolics as the main constituents (Amoah et al., 2011, submitted manuscript). SL are
a very large group of secondary metabolites of high diversity, with respect to chemical
structure as well as biological activity. The majority of SL exerts their biological activity
by interference with the function of cellular macromolecules through formation of
covalent bonds between electrophilic partial structures of the SL and nucleophilic
centers of biological targets. A good number of these molecules show strong activity on
neural systems; mainly neuroprotective activities (Chung et al., 2010) and these

compounds can be pharmacological targets for neurodegenerative diseases like

Marcia M. de Souza® 20



Parkinson's and Alzheimer's. In this study, it was demonstrated that Podoandin exhibits
antidepressant-like effect as the H. brasiliense extract, and its antidepressant-like effect
was reverted by treatment of animals with NAN-190, ondansetron, prazosin, yohimbine,
sulpiride and haloperidol but not by SCH23390 and pindolol suggesting that this
compound may be also responsible for the antidepressant-like effect of H. brasiliense
extract, that seems to be mediated by interaction with the noradrenergic, dopaminergic
and serotonergic systems, but not with the GABAergic, opioid and oxidonitrergic
systems.

Finally, our group has already started pharmacological tests to ascertain whether H.

brasiliense or Podoandin may or may not produce tolerance.
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Titles and legends
Fig.1. Structure of Podoandin (1), isolated from H. brasiliense

Fig. 2. Effect of pre-treatment of ketanserin (5 mg/kg, i.p., a 5-HT2A/2C receptor
antagonist, panel A), PCPA (5-HT synthesis inhibitors, 100 mg/kg, i.p., for 4 consecutive
days, panel B ), NAN-190 (0.5 mg/kg, i.p. a 5-HT1A receptor antagonist, panel C),
pindolol (10 mg/kg, i.p., a 5-HT1A/1B receptor antagonist, panel D) or Ondansetron
(0.3 mg/Kg, i.p., a 5HT; selective receptor antagonist, panel E) on H. brasiliense
extract (50mg/kg,i.p) induced decrease in the immobility time in the forced swimming
test. All values are presented as meantS.E.M. (n=10-12).***P<0.001, compared with
the control group; #P<0.01 or " P<0.001 compared with the same group pre-treated

with only Podoandin

Fig. 3. Effect of pre-treatment of mice with prazosin (1 mg/kg, i.p., an a1-adrenoceptor
antagonist, panel A) or yohimbine (1 mg/kg, i.p., an a2-adrenoceptor antagonist, panel
B) on H. brasiliense extract (50mg/kg, i.p) -induced reduction in immobility time in the
forced swimming test. Values are expressed as mean+S.E.M. (n=10-12). *P< 0.05,
***P<0.001, compared with the control group; P<0.05 or ## P<0.001 compared with the

same group pre-treated with only Podoandin.

Fig. 4. Effect of pre-treatment of mice with haloperidol (0.2 mg/kg, i.p., a non selective
dopaminergic receptor antagonist, panel A), sulpiride (50 mg/kg, i.p., a dopamine D2
receptor antagonist, panel B) or SCH23390 (0.05 mg/kg, s.c., a dopamine D1 receptor
antagonist, panel C) on H. brasiliense extract (50mg/kg, i.p) -induced reduction in
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immobility time in the forced swimming test. Values are expressed as mean+S.E.M.
(n=10-12). **P<0.001 as compared with the control group (vehicle); *P<0.05, #P<0.01
or #P<0.001, as compared with the group pretreated with the same group pre-treated

with only Podoandin.

Fig. 5. Effect of pre-treatment of mice with L-arginine (750 mg/kg, i.p., panel A) on H.
brasiliense extract (50mg/kg, i.p) -induced reduction in immobility time in the forced
swimming test. The potentiating effect of (B) NG-nitro-L-arginine (0.3 mg/kg, i.p.), (C) 7-
nitroindazole (25 mg/kg, i.p.) and (D) methylene blue (10 mg/kg, i.p.) on the action of
brasiliense extract (10mg/kg, i.p) i.p. in the forced swimming test. Values are expressed
as meantS.E.M. (n=10-12 mice/group). ***P<0.001 as compared with the control group

(vehicle).

Fig. 6. Effect of pre-treatment of mice with naloxone (1mg/Kg, i.p., a non selective
opioid receptor antagonist, panel A) and naltrindole (3mg/kg, i.p., panel B), on the anti-
immobility effect of H. brasiliense extract (50mg/kg,i.p) in the forced swimming test.
Values are expressed as meantS.E.M. (n = 10-12). ***p < 0.001 as compared with the

vehicle-treated control
Fig. 7. Effect of pre-treatment of mice with bicuculline, (1.0 mg/kg, i.p., an antagonist of

GABA\ receptor, panel A) and phaclofen, (2.0 mg/kg, i.p., an antagonist of GABAg

receptor, panel B) on the anti-immobility effect of H. brasiliense extract (50 mg/kg,i.p) in
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the forced swimming test. Values are expressed as meantS.E.M. (n = 10-12). **p <

0.01 as compared with the vehicle-treated control.

Fig. 8. Effect of co-administration of the subeffective doses of of H. brasiliense extract
(10 mg/kg), Podoandin (1.0 mg/kg), and fluoxetine (20 mg/kg) on immobilization time in
forced swimming test in mice. Values are expressed as meantS.E.M. (n = 10-12). **p <

0.01, ***p < 0.01 as compared with the vehicle-treated control.
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Table | Summary of the effects of the various drugs on the anti-immobility effect caused

by Podoandin assessed in the FST.

Treatment Dose (mg/Kg) Immobility Time
Control 0 120.14+8.28
Prazosin 1.0 114.4+4 1
Yohimbine 1.0 168.7+5.63
Podoandin 10.0 42.28+4.5**
Podoandin +yoimbine 10.0/1.0 91.42+6.22%#
Podoandin + Prazosin 10.0/1.0 85.4+10.50"
Control 0 173.3746.92
NAN-190 0.5 168.85+10-2
Ondansetron 0.3 136.42+21.0
Pindolol 10.0 151.14+11.03
Podoandin 10.0 41.28+4.21**
Podoandin + NAN190 10.0/0.5 85.16+3.19%
Podoandin +Ondansetron 10.0/0.3 81.10+10.69*
Podoandin +Pindolol 10.0/10.0 40.40+4.71N8
Control 0 104.62+14.03
Haloperidol 0.2 115.33+£15.71
Sulpiride 50.0 106.28+15.54
SCH23390 0.05 109.33+18.15
Podoandin 50.0 38.40+4.1***
Podoandin + Haloperidol 10.0/0.2 156.66+13.48%#
Podoandin +Sulpiride 10.0/ 50.0 105.28+5.27"
Podoandin +SCH23390 10.0/0.05 42.85+3.16 ¢

NS not significant, p<0.01, *** p<0.001 compared with respective controls

#p<0.05, #p<0.01, ™ p<0.001 compared with Podoandin values without the antagonist in
each experiment .
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