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RESUMO

Produtos naturais sdo uma importante fonte de farmacos e muitos vegetais tém sido
explorados na busca de substancias potencialmente ativas. Dentre estas, destacam-se as
espécies do género Hypericum, principalmente H. perforatum, utilizado ha séculos com
diversos fins terapéuticos, principalmente no tratamento de feridas. Mais recentemente,
a planta estd em evidéncia devido a comprovada atividade antidepressiva, sendo
extensamente utilizada em varias partes do mundo no tratamento de depressdes leve a
moderada. Ambas as atividades citadas se devem a presenca de derivados do
floroglucinol. As espécies de Hypericum encontradas no sul do Brasil sdo fonte de
floroglucindis com diversas atividades bioldgicas descritas. Um dos objetivos deste
estudo foi investigar a atividade proliferativa de fracbes enriquecidas em floroglucindis
de H. caprifoliatum, H carinatum, H. connatum, H. myrianthum e H. polyanthemum,
visando indicar possivel atividade cicatrizante. Outro objetivo foi ampliar o
conhecimento fitoquimico acerca das fracbes lipofilicas de H. austrobrasiliense e H.
caprifoliatum. As partes aéreas, coletadas na época de floracdo, foram secas, moidas e
extraidas com n-hexano. Para os ensaios de proliferacdo celular foi utilizada uma
linhagem de queratindcitos (HaCaT) cultivada in vitro. Os extratos n-hexano das
espécies de Hypericum foram caracterizados por CLAE, mostrando a presenca
majoritaria de floroglucindis. Entre as amostras testadas, as fraces de H. carinatum e
H. polyanthemum foram as mais promissoras, promovendo uma proliferacdo 20 a 40%
superior aquela obtida com o controle, indicando uma inducdo no processo de
crescimento celular. Os processos cromatograficos realizados com os extratos n-hexano
de H. austrobrasiliense levaram ao isolamento de austrobrasilol A, austrobrasilol B e
isoaustrobrasilol B, derivados de floroglucinol com estruturas inéditas, do extrato n-
hexano de H. caprifoliatum foram obtidos hiperbrasilol B e iso-hiperbrasilol B. Os
novos derivados de floroglucinol foram submetidos ao teste da placa aquecida e rotarod,
onde demonstraram serem efetivos, provocando uma redugdo na percepgdo da dor nos
mesmos niveis apresentados pelo floroglucinol dimérico uliginosina B, e ndo
provocaram prejuizo motor. Os resultados obtidos reforcam a importancia de vegetais

deste género como fontes potenciais de compostos biologicamente ativos; neste caso,



induzindo a proliferacdo de células envolvidas na cicatrizagdo e reduzindo a nocicepcéo,
podendo futuramente servir como protétipos de novos agentes cicatrizantes e

analgeésicos.

Palavras-chave: Hypericum, atividade cicatrizante, floroglucindis diméricos, atividade

antinociceptiva.



ABSTRACT

Natural products are an important source of vegetable drugs and have been explored in
the search for potentially active substances. Among these, there are the species of the
genus Hypericum, especially H. perforatum, used for centuries for various therapeutic
purposes, highlighting the use in the treatment of wounds. More recently, the plant has
received high attention due to the antidepressant activity and is widely used all over the
world to treat mild to moderate depression. Both activities could be attributed to the
presence of phloroglucinol derivatives. The species of Hypericum native to southern
Brazil are a source of phloroglucinols with diverse biological activities. One goal of this
study was to investigate the proliferative activity of phloroglucinol enriched fractions of
H. caprifoliatum, H carinatum, H. connatum, H. myrianthum and H. polyanthemum,
aiming to indicate possible wound healing activity. Another objective was to expand the
phytochemical knowledge of lipophilic fractions of H. austrobrasiliense and H.
caprifoliatum. The aerial parts collected at flowering time were dried, ground and
extracted with n-hexane. For cell proliferation assays, keratinocyte cells (HaCaT) were
used, grown in vitro. The n-hexane extract of Hypericum species were characterized by
HPLC, showing predominant presence of phloroglucinols. Among the tested samples,
the fractions of H. carinatum and H. polyanthemum were the most promising,
promoving a proliferation 20 to 40% higher than that obtained with the control,
indicating the induction of cell growth. The chromatographic process carried out the n-
hexane extracts of H. austrobrasiliense led to the isolation of austrobrasilol A,
austrobrasilol B and isoaustrobrasilol B, new phloroglucinol derivatives, and to the n-
hexane extract of H. caprifoliatum were obtained hyperbrasilol B and isohyperbrasilol
B. The new phloroglucinol derivatives were tested in hot plate and rotarod tests, proving
to be effective, causing a reduction in pain perception at the same levels provided by
dimeric phloroglucinol uliginosin B and did not cause motor impairment. The results

emphasize the importance of this kind of plants as potential sources of biologically



active compounds; in this case inducing the proliferation of keratinocyte cells and

reducing the nociception, and may eventually serve as prototypes of new wound healing
and analgesic agents.

Key-words:  Hypericum, wound-healing activity, dimeric  phloroglucinols,
antinociceptive activity.
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1 INTRODUCAO GERAL






A natureza vem sendo utilizada ao longo dos tempos pelo ser humano como
fonte de produtos que possam suprir suas necessidades basicas. Nessa perspectiva
incluem-se também os farmacos, utilizados desde entdo no tratamento de uma ampla
gama de doencas (NEWMANN et al., 2000; BUTLER, 2004; CRAGG & NEWMANN,
2013).

Os produtos naturais sao principalmente obtidos de plantas, micro-organismos
(como actinomicetos) e mais recentemente de organismos marinhos (CRAGG &
NEWMANN, 2013). As plantas desempenham um papel importante no processo de
obtencdo de produtos naturais com efeitos farmacoldgicos e desta busca surgiram
importantes farmacos como acido acetilsalicilico, morfina, digitoxina e quinina
(BUTLER, 2004).

A descoberta de uma substancia com potencial terapéutico € um processo
complexo que envolve diversas areas do conhecimento, como quimica, farmacologia e
ciéncias clinicas. Estes esforcos vem beneficiando a populagdo mundial ao longo dos
ultimos 100 anos (DREWS, 2000; BUTLER, 2004). Como prova disso, as melhorias
das condicBes sanitarias, avancos médicos e uma gama mais ampla de farmacos
contribuiram para que a expectativa de vida no Brasil passasse de 43 para 74 anos entre
0s anos de 1950 a 2012 (IBGE, 2000; WHO, 2014).

Mesmo com aumento na busca de farmacos puramente através de técnicas
sintéticas, os produtos naturais continuam sendo uma importante fonte de novos
farmacos e padrées moleculares para a obtengdo dos mesmos. Em um periodo de 30
anos (1981-2010), 1130 novas entidades quimicas foram aprovadas para 0s mais
diversos fins terapéuticos e, interessantemente, 297 (26,3%) delas foram derivadas de
produtos naturais, tanto diretamente quanto através de semissintese. Dentre as novas
opcOes terapéuticas, os produtos naturais destacam-se no tratamento de neoplasias,
infecces bacterianas, processos inflamatorios e hipertenséo (NEWMANN & CRAGG,
2012).

Na busca por novas entidades quimicas que possam ter importancia terapéutica

alguns taxons se destacam, como por exemplo, 0 género Hypericum, representado por
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sua espécie mais estudada H. perforatum, empregada na medicina tradicional como
agente cicatrizante (WOLFLE et al., 2014) e atualmente utilizada como antidepressivo
em casos leves ou moderados (KASPER et al., 2010; SARRIS, 2013).

Contudo, o género Hypericum (Hypericaceae), alem de H. perforatum,
compreende aproximadamente 500 espécies, subdivididas em 36 se¢des taxondmicas,
distribuindo-se por todos os continentes do mundo com excec¢do da Antartica. No sul do
Brasil ocorrem espécies das se¢Bes Brathys e Trigynobrathys, sendo que estas possuem
0 maior numero de representantes do género (CROCKETT & ROBSON, 2011;
ROBSON, 2012).

Tratando-se da composi¢do quimica das espécies destas secdes, nota-se uma
interessante diferenca com a espécie H. perforatum que produz derivados monoméricos
de floroglucinol (hiperforina; ad-hiperforina) e naftodiantronas (hipericina) (AVATO,
2005; CROCKETT & ROBSON, 2011). Entretanto, espécies destas se¢des destacam-se
por serem fontes de derivados diméricos de floroglucinol (31 estruturas relatadas até o
momento para o género Hypericum) (Figura 1) (CCANA-CCAPATINTA et al., 2013)
e por ndo ter sido detectada a producdo de naftodiantronas (FERRAZ et al., 2002;
CROCKETT & ROBSON, 2011), as tltimas provavelmente pela auséncia de glandulas
escuras, estruturas celulares responsaveis por sua producdo e acimulo (ZOBAYED et
al., 2006).

) @ @
Figura 1. Estrutura do floroglucinol monomérico hiperforina (1) e da naftodiantrona, hipericina
(2) relatadas para H. perforatum e do floroglucinol dimérico uliginosina B (3), encontrado

somente nas se¢des Brathys e Trigynobrathys deste género.
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Além dos derivados diméricos de floroglucinol, sdo relatados outros metabdlitos
secundarios para espécies do género. Flavonoides, como hiperosideo (4) (NUNES et al.,
2010; BARROS et al., 2013); benzopiranos, como HP1 (5) (6-isobutiril-5,7-dimetoxi-
2,2-dimetil-benzopirano); HP2 (7-hidroxi-6-isobutiril-5-metoxi-2,2-dimetil-
benzopirano) e HP3 (5-hidroxi-isobutiril-7-metoxi-2,2-dimetil-benzopirano) (FERRAZ
et al., 2001); benzofenonas, como carifenonas A (6) e B (BERNARDI et al., 2005),
xantonas (7) (ROCHA et al., 1994) e d6leos volateis (8) (FERRAZ et al., 2005) (Figura
2).

Para estes compostos isolados, diversas atividades bioldgicas sdo descritas como
antidepressiva, antinociceptiva, antimicrobiana, antiproliferativa e antioxidante (von
POSER et al., 2006).

(o] O/
\ HO. 0.
O O l l /
o OH
®) ©)
OH
o 0. \
OH o -
(O] (Y] -®

Figura 2. Exemplos de metabdlitos identificados em espécies das secdes Brathys e
Trigynobrathys. Flavonoides, hiperosideo (4); benzopiranos, HP1 (6-isobutiril-5,7-dimetoxi-
2,2-dimetil-benzopirano)(5); carifenonas, carifenona A (6); xantonas, 6-desoxijacareubina (7);

6leos volateis, B-cariofileno (8).

Devido a importancia desse género de plantas como fonte de novas moléculas de
interesse farmacéutico, este trabalho tem como objetivo geral estudar o potencial poder
cicatrizante de extratos lipofilicos de algumas espécies de Hypericum nativas do Rio
Grande do Sul. Além disso, isolar derivados diméricos de floroglucinol, com o intuito
de reforcar o valor do género como fonte destas estruturas, importantes por suas

atividades do tipo antidepressiva e antinociceptiva.
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Desta forma o trabalho esté dividido em dois capitulos:

O Capitulo 1 apresenta a caracterizacdo quimica das fracdes lipofilicas de H.
caprifoliatum, H carinatum, H. connatum, H. myrianthum e H. polyanthemum e os

efeitos das mesmas na proliferacdo de queratindcitos humanos imortalizados (HaCaT).

O Capitulo 2 relata o isolamento e elucidacdo estrutural através de técnicas
espectroscopicas (UV-Vis; 1D- e 2D-RMN) e espectrométricas (MS) de trés derivados
diméricos de floroglucinol inéditos isolados do extrato lipofilicos das flores de H.
austrobrasiliense e determinacdo da sua atividade antinociceptiva através do teste da
placa aquecida. Este capitulo ainda apresenta alguns resultados adicionais, que tratam
do isolamento e elucidacao estrutural de derivados diméricos de floroglucinol isolados

do extrato n-hexano das flores de H. caprifoliatum.
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2 CAPITULO 1

Caracterizacdo da fracdo enriquecida em floroglucinGis de espécies
brasileiras de Hypericum e avaliacdo da proliferacdo em queratindcitos

humanos imortalizados.






2.1 INTRODUCAO

A funcdo primaria da pele € servir como uma barreira protetora contra o
ambiente. A perda de largas porcGes dessa resulta em lesdes ou doengas que podem
levar a uma deficiéncia grave ou até mesmo a morte (SINGER & CLARK, 1999).
Quando ocorre uma leséo, os tecidos humanos sdo capazes de cicatrizar por regeneracao
ou reparo. A regeneracao é a substituicdo dos tecidos lesados pelo mesmo tipo celular e
0 reparo € quando a substituicdo ocorre com tecido conectivo o qual forma a cicatriz
(FLANAGAN, 2000).

A cicatrizacdo cutanea € um processo fisioldgico dindmico e complexo que em
termos gerais pode ser dividido em trés fases complementares: inflamacdo, formacéao do
tecido de granulacdo e remodelamento. Neste processo, muitos tipos celulares séo
requeridos como os leucocitos que participam do processo de inflamacédo e limpeza da
area ferida e os queratindcitos e fibroblastos que sdo responsaveis pela reepitelizacéo.
As plaquetas irdo participar deste processo facilitando a homeostase sanguinea
(SINGER & CLARK, 1999; JONES et al., 2004).

A fase inflamatoria inicia-se logo ap6s a lesdo, levando ao tamponamento dos
vasos sanguineos lesados pela deposicdo das plaquetas, que por sua vez, irdo formar
uma matriz que alicercard a migracdo de células responsaveis pelo processo de reparo.
Além disso, liberardo quimiocinas necessarias para a migracdo principalmente de
neutrofilos, os quais tem a funcdo béasica de eliminar possiveis micro-organismos por
fagocitose (WILGUS et al., 2013).

Monacitos presentes na circulacdo chegam ao local 2-3 dias apds a lesdo e se
transformam em macréfagos, desempenhando um papel critico no processo de reparo.
Além de auxiliar os neutréfilos no processo de fagocitose, os macréfagos formam um
elo entre o sistema imune adaptativo e o inato e produzem fatores de crescimento
(SINDRILARU 2013; ZIELINS et al., 2014).

Apos a liberagdo dos fatores de crescimento pelos macrdfagos, a migracdo e

ativacdo dos fibroblastos sdo intensificadas. Os fibroblastos irdo comecar a produzir
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colageno e dessa forma a matriz primeiramente formada pelas plaquetas sera substituida
por um tecido conjuntivo mais forte e elastico. Em paralelo a isso a ferida é novamente
vascularizada. Dessa forma, no final do processo de reepitelizacdo a ferida estara
completamente preenchida com tecido de granulacdo, 0s vasos sanguineos estardo
formados e lentamente o tecido de granulagcdo comeca a apresentar maior quantidade de
fibras colagenas, gerando a aparéncia de cicatriz (BALBINO et al., 2005; ENOCH et
al., 2005).

Na ultima fase do processo observa-se a apoptose de fibroblastos e células
endoteliais e o inicio do processo de maturacdo e modelagem da matriz celular com a
digestdo, sintese e reorientacdo das fibras de colageno. Este € um processo longo,
podendo durar meses ou até anos (BALBINO et al., 2005; WYNN, 2012). Os produtos
naturais foram a primeira forma de combate as doencas que atacavam 0s seres humanos.
Desta mesma forma encontraram-se compostos que eram utilizados no tratamento de
feridas e queimaduras (LINDBLAD, 2008).

Uma das plantas mais relatadas para esse fim é Hypericum perforatum L.
(Hypericaceae). A maceracdo de suas partes aéreas floridas com azeite de oliva fornece
um produto avermelhado chamado de Hyperici oleum. Apesar da coloracdo, a
preparacdo ndo apresenta a naftodiantrona hipericina e sim, contém o floroglucinol
hiperforina, ao qual é creditada sua atividade cicatrizante (MAISENBACHER &
KOVAR, 1992; ISACCHI et al., 2007). Este 6leo € utilizado desde a antiguidade para o
tratamento externo de feridas e queimaduras, pela populacdo de varios paises,
principalmente na Europa (YESILADA et al., 1993, 1995; OZTURK et al., 2007;
SADDIQE et al., 2010; OZKAN & MAT, 2013; ZLATKOVIC et al., 2014).

Hypericum perforatum é a mais conhecida espécie desta familia de plantas, tanto
pelas suas propriedades quimicas quanto farmacoldgicas. Entretanto, a atividade de
cicatrizacdo de feridas € menos estudada quando comparada a antidepressiva e outras
doengas do sistema nervoso central (OZTURK et al., 2007; WOLFLE et al., 2014).
Diversos estudos realizados com esta espécie demonstraram sua efetividade na
aceleracdo do processo de cicatrizagdo, em culturas celulares (fibroblastos) e em
modelos animais, reduzindo o tempo de reepitelizagdo em 40% (OZTURK et al., 2007;

PRISACARU et al., 2013). Em ensaios clinicos mostrou-se efetivo em reduzir a

26



extensdo das lesdes, além disso, os pacientes relataram diminuicdo da dor e prurido
(LAVAGNA et al., 2001; SAMADI et al., 2010).

Os relatos ndo se restringem somente a H. perforatum, mas outras como H.
patulum, H. hookerianum e H. mysorense também demonstraram significativos efeitos
no processo de cicatrizagdo com testes em animais (MUKHERJEE et al., 2000;
MUKHERJEE & SURESH, 2000a; MUKHERJEE & SURESH, 2000b).

Das espécies de Hypericum nativas do Sul do Brasil, H. connatum é utilizado
popularmente no tratamento de aftas e feridas na boca (MENTZ et al., 1997), além
disso, outras espécies demonstraram atividades como antibacteriana, antifingica,
antioxidante e anti-inflamatoria (DALL’AGNOL et al., 2003; BARROS et al., 2013;
BERNARDI et al., 2005). Estas atividades sdo particularmente importantes no processo
de cicatrizagdo, pois bactérias e fungos podem infectar a ferida dificultando e
retardando a cura. Além disso, as atividades antioxidantes e anti-inflamatérias séo
importantes na cura de Ulceras causadas pelo diabetes (JONES et al., 2004; SADIQQE
etal., 2010; KASUYA & TOKURA, 2014).

Devido a importancia de se buscar agentes que possam promover uma
cicatrizacdo mais rapida e eficiente é interessante pesquisar o efeito que as fracdes
lipofilicas de Hypericum nativas do sul do Brasil produzem em queratindcitos humanos,
pois estas fragdes sdo ricas em derivados de floroglucinol. Os resultados desta busca

estdo descritos e discutidos no Manuscrito 1.
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Abstract

In this study a phytochemical and biological investigation on five South Brazilian
Hypericum species (H. caprifoliatum, H. carinatum, H. connatum, H. myrianthum and
H. polyanthemum) was carried out. The phloroglucinol enriched fractions (PEF) of the
flowering aerial parts were analyzed by HPLC for the content of the dimeric
acylphloroglucinols uliginosin A (1), japonicin A (2), uliginosin B (3), hyperbrasilol B
(4) and to the monomeric phloroglucinols 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-
benzopyran (HP1) (5), 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-benzopyran
(HP2) (6) and 5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-benzopyran (HP3) (7).
After chemical characterization, the PEF were assayed for cell proliferation on human
keratinocyte cell line by MTT assay. The H. carinatum and H. polyanthemum PEF
demonstrated better results with an increase in cell proliferation up to about 40%. The
cell counting and Ki-67 assay with H. carinatum PEF confirmed the MTT results,

indicating its possible use as a healing agent.

Keywords: Hypericum species; wound healing; HaCaT cells; phloroglucinol

derivatives.
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1. Introduction

Olive oil solutions of some Hypericum species, known as Hyperici oleum, have been
used since ancient times for the treatment of wounds and burns in the folk medicine of
several countries, especially in Europe [1-6]. Hyperici oleum is traditionally prepared by
macerating the flowering parts of Hypericum perforatum in olive oil and exposing the
macerating to the sunlight for forty days and applied externally as home-remedy for

recovery of wounds and burns [1,2,7].

Hypericum perforatum L. (Hypericaceae) is the most known species of this family,
both for its chemical composition and pharmacological properties. Nevertheless, the
wound healing effect is lesser investigated when compared to antidepressant and other
central nervous system activities [3,7]. Chemically, Hyperici oleum do not presents
neither hypericin nor flavonoids in considerable amounts but presents substantial
concentrations of the polyprenylated acylphloroglucinol derivative hyperforin which is

considered the responsible for the effectiveness of Hyperici oleum [8,9].

The wound healing activity of H. perforatum and Hyperici oleum seems to be due to
the increase in the stimulation of fibroblast migration, collagen production and
reduction of inflammation, which are important in wound repair contributing to the
closure of the damaged area [3, 10, 11]. Recently, a mixture of oily and ethanolic (1:1)
extract of H. perforatum demonstrated to be efficient for wound healing, reducing the
time of reepithelialization of 21 days to 12 days [12]. Additionally, methanol extracts
from H. patulum and H. hookerianum also demonstrated activity in vivo with effects
comparable to that of the positive control drug, nitrofurazone ointment (0.2% w/w)
[13,14].

Research in humans also supports the effectiveness H. perforatum and Hyperici
oleum and, from this perspective, some clinical trials were performed. The results
demonstrated an important effect on cesarean wounds and plaque type psoriasis with

faster heal and reduction of pain and pruritus [15,16,17].

Among the Southern Brazilian Hypericum species, H. connatum is traditionally used
for mouth sores [18], and other species as H. caprifoliatum and H. polyanthemum

present antibacterial activity [19] while H. carinatum and H. myrianthum demonstrated

33



antifungal effect [20,21]. These activities are especially important in the wound healing
process since bacteria and fungi can infect the wound and reduce the healing speed
[4,22].

Hypericum species could constitute new drugs for wound healing. Therefore, the aim
of this study was to evaluate the activity of phloroglucinol enriched fractions of five
South Brazilian Hypericum species in the proliferation of human Kkeratinocytes,
indicative of wound healing activity, and characterize their phloroglucinol content by
HPLC.

2. Materials and Methods

2.1. General

Dulbecco’s modified Eagle’s medium (DMEM), trypsin/EDTA solution,
penicillin/streptomycin, fungizone and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were supplied by Sigma Chemical Co. (St. Louis,
MO, USA). Fetal bovine serum (FBS) was purchased from Gibco (Grand Island, NY,
USA). Ki-67 antibody (sc-23900 PE) was supplied by Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Reagent grade acetone and n-hexane (F. Maia, Sdo Paulo, Brazil)
were regularly used in the preparation of phloroglucinol enriched fractions. HPLC grade
methanol, acetonitrile (Merck, Darmstadt, Germany), formic acid (Vetec, Rio de
Janeiro, Brazil) and distilled water purified by a Milli-Q system (Millipore, Bedford,
MA, USA) were used in HPLC to characterization procedures.

2.2. Plant material

The aerial parts of H. caprifoliatum Cham. & Schlecht., H. carinatum Griseb., H.
connatum Lam., H. myrianthum Cham. & Schlecht. and H. polyanthemum Klotzsch ex
Reichardt were collected in the Rio Grande do Sul state, south Brazil, between
September and November, 2012. The plants were identified by Dr. Sérgio Bordignon
(UNILASSALE, RS, Brazil) and voucher specimens were deposited in the herbarium of
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Universidade Federal do Rio Grande do Sul (ICN) (Bordignon et al. 2287; Bordignon &
Ferraz 2309; Bordignon et al. 3317; Bordignon et al. 3059 and Bordignon et al. 3118,
respectively). The plant collection was authorized by IBAMA (Instituto Brasileiro do
Meio Ambiente e dos Recursos Renovaveis) (no. 003/2008; Protocol
02000.001717/2008-60). Hypericum perforatum L. used in this study was provided by
the Granadiet Company (lot. n. 2524, Granada, Spain) and consists in aerial parts dried

and powdered.

2.3. Preparation of phloroglucinol enriched fractions (PEF)

The air dried and powdered aerial parts of the Hypericum species were subjected to
extraction with n-hexane over 24 h (plant-solvent ratio 1:5) until exhaustion. The n-
hexane extracts were evaporated to dryness under reduced pressure and then treated
with cold acetone to obtain the phloroglucinol enriched fractions (PEF) and an insoluble
fatty residue. The PEF were stored in the dark and under refrigeration (-20 °C) until

biological evaluation and HPLC analysis.

2.4. HPLC analysis

Uliginosin A (1), japonicin A (2) uliginosin B (3), hyperbrasilol B (4), 6-isobutyryl-
5,7-dimethoxy-2,2-dimethyl-benzopyran (HP1) (5), 7-hydroxy-6-isobutyryl-5-methoxy-
2,2-dimethyl-benzopyran (HP2) (6) and 5-hydroxy-6-isobutyryl-7-methoxy-2,2-
dimethyl-benzopyran (HP3) (7) (Fig. 1) were isolated from Hypericum species as
described elsewhere [23,24,25]. The identity and purity of compounds were confirmed
by *H and **C NMR (Supplementary data). The PEF were dissolved in methanol (HPLC
grade), filtered (0.22 um pore size) and analyzed by HPLC using a Waters Nova-Pack
column 60A C18 (4 pm, 150 mm x 3.9 mm) on a Shimadzu equipment (SYNC®, Sdo
Paulo, SP, Brazil).

To analyze the dimeric acylphloroglucinols, a mobile phase gradient system
consisting of acetonitrile-methanol (8:2 v/v) (solvent B) and water (solvent A), both
acidulated with 0.1% of formic acid at 220 and 350 nm was used. The monomeric

phloroglucinols analysis was performed with an isocratic system of acetonitrile-water
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(6:4 v/v) at 270 nm. Both analyses were performed at 25 °C, at a flow rate 1 mL.min™

and a volume of 20 pL and three injections were performed for each sample [26,27].

Constituents of PEF were identified by comparison with retention times of reference
compounds. The retention times obtained for the dimeric acylphloroglucinols were 2.9;
16.77; 18.70 and 20.35 minutes for 1, 2, 3 and 4, respectively and to monomeric

phloroglucinols were 9.1; 12.9 and 21.6 minutes for 5, 6 and 7, respectively.

2.5. Evaluation of cell proliferation

2.5.1. Cell culture

HaCaT, a spontaneously immortalized human keratinocytes cell line, was kindly
donated by Dr. Luisa L. Villa (ICESP, School of Medicine, University of Sdo Paulo)
and Dr. Silvya S. Maria-Engler (Faculty of Pharmaceutical Sciences, University of S&o
Paulo). The cells were maintained in a culture flask in high-glucose DMEM
supplemented with 10% FBS, penicillin/streptomycin and fungizone at 37 °C, in 5%
CO,/95% air.

2.5.2. Preparation of PEF for proliferation assay

The PEF previously produced were utilized in the proliferation assay. A stock
solution was prepared by dissolving the PEF in a mixture of 50% sterile distilled water
and 50% DMSO. Following test samples (1, 5, 10, 15 and 20 pug/mL) were obtained by
dilution with DMEM. The final DMSO concentration was lower than 0.5% (v/v).

2.5.3. Cell viability assay

The determination of HaCaT cell growth was performed using the MTT assay. Cells
were seeded in 96-well plates (3.5 x10° cells/well) grown to semi-confluence and

treated with PEF at different concentrations.
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After 24 hours of incubation, the treatment was withdrawn, 0.5 mg/mL MTT
solution was added to each well, and plates were incubated for 3 h at 37 °C. Formazan
crystals formed by tetrazolium cleavage were dissolved with DMSO and quantified at
570 and 630 nm using a microplate reader (Spectramax MZ2e, SoftMax Pro Software
Interface 5.4.1, USA). Three independent experiments were performed in quintuplicate
for each test. Results were expressed as percentage of cell proliferation, where cells
treated with only DMEM/10% FBS were considered as 100% of cell viability.

2.5.4. Cell counting

Cell proliferation was confirmed by counting of viable cells with Trypan Blue dye
exclusion. Suspensions of cells were seeded in 96-well plates (3.5x10° cells/well),
grown to semi-confluence and treated with H. carinatum PEF at concentrations of 5, 10
and 15 pg/mL. After 24 hours of incubation, the treatments were removed, cells were
washed with phosphate-buffered saline (PBS) and 0.25% trypsin/EDTA solution was
added to detach the cells. DMEM/10% FBS was added, the suspension of cells were
diluted with Trypan Blue (1:1 v/v) to selectively stain dead cells, and viable cells
(trypan blue negative) were counted immediately by Neubauer chamber in an optical
microscope (Olympus, CX21 model, Tokyo, Japan). The results were expressed
compared to control (DMEM/10% FBS) that represents 100% of viability.

2.5.5. Ki-67 assay

Cells were seeded in 24-well plates (1.5x10" cells/well) and grow to semi-
confluence. The cells were treated with H. carinatum PEF at concentrations of 5, 10 and
15 pg/mL. Control cells were treated with only DMEM/10% FBS. After 24 hours of
incubation, the treatment was withdrawn; the cells were trypsinized and centrifuged to
obtain a pellet of cells. Cells were fixed with ethanol 70%, permeabilized with a 1%
SFB and 0.09% NaNj3, PBS solution and 10 pL of Ki-67 antibody was added to each
tube. After 20 minutes of incubation at room temperature, protected from light, the cells
were centrifuged and resuspended in PBS. In parallel, a sample was processed in the

same way except for the addition of the Ki-67 antibody (unlabelled control). The
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samples were analyzed using a FACSVerse flow cytometer (BD Biosciences, San Jose,
CA, USA).

2.6. Statistical analysis

The data were evaluated using one-way analysis of variance (ANOVA), followed by
Tukey’s post-hoc test. All results were expressed in mean = SD of three experiments in
quintuplicate. The analyses were performed using GraphPad Prism 5 software.

Differences were considered statistically significant if p< 0.05.

3. Results and discussion

In the present study, the PEF of five Hypericum species, natives to south Brazil,
were evaluated for the dimeric and monomeric phloroglucinols derivatives composition,
and influence on the HaCaT cells proliferation. In order to determine they effect,
HaCaT cells were treated with five different concentrations 1, 5, 10, 15 and 20 pg/mL
and after an incubation time of 24 hours the cell viability was assessed by MTT assay.
Considering that H. perforatum is utilized in folk medicines to treat wounds, burns and
several studies confirm this activity on in vitro and in vivo assays [3, 5-7], the PEF of
this species was included as a positive control.

The MTT results demonstrated that all extracts, except H. caprifoliatum, led to an
increase in cell proliferation with a similar pattern, characterized by an increase at lower
concentrations followed by a decrease in cell proliferation when treated with higher
concentrations (Table 1). Furthermore, H. caprifoliatum and H. myrianthum
demonstrated a reduction in the cell viability, indicating a cytotoxic effect at the highest
concentrations tested. The PEF of H. carinatum at 15 pg/mL showed an important
increase in cell proliferation, around 40%. Other studies carried out with H. perforatum
extracts in fibroblasts cell lines demonstrated that wound healing activity occurs
probably by increase in the mitotic cells and in the collagen granules. At higher
concentrations cytotoxic effects also were observed [3, 10].

Interestingly, the antiproliferative effect was previously demonstrated by the n-

hexane extracts of six Hypericum species in tumor cells and the most active were H.
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caprifoliatum and H. myrianthum with 1Csy between 4-16 pg/mL [28]. In the present
study these species showed cytotoxic signals at concentrations above 15 pg/mL,

suggesting that PEF is more aggressive to tumor than normal cells.

The increase in keratinocytes (HaCaT) proliferation is an important function in the
wound healing process, mainly in the reepithelialization and granulation tissue
formation [29]. Therefore, an increase in cells proliferation can be indicative of faster

wound healing.

When comparing the effect of South Brazilian Hypericum species with H.
perforatum it was observed that H. carinatum had a greater effect on cell proliferation
(Table 1). So, in order to confirm the results obtained for H. carinatum by the MTT
assay, the viable cells were counted using the Trypan Blue dye method. In this test, the
cells were treated with PEF at 5, 10 and 15 pg/mL and the results confirm those
obtained in the MTT method (Fig. 2).

Also, in order to ensure that this increase in the cell number in presence of H.
carinatum PEF is due to an increase in cell proliferation, the Ki-67 analysis was carried
out. The Ki-67 has been used as a marker for cell proliferation, being a nuclear protein
that is expressed in proliferating cells. A significant increase in the Ki-67 expression
was observed in cells treated with H. carinatum at 10 and 15 pg/mL (Fig. 3).

HPLC analysis was performed to determine the content of major phloroglucinols
derivatives present in the PEF of native Hypericum species and the results are shown in
Table 2. The dimeric acylphloroglucinols that were detected in most species was
uliginosin B at concentrations of 0.57 - 2.84% (mg/100 mg PEF) and japonicin A at
concentrations of 0.71 - 5.40%. The three monomeric phloroglucinols were detected
only in H. polyanthemum. The H. myrianthum PEF had the highest overall content of
dimeric phloroglucinol and was the most citotoxic species, demonstrating that these
phloroglucinols derivatives, in elevated concentrations, can be aggressive to cultured

cells (in this case keratinocytes), as demonstrated previously in cancer cell lines [28].

The phloroglucinols derivatives analysed in this study possess other important
activities that could contribute to accelerate the wound healing process. Japonicin A (2),
uliginosin B (3) and hyperbrasilol B (4) have demonstrated antimicrobial activity [30,

31]. The active PEF of H. carinatum, besides the phloroglucinol derivatives, contains
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the benzophenones carifenone A and carifenone B, compounds with antioxidant activity
[32].

4. Conclusions

Treatments that accelerate the wound healing process are important to improve the
quality of life of affected people, mainly in chronic cases. In this work an increase in the
proliferation of the keratinocytes cells when treated with Hypericum PEF, was
demonstrated. Among the species tested, H. carinatum and H. polyanthemum
demonstrated interesting results in cell proliferation, greater or similar than those
obtained with the positive control H. perforatum. These results extend the
knowledgment about the use of Hypericum species to treat wounds and burns and
suggest that the phloroglucinol derivatives can be used in future research to find new

therapies to aid in wound healing.
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Table 1. Data of cell proliferation measured by MTT assay on HaCaT cells (concentrations in pg/mL)

Control DMSO 1 5 10 15 20
H. caprifoliatum 100.0+0.0 100.0+0.4 103.0£3.3 96.2+3.3 99.8+0.8 88.5+7.4" 83.2+3.1"
H. carinatum 100.0+£0.0 99.8+0.5 98.4+3.0 99.6+2.4 129.445.277¢  138.745.477*  119.0+3.0"
H. connatum 100.0+0.0 99.6+0.6 114.946.9° 117.8¢1.17 117.246.37  112.045.1° 105.7+3.6
H. myrianthum 100.0+0.0 101.3+1.4 119.44507  116.7+4.1 106.4+6.4 90.1+7.9 70.7+6.6"
H. polyanthemum 100.0+£0.0 100.0+0.8 120.6+6.6  120.5+5.8"  118.0#3.7" = 119.4#57 114.0+#3.8"
H. perforatum 100.0+0.0 100.0+0.3 117.3#¢5.777  120.0¢7.07"  116.5+3.4° = 112.7+1.4 114.1+0.9”

Data were represented in mean = SD (n=5, three independent tests). Significantly different values were detected by one-way ANOVA followed by Tukey’s; *
p<0.05, ** p<0.01, *** p<0.001, indicate an increase in the cell proliferation, compared to control group; o p<0.05, indicate an increase in the cell
proliferation, compared to H. perforatum at same concentration; # p<0.05, indicate an reduction in the cell viability, compared to control group.
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Table 2. Contents of phloroglucinol derivatives in PEF of Hypericum species.

Hypericum species Content (%)*
1 2 3 4 5 6 7
H. caprifoliatum 0.37 £0.02 0.71 +0.03 0.90 £ 0.08 1.14 £0.02 n.d. n.d. n.d.
H. carinatum n.d. 1.14 £ 0.02 2.71+£0.03 n.d. n.d. n.d. n.d.
H. connatum n.d. n.d. 0.57 £ 0.0003 0.48 +0.01 n.d. n.d. n.d.
H. myrianthum 3.27+£0.12 5.40+0.13 2.84 £0.05 n.d. n.d. n.d. n.d.
H. polyanthemum n.d. n.d. 0.53+.0.06 n.d. 16.60 £ 0.015 19.30+£0.02 14.96 £ 0.005

*mg/100mg of phloglucinol enriched fraction (PEF); n.d.- not detected; 1- uliginosin A; 2- japonicin A; 3- uliginosin B; 4- hyperbrasilol B; 5- HP1; 6- HP2;
7- HP3.
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Figure 1. Dimeric acylphloroglucinols (1-4) and monomeric phloroglucinols (5-7)
investigated in the PEF of Hypericum species.
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Fig. 2. Cellular viability evaluated by cell counting after 24 h of treatment of HaCaT
cells with H. carinatum PEF at concentrations of 5, 10 and 15 pg/mL. Results are mean
values + SD (n = 3). Significantly different values were detected by one-way ANOVA
followed by Tukey’s test; *** p<0.001, indicates an increase in the cell counting

compared to control group (DMEM).
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Fig. 3. Ki-67 assay evaluated after 24h of treatment of HaCaT cells with H. carinatum
PEF at concentrations of 5, 10 and 15 pg/mL. (a) Flow cytometry histogram. UC
indicates unlabeled control. (b) % fluorescence intensity compared to the control,
considered as 100%. Results are mean values £ SD (n = 3). Significantly different
values were detected by one-way ANOVA followed by Tukey’s test; ** p<0.01 and ***
p<0.001, indicate an increase in the fluorescence intensity compared to control group
(DMEM).
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Supporting Information

S1. 'H NMR spectrum of uliginosin A in CDCl3;
S2. 'H NMR spectrum of japonicin A in CDCl3;
S$3.'H NMR spectrum of uliginosin B in CDCl5;
S4.'H NMR spectrum of hyperbrasilol B in CDCls;
S5.'H NMR spectrum of HP1 in CDCls;

S6. *H NMR spectrum of HP2 in CDCls;

S7.'H NMR spectrum of HP3 in CDCls;

S8. TLC analysis of commercial Hypericum perforatum.
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S8. TLC analysis of flavonoids and phenolic acids presents in the methanol extract of
commercial Hypericum perforatum. Separation on aluminum sheets precoated with
silica gel 60 Fysswith ethyl acetate : formic acid : glacial acetic acid : water
(100:11:11:26 v/v) as mobile phase. (A) visible after spraying NP/Peg reagent; (B) UV
365 nm after spraying NP/PEG reagent. HP, Hypericum perforatum; 1, chlorogenic

acid; 2, rutin; 3, quercetrin; 4, isoquercetrin; 5, hyperoside; 6, quercetin.
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3 CAPITULO 2

Isolamento de derivados diméricos de floroglucinol de Hypericum

austrobrasiliense e avaliagdo da atividade antinociceptiva.






3.1 INTRODUCAO

A dor é descrita como uma experiéncia sensorial e emocional desagr
associada a uma lesdo tecidual, real ou potencial. Além disso, apresenta um complexo
sistema de modulacdo que envolve os sistemas opidides, glutamatérgicos e
monoaminérgicos (MERSKEY & BOGDUK, 1994).

A dor é dividida em trés tipos principais: transitria, aguda e crénica. Dor
transitoria é aquela que ocorre na auséncia de lesdo tecidual e estd relacionada a
protecdo do ser humano de qualquer dano fisico. Dor aguda € desencadeada por uma
substancial lesdo tecidual, que perdura até que a cura da lesdo inicial, intervencdes
médicas sdo Uteis com o intuito de reduzir a dor e promover uma cura da lesdo mais
rapidamente (LOESER & MELZACK, 1999).

Dor crénica é geralmente desencadeada por uma lesdo, mas que se perpetua por
fatores diferentes dos causadores da dor inicial. As dores cronicas sdo inflexiveis, assim
condicdes de estresse, 0 ambiente e fatores emocionais contribuem na intensidade e
persisténcia da dor, sobrepondo até mesmo a lesdo inicial (LOESER & MELZACK,
1999). A dor cronica pode causar muitos déficits nas funcdes fisicas, sociais,
ocupacionais e recreacionais, sendo de grande impacto no individuo e até mesmo nos
sistemas de salde (ZALE et al., 2013).

As opcodes terapéuticas que podem ser utilizadas no tratamento da dor, tanto
aguda quanto cronica, incluem diversas classes de farmacos, como anti-inflamatérios
ndo esteroides, opioides, antidepressivos triciclicos e anticonvulsivantes. Entretanto, as
dores crénicas devem ser tratadas com terapias continuas e tendo uma reavaliacdo
peridédica do quadro clinico para obtencdo de melhores resultados (ASHBURN &
STAATS, 1999).

Devido a importancia que o alivio da dor tem para a populacdo, a busca de
novos agentes analgésicos é de grande valia e as plantas medicinais sd&o uma fonte

interessante, considerando a descoberta da morfina (isolada de Papaver somniferum L.)
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e o desenvolvimento do acido acetilsalicilico a partir do acido salicilico (isolado de
Salix alba L.), que ainda permanecem como valiosas opc¢Oes terapéuticas (MCCURDY
& SCULLY, 2005).

Nesta perspectiva de busca de analgésicos a partir de fontes naturais pode-se
enquadrar Hypericum perforatum. Esta planta é reconhecida principalmente por suas
aplicacBes populares no tratamento de feridas, queimaduras (WOLFLE et al., 2014) e
na utilizacdo de extratos padronizados para o tratamento de casos de depressdo leve a
moderada (BILIA et al., 2002; MENNINI & GOBBI, 2004; KASPER et al., 2010).
Entretanto, outra linha de pesquisa vem se desenvolvendo com essa planta que é a sua
utilizacdo no tratamento da dor. Os estudos realizados até 0 momento demonstram
efeito no controle da dor aguda, dor neuropatica e da neuropatia diabética. A
naftodiantrona hipericina e o derivado de floroglucinol hiperforina parecem ser 0s
compostos ativos responsaveis pelas atividades descritas, sendo os flavonoides, nestes
casos, inefetivos (GALEOTT] et al., 2010a; 2010b; 2013; 2014).

Na busca por novos agentes para o tratamento da dor destacam-se os trabalhos
de isolamento e identificacdo de derivados diméricos de floroglucinol, substancias
encontradas principalmente em espécies das se¢es Brathys e Trigynobrathys do género
Hypericum. Até o momento, trinta e um diferentes compostos foram identificados
nestas plantas, sendo considerados marcadores quimiotaxondémicos. (CCANA-
CCAPATINTA et al., 2013). A estes compostos tém sido relatadas diversas atividades
bioldgicas, como antidepressiva (STEIN et al., 2012), antinociceptiva (STOLZ et al.,
2012; 2014a; 2014b), antimicrobiana (JAYASURIYA et al., 1989; 1991) e citotdxica
contra linhagens de cancer (JAYASURIYA et al., 1989; PINHATTI et al., 2013).

Utilizar fontes naturais na busca por novas estruturas quimicas que tenham
atividades terapéuticas e/ou sirvam de prototipos para identificacdo dos grupos
farmacofdricos continua sendo uma importante fonte de descoberta de farmacos, mesmo
com o crescimento da participacdo de farmacos estritamente sintéticos (CRAGG &
NEWMANN, 2012).

Tendo em vista a importancia de se pesquisar novas fontes de compostos com

atividade antinociceptiva e ampliar o conhecimento sobre a ocorréncia de derivados

64



diméricos de floroglucinol o presente capitulo tem por objetivo realizar procedimentos
de isolamento e elucidacdo estrutural de floroglucindis diméricos presentes no extrato n-
hexano de H. austrobrasiliense e H. caprifoliatum e testar os compostos isolados em um
modelo animal de nocicepcdo. Os resultados estdo apresentados no Manuscrito 1l e na

secdo Resultados Adicionais.
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Dimeric acylphloroglucinols from Hypericum austrobrasiliense exhibit

antinociceptive activity in mice.
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ABSTRACT
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Three new dimeric acylphloroglucinols, austrobrasilol A (1), austrobrasilol B (2) and
isoaustrobrasilol B (3) were isolated from the flowers of Hypericum austrobrasiliense.
Their structures were elucidated using mass spectrometry and NMR experiments (1D
and 2D), and by comparison with previously reported data for other dimeric
acylphloroglucinols isolated from Hypericum and Elaphoglossum genera. The three
compounds were orally administered in mice at equimolar doses to uliginosin B (15
mg/kg, po) displaying antinociceptive activity at the hot-plate test. The compounds did

not induce motor impairment in the rotarod apparatus.
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Species of Hypericum have been widely recognized for their biological properties.
Hypericum perforatum (Hypericaceae, section Hypericum) (St. John’s wort) is the most
studied, especially regarding its use to treat mild to moderate depression.’ In addition,
pre-clinical studies demonstrated the antinociceptive activity of H. perforatum
extracts.*> The antidepressant and antinociceptive effects are attributed to flavonoids,
naphthodianthrones, as hypericin, and especially to monomeric acylphloroglucinols, as

hyperforin and adhyperforin.* *®

In species of the genus Hypericum belonging to sections Brathys and
Trigynobrathys, polycyclic polyprenylated acylphloroglucinols have not been found.
Instead, dimeric acylphloroglucinols are typically described and proposed as
chemotaxonomic markers.” Pre-clinical studies on dimeric acylphloroglucinols suggest
that this natural molecular scaffold might be promising for the development of new

analgesic®*° and antidepressant drugs.™ ™

Uliginosin B, a common dimeric acylphloroglucinol found in many species of
Hypericum from sections Brathys and Trigynobrathys’, has been studied for its
antidepressant-like' and antinociceptive® effects by our group. The mechanism of
action is not yet completely elucidated, but seems to be related to the inhibition of

neuronal monoamine reuptake.®*°

In this context, considering to the chemotaxonomic importance and pharmacological

properties of these metabolites, the present study was aimed to isolate dimeric

71



acylphloroglucinols from the flowers of Hypericum austrobrasiliense VVog.Ely, Boldrini
& Bordignon® (Trigynobrathys section), a recently described new species from

Southern Brazil, and evaluate their antinociceptive activity.

The air-dried flowers of H. austrobrasiliense were subject to maceration at room
temperature with n-hexane. The extract was fractioned as described in Experimental
Section, affording three new dimeric acylphloroglucinols, austrobrasilol A (1),

austrobrasilol B (2) and isoaustrobrasilol B (3).

The HRESIMS of compound 1 exhibited a pseudomolecular ion peak [M+H]" at m/z
555.2974, consistent with a molecular formula of C3,H4,0g. The intense peaks at 1600-
1642 cm™ in the IR experiment and a signal at very low field (dy 18.70) in the *H NMR
spectrum of compound 1 (Table 1), were suggestive of a hydrogen bond between an
enolic proton and an acyl side chain. Additionally, the presence of carbon signals of a
carbonyl (C-1, oc 187.5), four enolic carbons (C-2, oc 109.0; C-3, oc 169.3; C-5, dc
198.1; C-6, dc 113.6) and a disubstituted quaternary carbon (C-4, dc 48.9) in the °C
NMR spectrum of 1 confirmed the presence of an acylfilicinic acid moiety. A methyl
(0w 1.52) and a C-prenyl groups were determined as the substituents at C-4, confirmed
by key HMBC correlations between H-9 and C-10, C-11, C-4 and C-5 (Figure 1). These
observations together with the HMBC correlation between OH-5 and C-4, C-5, C-6 and
C-14, confirm the presence of an acyl side chain linked to C-6. An isobutyryl group was
identified as the acyl moiety linked to C-6 by the presence of a *H NMR signal at Jy
4.19 (H-15) and its HMBC correlations (low intensity) with C-14, C-16 and C-17. The

broad singlet signal at oy 3.56 was suggestive of methylene bridge that links the
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acylfilicinic acid moiety to an aromatic ring. The phloroglucinol moiety was inferred as
the second ring of compound 1 by the presence of three proton signals corresponding to
hydroxyl groups (OH-6’, oy 11.22; OH-8’, oy 14.10; OH-10’, o4 6.52) and the
respective signals of oxygen-bearing aromatic carbons (C-6’, dc 159.1; C-8°, dc 160.4;
C-10’, oc 158.8). Signals indicative of a second C-prenyl side chain, linked to C-11°,
were seen in the "H and *C NMR spectra of compound 1, which resembled the prenyl
signals reported for uliginosin A'® and to hyperbrasilol C.!" Different to the acetyl, n-
propionyl, iso-butyryl or 2-methylbutyryl functionalities reported until now in
Hypericum dimeric acylphloroglucinols’, compound 1 presents a n-butyryl side chain
located at C-9’. This side chain has been previously found in dimeric
acylphloroglucinols isolated from the fern Elaphoglossum crassipes.** Compound 1 was
identified by spectroscopic analysis as 2-((2,4,6-trinydroxy-3-(3-methylbut-2-enyl)-5-n-
butyryl)-phenyl-methyl)-3,5-dihydroxy-6-isobutyryl-4-methyl-4-(3-methylbut-2-

enyl)cyclohexa-2,5-dienone, and trivially named austrobrasilol A.

The circular dichroism (CD) spectrum of austrobrasilol A (1) showed positive
Cotton effects at Ae 204 +2.72, Ae 267 +0.48, Ae 353 +1.11 and negative Cotton effects
at Ae 239 -2.13, Ae 293 -0.67 (Supporting Information S.10). The absolute configuration
of C-4 was established as R by comparing the experimental circular dichroism of
austrobrasilol A to experimental and simulated CD spectra (R and S enantiomers) of

crassipin A.**

The HRESIMS of compound 2 exhibited a pseudomolecular ion peak [M+H]" at m/z
553.2824, consistent with a molecular formula of Cs,H400s. The *H and **C NMR data

of 2 (Table 1) indicated a structural similarity to hyperbrasilol B, a compound first
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isolated from H. brasiliense’’” and to austrobrasilol A (1). In the *H NMR spectrum a
pair of doublets at J4 5.56 and Jy 6.65, two singlets (oy 1.50; 1.51), related to geminal
methyl groups, and proton signals due to two hydroxyl groups (OH-6’, dy4 11.40; OH-8’,
dn 16.30), together with the **C NMR signals of three oxygen-bearing carbons (C-6°, dc
159.1; C-8’, Jc 161.4; C-10°, oc 155.6), indicated the presence of a 2,2-dimethyl
chromene ring. Hence, compound 2 was identified by spectroscopic analysis as 2-((5,7-
dihydroxy-2,2-dimethyl-8-n-butyryl)chroman-6-yl)methyl)-3,5-dihydroxy-6-isobutyryl-
4-methyl-4-(3-methylbut-2-enyl)cyclohexa-2,5-dienone, and trivially ~ named

austrobrasilol B.

The HRESIMS of the compound 3 exhibited a pseudomolecular ion peak [M+H]" at
m/z 553.2815, consistent with a molecular formula of C3;H400g. The *H and *C NMR
data of compound 3 (Table 1) greatly resembled those data of austrobrasilol B (2), with
main differences occurring in the proton signals of OH-8’, oy 11.70 and OH-10’, oy
14.12. These proton signals chemical shifts of 3 are in agreement with data described
for isohyperbrasilol B, isouliginosin B and isodrummondin D*, suggesting that the
cyclization pattern must involve OH-6’ instead of OH-10". Hence, this compound is an
isomer of compound 2 and was identified by spectroscopic analysis as 2-((5,7-
dihydroxy-2,2-dimethyl-6-n-butyryl)chroman-8-yl)methyl)-3,5-dihydroxy-6-isobutyryl-
4-methyl-4-(3-methylbut-2-enyl)cyclohexa-2,5-dienone, and trivially ~ named

isoaustrobrasilol B (3).

Austrobrasilols have significant structural similarities with uliginosin B. The
presence of a prenyl and a n-butyryl side chains are the main differences between

uliginosin B and austrobrasilol B (2) and isoaustrobrasilol B (3). In addition,
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austrobrasilol A (1) differs from uliginosin B in the presence of a C-prenyl side chain

linked to the phloroglucinol moiety, instead of an benzopyran ring.

Uliginosin B has been proposed as a prototype for developing drugs with analgesic
and antidepressant actions.®'%*? These effects seem to be consequence of its capacity to
increase the availability of monoamines in the synaptic cleft in a different manner of
classical antidepressants.*? The antinociceptive effect also involves the activation of
glutamatergic and opioid receptors.®*® Recently, it was demonstrated that uliginosin B

could be a potential drug to reduce the dosage of morphine in clinical practice.’

In this context, the effect of the treatments with austrobrasilol A (1), austrobrasilol B
(2) and isoaustrobrasilol B (3) in the antinociceptive and motor coordination assays
were evaluated in mice treated by gavage with doses of 3.0 mol/kg, equimolar to the

uliginosin B dose with antinociceptive effect.?

Austrobrasilol A (1), austrobrasilol B (2) and isoaustrobrasilol B (3), as well the
positive control (morphine) presented antinociceptive effect in the hot-plate test (Figure
2; two way RM ANOVA: Fieatment (a99) = 7.741, p<0.001; Fexposition (1,99) = 66.263,
p<0.001; Finteraction (499) = 13.841, p<0.001). Post-hoc analysis indicated a significant
increase in the latency response in mice treated with austrobrasilol A (1) and
isoaustrobrasilol B (3) in comparison with vehicle at second exposition (T60 — p<0.05).
Additionally, all the three new dimeric acylphloroglucinols increased the latency time
compared to respective basal exposition (austrobrasilol A (1): p<0.05; austrobrasilol B
(2): p<0.05; isoaustrobrasilol B (3): p<0.01). The magnitude of antinociceptive effects

of austrobrasilol A (25.4 + 6.4), austrobrasilol B (20.2 + 7.8) and isoaustrobrasilol B
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(31.7 = 10.3) are comparable to previously described for uliginosin B (21.8 + 2.4), at

equimolar dose.?

In addition, the treatment with austrobrasilol A (1), austrobrasilol B (2),
isoaustrobrasilol (3) did not induced motor impairment in mice subjected to the rotarod
test, indicating that the antinociceptive effects are not associated with sedative, muscle
relaxant or hypotensive actions. Two way RM ANOVA revealed that only the positive
control (haloperidol) increased the number of falls (Figure 3A: Fyeatment 5,95) = 16.723,
p<0.001; Fexposition (1,95) = 12.672, p<0.001; Finteraction 5,95y = 15.808, p<0.001) and reduced
the permanence time (Figure 3B; Fireatment (6,95) = 6.532, p<0.001; Fexposition (1,95) = 5.236,

p<0.05; Finteraction (6,95) = 15.504, p<0.001) when compared to vehicle group.

In summary, in the present study three new dimeric acylphloroglucinols from H.
austrobrasiliense were identified and their antinociceptive properties in mice were
demonstrated, reinforcing the potential of the dimeric acylphloroglucinols natural

molecular scaffolds for developing new analgesic drugs.
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EXPERIMENTAL SECTION

General Procedures. Optical rotations were recorded using a Perkin Elmer model
341 polarimeter. UV spectra were recorded in a Hewlett-Packard model 8452A diode
array spectrophotometer. ECD spectra were recorded on a Jasco J-810
spectropolarimeter. IR spectra were obtained on a Perkin Elmer Spectrum BX FT-IR
spectrometer. 1D- and 2D-NMR spectra were measured at 25 °C on a Varian MR400
spectrometer (at 400 MHz for *H and 100 MHz for **C). Spectra were recorded in
acetone-ds (99.9%, Sigma Aldrich, St. Louis, MO, USA) referenced against residual
non-deuterated solvent (acetone-dg: dy 2.05/dc 29.8). 1D- (*H, *C, APT) and 2D-NMR
(COSY, HMBC and HSQC) spectra were obtained by using the standard pulse
sequences from the Varian user library. Spectra of isolated compounds are provided as
Supporting Information. HRESIMS were acquired in positive-ion mode on a Waters
Q-TOF Premier spectrometer equipped with a nanospray ion source. Reagent grade
acetone, dichloromethane, ethyl acetate, n-hexane, methanol (F. Maia, S&o Paulo,
Brazil) and formic acid (Vetec, Rio de Janeiro, Brazil) were regularly used in the
extraction and isolation procedures. In order to visualize the isolation development, the
extract and the fractions were submitted to thin-layer chromatography (TLC) in
precoated silica gel 60 Fjs4 plates (Merck, Darmstadt, Germany) as stationary phase,
using n-hexane: ethyl acetate (95:5) as mobile phase. After elution the plates were
observed under 254 and 356 nm UV light and revealed by spraying with anisaldehyde -
sulfuric reagent with subsequent heating. Vacuum liquid chromatography (VLC) was
carried out on silica gel 60 (0.06-0.2 mm; Acros Organics, New Jersey, USA) and

column chromatography (CC) on silica gel 60 (0.035-0.07 mm; Acros Organics, New
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Jersey, USA). Centrifugal planar chromatography (CPC) was carried out on silica gel
60 G Fas4 (1 mm plates) using a Chromatotron™ instrument (model 7924T, Harrison

Research, San Bruno, CA, USA).

Plant Material. The aerial parts of Hypericum austrobrasiliense were collected in
Séo Jose dos Ausentes, South Brazil (October, 2012). The plant was identified by Dr.
Sérgio Bordignon (UNILASSALE, RS, Brazil) and voucher specimens are deposited in
the herbarium of Universidade Federal do Rio Grande do Sul (ICN) (Bordignon & von
Poser 3454). The plant collection was authorized by IBAMA (Instituto Brasileiro do
Meio Ambiente e dos Recursos Renovaveis) (no. 003/2008; Protocol

02000.001717/2008-60).

Extraction and Isolation. The air dried and powdered flowers (ca. 400 g) were
successively extracted by maceration with n-hexane over 24 h (plant-solvent ratio 1:5)
until exhaustion. The extract was evaporated to dryness under reduced pressure and then
treated with cold acetone to obtain the acetone-soluble fractions (18 g) and an insoluble

fatty residue.

The acetone-soluble fraction (18 g) of H. austrobrasiliense was subjected to VLC using
a gradient elution of n-hexane:CH,ClI, (100:0->0:100) to afford 16 fractions (Fr. 1-16).
The Fr. 1-5 (n-hexane:CH,Cl,, 100:0->20:80) were subjected to repeated CPC using a
gradient elution of n-hexane:acetone (100:0->90:10) as mobile phase to obtain 2 (n-
hexane:acetone, 100:0- 97:3) (80 mg) and 3 (n-hexane:acetone, 95:5- 92:8) (50 mg).
The Fr. 7-10 (n-hexane:CH,Cl,, 75:25->50:50) were further fractioned by CC using a

gradient elution of n-hexane:CH,Cl, (100:0->0:100) to yield 12 subfractions (SbFr. 1-
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12). The SbFr. 2-6 (n-hexane:CH,Cl,, 90:10-70:30) were fractioned on CPC using
gradient elution of n-hexane:CH,Cl, (90:10-50:50) with 0.25 formic acid to obtain 1

(60 mg) (n-hexane:CH,Cl; (75:25->65:35) with 0.25 formic acid).

Austrobrasilol A (1): yellow oil; [e] iﬂ -18.5 (¢ 1.0, CHCI3); UV (EtOH) Amax(log &)

226 (4.24), 300 (4.22), 350 (4.06) nm; IR (neat) vmax 3154, 2966, 2932, 1639, 1605,
1433, 1376, 1199, 1139 cm™; *H and **C NMR see Table 1; ESIMS m/z 555 [M+H]"(3),
499 (4), 431 (6), 333 (3), 291 (4), 277 (100), 223 (20) 209 (6); HRESIMS m/z 555.2974

[M+H]+(calcd for C3,H420g, 555.2958).

Austrobrasilol B (2): yellow oil; [«] f-40.9(c 1.0, CHCI3); UV (EtOH) Amax(log ¢)

226 (4.34), 288 (4.30), 358 (4.09) nm; IR (neat) vmax 3240, 2966, 2932, 1641, 1599,
1428, 1361, 1300, 1236, 1199, 1171, 1132 cm™; 'H and *C NMR see Table 1; ESIMS
m/z 553 [M+H]"(10), 485 (2), 331 (6), 275 (100), 263 (15), 223 (11); HRESIMS m/z

553.2824 [M+H]"(calcd for C3H400s, 553.2801).

Isoaustrobrasilol B (3): yellow oil; [«] 2If’-29.6 (c 1.0, CHCl3); UV (EtOH) Amax(log

¢) 228 (4.30), 278 (4.43), 356 (4.13); IR (neat) vmax 3241, 2968, 2935, 2358, 1641, 1603,
1462, 1431, 1289, 1236, 1197, 1141 cm™: *H and *C NMR see Table 1; ESIMS m/z
553 [M+H]"(5), 485 (3), 427 (4), 279 (9), 275 (100), 263 (14), 223 (20); HRESIMS m/z

553.2815 [M+H]"(calcd for C3;H400g553.2801).

Animals. Adult male CF1 mice (25-35 g) were purchased from Universidade

Federal de Santa Maria-RS colony. The animals were housed 6 mice per plastic cages
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(L: 28 cm, W: 17 cm, H: 13 cm) under a 12 h light/dark cycle (lights on at 7:00 A.M.) at
constant temperature (23 + 1 °C) with free access to standard certified rodent diet
(Nuvilab CR-1®) and tap water. All experiments were approved by a local research
ethical committee (UFRGS, number 23825/2012) and were in compliance with

Brazilian law.?%%

Drugs and Treatments. Haloperidol by Sigma-Aldrich co. (St. Louis, MO, USA),
Morphine-Dimorf® by Cristalia (S&o Paulo, Brazil), and polysorbate 80 by Merck
(Darmstadt, Germany). The isolated compounds were suspended in saline with 2% of
polysorbate 80 immediately before using. The compounds were administered by oral
(gavage) route, sixty minutes before the behavioral experiments. The animals were
treated with 3.0 10™ mol/kg yielding a suspension concentration of austrobrasilol A (1)
(16.7 mg/kg), austrobrasilol B (2) (16.6 mg/kg) and isoaustrobrasilol B (3) (16.6
mg/kg). The doses were based on equimolar doses of uliginosin B, a dimeric
acylphloroglucinol with antinociceptive activity at 15 mg/kg (po).® All treatments were

administered at 10 mL/kg body weight.

Hot-Plate Test. Firstly, mice were habituated to nonfunctioning hot-plate apparatus
(Ugo-Basile) for 1 min. Thirty minutes later the animals were placed on the functioning
hot-plate (55 + 1 °C) to determine the baseline responsiveness. The time elapsed until
the animal licked one of its hind paws or jumped was recorded in seconds. Mice that
presented a baseline reaction of more than 20 s were excluded from the test.
Subsequently the animals were treated with the isolated compounds (16.7 mg/kg for 1;

16.6 mg/kg, for 2 and 3, po), morphine (10 mg/kg, po) and vehicle (10 mL/kg, po).
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Sixty minutes after the gavage, mice were placed on the hot-plate. A maximum latency

time of 40 s was imposed.

Motor Coordination Test: Rotarod. The apparatus consisted of a cylinder of 3 cm
of diameter rotating at 5 rpm. One day before testing, the animals were trained once
during 5 min. On the test day, the mice were place in the apparatus again to determine
the baseline responsiveness. Only mice that were able to stay 90 s balanced on the
rotarod were selected for testing. The selected mice received the isolated compounds
(16.7 mg/kg for 1; 16.6 mg/kg, for 2 and 3, po), morphine (10 mg/kg, po), haloperidol
(4 mg/kg, po) and vehicle (10 mL/kg, po) treatment and sixty minutes after the
performance was measured. The integrity of motor coordination was assessed on the

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

Statistical Analysis. The data were evaluated using two-way repeated measures
(RM) analysis of variance (ANOVA), followed by Student-Newmann-Keuls post-hoc
test. All results were expressed as mean = S.E.M. The analyses were performed using
Sigma Stat 3.2 software (Jandel Scientific Corporation). Differences were considered

statistically significant at p<0.05.
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Figure 1. Key COSY and HMBC correlations of austrobrasilol A (1).
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Figure 2. Effect of the treatment with austrobrasilol A (16.7 mg/kg, po) (1),

Latency (s)

austrobrasilol B (16.6 mg/kg, po) (2), isoaustrobrasilol B (16.6 mg/kg, po) (3) and
morphine (10 mg/kg, po) on the mice hot-plate test. Data presented in mean + SEM
(n=10 mice/group). Significantly different values were detected by two-way RM
ANOVA followed by Student-Newmann-Keuls test: *** p<0.001, * p<0.05 compared
to vehicle (VEH), ### p<0.001, ## p<0.01, # p<0.05 compared to basal latency.
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Figure 3. Effect of the treatment with austrobrasilol A (16.7 mg/kg, po) (1),
austrobrasilol B (16.6 mg/kg, po) (2), isoaustrobrasilol B (16.6 mg/kg, po) (3),
morphine (MOR) (10 mg/kg, po) and haloperidol (HAL) (4 mg/kg, po) on the number
of falls (Panel A) and the highest permanence time (Panel B) of mice on rotarod test.
The results are presented as mean + SEM (n=8 mice/group). Significantly different
values were detected by two-way RM ANOVA followed by Student-Newmann-Keuls
test: *** p<0.001, compared to vehicle SAL, ### p<0.001, compared to baseline

responsiveness.
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Table 1. NMR spectroscopic data for compounds 1, 2 and 3 in acetone-dg.?

— 1 2 3
Position o, type  on@inHz)  HMBC o, type  oudinHz)  HMBC o, type  ondinHz)  HMBC
1 1875, C 187.6,C : 187.7,C -
2 109.0, C 108.9, C i 108.9, C i
3 169.3,C 169.7,C i 169.3, C i
4 489, C 489, C i 4838, C i
5 198.1, C 198.3,C i 198.1, C i
6 1136, C 113.3,C i 113.2,C -
7 165,CH, 356brs 1,23, 160,CH, 353brs 1,23, 162,CH, 358brs 1,23
6,7,8 6,7,8 6,7, 8
8 214,CH; 1525 4,59 220,CH; 150 4,59 220,CH,  154s  3,4,5,9
9 383,CH, 2528m 45,10, 11 384,CH, 25-28m  4,5,10, 11 38.4,CH, 2.6-28m 3, 4,5, 10,
11
10 1173,CH  462brt 1174,CH  4.60brt 12,13 1174,CH  464brt 9,12, 13
11 135.7,C 135.6, C : 135.6, C i
12 166,CH, 1325 10, 11 167,CH, 131 10, 11 16.7,CH, 1325 10, 11
13 247,CH, 1345 10, 11 247,CH; 1335 10, 11 247,CH,  1.39s 10, 11
14 209.9, C 200.9, C i 210.0, C i
15 36.4,CH 419unres. 14,16, 17 36.4,CH  418sep 14,16, 17 365 CH  418sep 14,16, 17
(13.5; 6.8) (13.4: 6.7)
16 186,CH, 1.14d(25) 14,15 180,CH,  1.16d 14,15 179,CH,  1.14d 14,15
(3.2)
17 189,CH, 1.16d(25) 14,15 186,CH,  1.17d 14,15 186,CH,  1.16d 14,15
(3.2)
P 171,CH, 163 3, 4 270,CH;  150s 3,4 267,CH; 1555 20,34
2 249,CH; 1755 3,4 272,CH; 1515 3,4 271,CH;  163s  20.3.4
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3’
4,

5’

11’

14

15°
3-OH
5-OH
6’-OH
8’-OH
10°-OH

122.4,C
131.7,CH

22.4, CH,

159.1,C
107.9,C
160.4,C
104.9,C
158.8, C
105.7,C
206.8, C
45.5, CH,
18.0, CH;

13.3, CH;

5.12 brt
(6.7)
3.38brd
(4.5)

3.14m
1.70 (@),
buried
0.95t (7.6)
9.925°
18.70 s
11.22s°

14.10 s
6.52s"

13, 2’,3:

34,10

9,12, 14
12°,13°,15°

13°, 14’
4
4,5,6, 14
1
12°

78.2,C
125.2, CH

116.7, CH

159.1,C
106.1,C
161.4,C
104.1,C
155.6,C
1035,C
206.5, C
45.5, CH,
18.2, CH,

13.4, CH;

3.11m
1.73 sex
(7.4)
1.01t(7.4)
9.90s
18.70 s

11.40s
16.30 s

3’,10°, 11°

3’,10°, 11°

12°,14°,15°
12°,13°,15°

13°, 14
2,3,4
4,5,6
6,11
7,8,9

80.5, C
124.8, CH

116.3, CH

159.8,C
106.1,C
160.3,C
105.2,C
154.9,C
101.8,C
207.0,C
46.1, CH,
18.2, CH;

13.4, CH;

5,61d
(10.0)
6.66 d
(10.0)

3.12m
1.70 sex
(7.4)
1.00t (7.4)
9.08s
18.73s

11.70s
1412

1’,2°,3°,
11’

3,6, 10,
11’

12°,14°,15°
12°,13°,15°

13°, 14’
1,3,5
4,5, 6, 14

7.8,9
9,100,117

% Data were measured at 400 MHz for 'H and 100 MHz for °C, respectively. The assignments were based on COSY, HSQC and HMBC experiments.
® Observed in a 60 MHz NMR equipment in CDCl,
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4 RESULTADOS ADICIONAIS






Além do isolamento de floroglucindis diméricos da espécie H. austrobrasiliense
durante o desenvolvimento deste trabalho foram também investigadas as partes aéreas de H.
caprifoliatum, levando ao isolamento de hiperbrasilol B (1) e iso-hiperbrasilol B (2) e uma
mistura de dois floroglucindis (compostos 3 e 4) cujas estruturas ndo estdo, até 0 momento,

completamente elucidadas.

Materiais e métodos

Procedimentos gerais

Os espectros de 1D- e 2D-RMN foram obtidos em um espectrometro Varian MR400
(operando a 400 MHz para *H e 100 MHz para *C). Os espectros foram realizados em
acetona-ds (99,9%, Sigma-Aldrich, St Louis, MO,USA) e cloroférmio deuterado (CDCls)
(99,5 %, Merck, Darmstadt, Alemanha) mantendo como referéncia o sinal residual do
solvente ndo deuterado (on 2.05/0c 29.8 para acetona-dg e J0n7.27/0c77.0 para CDCly).
Espectros de massas foram obtidos em um espectrometro Waters Q-TOF Premier equipado

com uma fonte nanospray de ions operando em modo positivo.

Acetona, diclorometano, n-hexano, acetato de etila, (F. Maia, Cotia, S&o Paulo, Brasil)
e acido formico (Vetec, Rio de Janeiro, Brasil) foram utilizados no processo de extracdo e
isolamento. Para visualizar o processo de isolamento, as fracGes obtidas ap6s 0s processos
cromatogréaficos foram submetidos a anélise por cromatografia em camada delgada (CCD) em
cromatoplacas de aluminio revestidas com silica gel 60 F254 (Merck, Darmstadt, Alemanha)
como fase estacionaria e n-hexano- acetato de etila (95:5) como fase movel. Apds a eluicdo as
placas foram analisadas sob luz UV (254 e 356 nm) e reveladas com a aplicagédo de
anisaldeido sulfurico e posterior aquecimento. Cromatografia liquida a vacuo (CLV) foi
realizada com silica gel 60 (0.06-0.2 mm; Acros Organics, New Jersey, USA) e cromatografia
centrifuga planar (CCP) for realizada com silica gel 60 G F,s4 (placas de 1 mm) utilizando o

equipamento Chromatotron™ (modelo 7924T, Harrison Research, San Bruno, CA, USA).

Material vegetal

As partes aéreas em floracdo de H.caprifoliatum foram coletadas em Porto Alegre —
RS (Outubro de 2012). A planta foi identificada pelo Dr. Sérgio Bordignon (UNILASSALE,
RS, Brazil) comparando a planta coletada com a exsicata depositada no herbario da

121



Universidade Federal do Rio Grande do Sul (ICN) (Bordignon et al., 2287). A coleta foi
autorizada pelo IBAMA (Instituto Brasileiro do Meio Ambiente e dos Recursos Renovaveis)
(no. 003/2008; Protocolo 02000.001717/2008-60).

Extracéo e isolamento

As flores secas e moidas (aproximadamente 500 g) foram maceradas sucessivamente
com n-hexano em ciclos de 24h (relagdo planta-solvente 1:5) até a exaustdo. O extrato livre de
solventes foi tratado com acetona gelada para obter a fragcdo sollvel em acetona (aprox. 25 g)

e um residuo graxo insoltvel.

A fracdo solivel em acetona (aprox. 15 g) foi submetida a CLV utilizando-se um
gradiente de eluicdo de n-hexano:diclorometano (100:0-0:100) como fase movel, obtendo-se
12 fraces (Fr.1-12). As Fr. 1-4 foram submetidas a repetidas CCP utilizando um gradiente de
eluicdo de n-hexano-acetona (100:0-90-10) como fase mdvel, obtendo dessa forma o
composto 1 (70 mg). No processo de isolamento do composto 1 foram obtidas duas sub-
fragdes (SbFr. 1-2). A SbFr. 1 foi submetida a CCP utilizando o gradiente de elui¢do n-
hexano-acetato de etila (100:0-90:10) como fase mdvel, para o obtencdo do composto 2 (35
mg). A SbFr. 2 foi submetida a CCP eluido com n-hexano-diclorometano-acido férmico
(100:0:0,25-50:50:0,25) obtendo-se, dessa forma, a mistura dos compostos 3 e 4 (SbFr. 2.1)
(250 mg).

RESULTADOS

Das flores de Hypericum caprifoliatum foram isolados dois floroglucindis diméricos
identificados através de técnicas de RMN (*H e *C) (Dados em Material Suplementar 1-6)
e espectrometria de massas como hiperbrasilol B (1) e iso-hiperbrasilol B (2), comparando-se
dados previamente relatados na literatura. Além dos dois compostos previamente

identificados, foi realizada a tentativa de isolamento do floroglucinol dimérico HC1.

Trabalhos anteriores do grupo descrevem que ocomposto codificado como HC1 seria
um derivado de floroglucinol dimérico com uma porc¢éo acilfilicinica ligado por uma ponte
metilénica a porgéo floroglucinol. Além disso, na porcdo floroglucinol ndo haveria a presenca
do anel benzopirano, pois a prenila ligada no carbono C-11’° néo estaria ciclizada na hidroxila

10’ (da mesma forma que ocorre na uliginosina A e hiperbrasilol C). Esta substancia teria
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massa provavel de 554, correspondente a férmula molecular C3,H4,0g (DAUDT et al., 2000;
NOR, 2007).

No processo de isolamento chegou-se a uma fracdo (SbFr. 2.1) que apresenta
caracteristicas cromatograficas (Fracdo n° 8 da CCD; Figura 3) semelhantes as encontradas
no trabalho anterior como sendo do composto HC1. Desta forma, foram realizadas
espectrometria de massas e espectroscopia de RMN 1D-(*H, *C, APT) e 2D-(HSQC,
HMBC).

¢ ¥ 3

Figura 3. CCD das fragdes obtidas na CCP com a SbFr. 2, eluida com hexano

diclorometano-acido férmico (60:40:0.25%) e revelada com anisaldeido-sulfarico.

A anélise do espectro de massas revelou dois fragmentos principais de m/z 623e m/z
555. A partir de entdo o composto de m/z 623 foi denominado composto 3 (correspondente a
formula molecular C3;Hs00g) e 0 composto de m/z 555 de composto 4 (correspondente a

formula molecular C3,H4,0g).

Os espectros de RMN de 'H demonstram sinais que sugerem a presenca de
floroglucindis diméricos na amostra, como o sinal em Jy 18.73, caracteristico do sistema

enolizavel S-tricetona, o sinal em dy 3.55 relativo a ponte metilénica e os sinais em oy 4.08 e
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4.19, relativos a H-15 e H-13’ presentes nas isobutirilas. Entretanto, quando é realizada a
integracdo destes picos 0os mesmos encontram-se duplicados, sugerindo-se novamente a

presenca de dois compostos na mistura.

Com os dados de RMN e massas acima citados sugere-se que 0s compostos 3 e 4
sejam floroglucindis diméricos com estruturas quimicas ainda inéditas na literatura e que
teriam como principal diferenca a presenga de uma geranila ligada no C-4 no composto 3 e

uma prenila neste mesmo carbono no composto 4 (Figura 4).

OH

/\)i 16 17
16

15

3 R=.14 t 18

4 R=H

Figura 4. Estrutura quimica proposta para 0s compostos 3 e 4.

Além dos dados de RMN, os espectros de massas foram de grande valia na tentativa
de elucidacdo destas novas estruturas, pois o composto 4 tem o perfil cromatogréafico e
fragmento de massas (m/z 555) previamente relatado como sendo do composto HC1. Além
disso, a m/z 623 apresentada pelo composto 3 tem o acréscimo de 68 u.m.a., sendo esta massa
adicional relativa a presenca de uma geranila ligada em C-4, diferentemente do composto 2

que apresenta uma prenila nesta posicao.

Ainda analisando o espectro de massas, a fragmentacdo das substancias apresenta
principalmente dois fragmentos de m/z 277 e m/z 345. Levando em consideragdo que
frequentemente os floroglucindis diméricos fragmentam-se na ponte metilénica, gerando dois
fragmentos mais estaveis, esse € um dado adicional que reforca a estrutura proposta (Figura
5).
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(o)
HO.
HO.
OH
OH
Férmula Quimica: C ¢H,, 0, Formula Quimica: CyHygO4” Formula Quimica: Cj4H,,0,4 Férmula Quimica: C 4H,,0,
Massa Exata: 277,14 Massa Exata: 345,21 Massa Exata: 277,14 Massa Exata: 277,14

Figura 5. Principais fragmentos obtidos a partir da fragmentagdo dos compostos 3 e 4

através da ponte metilénica.
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RESULTADOS ADICIONAIS

MATERIAL SUPLEMENTAR

MS 1. *H RMN de hiperbrasilol B em CDCls;

MS 2. 3C RMN de hiperbrasilol B em CDCl5;

MS 3. Espectro de massas de iso-hiperbrasilol B;

MS 4. *H RMN de iso-hiperbrasilol B em acetona-de;

MS 5. *C RMN de iso-hiperbrasilol B em acetona-dg;

MS 6. Espectro de massas da mistura dos compostos 1 e 2 em acetona-ds;
MS 7. Fragmentagdo do composto 1 (m/z 623);

MS 8. Fragmentagdo do composto 2 (m/z 555);

MS 9. 'H RMN da mistura dos compostos 1 e 2 em acetona-ds;
MS 10. *C RMN da mistura dos compostos 1 e 2 em acetona-dg;
MS 11. APT da mistura dos compostos 1 e 2 em acetona-ds;

MS 12. HSQC da mistura dos compostos 1 e 2 em acetona-ds;
MS 13. HMBC da mistura dos compostos 1 e 2 em acetona-dg;

MS 14. HMBC ampliado da mistura dos compostos 1 e 2 em acetona-ds;
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20140728_IHB_MS_11 9 (0.167) AM (Cen,4, 80.00, Ht,5000.0,0.00,0.70); Sm (SG, 2x3.00); Sb (1,40.00 ); Cm (2:20) 1: TOF MS ES+

100+ 553.2991 1.18e4
275.1417
< 353.2833
554.3121
279.1738
1 569.3000
381.3162
| 575.2885
313.2894 623.3792
] 223.1087 413.2853 624.3849
221.1304 437.2172485.2405
552.3079 671.3748
73.0692 98.9900 205-08207‘ W h ‘ | ‘ | | ‘ | 7116080 8134313 43.4700 905.5833 933-6117 981 6329
0 mmm‘mm“u“HH‘_H‘“J“MH‘H‘“l‘J“““““1“‘;““‘1”‘ “‘d‘w‘\u‘w\"w“:‘l‘L‘H‘L.‘ H‘L‘\‘\\M‘\J“_“‘m‘“\l“\‘}n‘\"\‘.‘\_L‘L‘3\\‘\‘\”‘&_\‘1“‘ ““““‘“H"“H‘H“\_‘H“HH‘H\““J“H‘\_m_m\‘“uw\wm“‘um‘m/z
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MS 3. Espectro de massas de iso-hiperbrasilol B;
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20140728 _HC1_01 2 (0.037) AM (Cen,4, 80.00, Ht,5000.0,0.00,0.70); Sm (SG, 2x3.00); Sb (1,40.00 ); Cm (2:23)

1: TOF MS ES+

100 623.3643 6.97e3
621.3498
345.2122
571.2975
555.3020
< 277.1497
624.3725
279.1648 499.2408
293.1454 639.3618
353.2727 655.3555
307.1613 523.2745 572.3034
593.2776
381.3044 661.3357
223.1024
691.3109
98.9868 190.9711 415.2227 533-33‘1‘223
87.0829. | 102.1307 265.1416 453.1841 .
69.0716 189.0076
Y (it bl 723.3218
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20140728_HC1_MSMS623_02 23 (0.427) AM (Cen,4, 80.00, Ht,5000.0,0.00,0.70); Sm (SG, 2x3.00); Sb (1,40.00 ); Cm (21:26)
3

1: TOF MSMS 623.00ES+

100~ 452131 1.17e3
O\O’
623.3644
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622.3562
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344.2028 624.3720
343.1999
333.2122 500.2486
279.1666 4012758
2211132 277.1517 201.1645 : 431.1791 4972629 555.3056 621.3574|(625.2624
o 2000864, | ‘ ‘ 373.1295 ‘ L N 552.2787. |
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MS 7. Fragmentacdo do composto 1 (m/z 623);

20140728_HC1_MSMS555_03 16 (0.297) AM (Cen,4, 80.00, Ht,5000.0,0.00,0.70);
2

Sm (SG, 2x3.00); Sb (1,40.00 ); Cm (16:26)
01

1: TOF MSMS 555.00ES+

100 77.15 508
=
555.3018
279.1641
2231014 o 1407 oo
221.1126 333.2137 499.2487  554.2090(
2000875, 2241071 2801765 ‘ (345-2115 4311713 4‘:%7'22134%87 ‘500-2521 7557 3705
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MS 8. Fragmentacdo do composto 2 (m/z 555);
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MS 9. *H RMN da mistura dos compostos 3 e 4 em acetona-ds;
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MS 10. **C RMN da mistura dos compostos 3 e 4 em acetona-dg;

135



230 220 210 200 190 180 170 160 150 140 120 120 110 100 a0 80 70 &0 50 40 20 20 10 a -10

MS 11. APT da mistura dos compostos 3 e 4 em acetona-ds;
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MS 12. HSQC da mistura dos compostos 3 e 4 em acetona-ds;
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MS 13. HMBC da mistura dos compostos 3 e 4 em acetona-dg;
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5 CONSIDERACOES FINAIS






Historicamente, a maceracdo de Hypericum perforatum com Oleo de oliva gera um
6leo denominado Hyperici oleum, que é utilizado popularmente como auxiliar no processo de
cicatrizacdo de feridas e queimaduras (WOLFLE et al., 2014). A caracterizacdo quimica deste
produto demonstrou que o0s principais compostos identificados sdo os derivados de
floroglucinol (ISACCHI et al., 2007). Tratando-se das espécies que ocorrem no sul do Brasil,
os relatos da utilizacdo popular para o tratamento de feridas sdo escassos; somente H.
connatum foi citado para tal finalidade (MENTZ et al., 1997).

Mesmo com os relatos escassos, avaliar estas espécies em um modelo indicativo de
cicatrizacdo é justificado pela importancia que o processo cicatricial tem na melhora dos
pacientes e também por apresentarem em sua por¢do lipofilica (n-hexano) derivados de

floroglucinol, monoméricos e diméricos, como compostos majoritarios.

A caracterizacdo da porcao lipofilica das cinco espécies testadas comprovou que oS
floroglucindis diméricos sdo 0s componentes majoritarios presentes em quatro delas com
exce¢do de H. polyanthemum que tem os benzopiranos como majoritérios. Para o ensaio de
proliferacdo celular foram utilizadas culturas de células de queratindcitos (HaCaT), pois o
incremento na proliferacdo celular destas é particularmente importante na reducdo do tempo
de cura de feridas e queimaduras (SINGER & CLARK, 1999).

Os resultados obtidos nestes procedimentos de proliferacdo celular demonstraram que
quatro de um total de cinco espécies testadas provocaram um aumento significativo na
proliferacdo em pelo menos uma concentragdo testada sugerindo que 0s extratos ricos em

floroglucindis promovem a proliferagdo deste tipo celular.

Dentre as diferentes especies, H. carinatum e H. polyanthemum demonstraram as
maiores taxas de proliferagfes (20 - 40%). Nas concentragdes de 15 a 20 ug/mL ocorreu uma
reducdo na proliferacdo induzida pelos tratamentos de até 20%. As espécies H. caprifoliatum

e H. myrianthum tiveram redugdes significativas, comprovando um efeito citotoxico.
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Uma amostra comercial de H. perforatum foi escolhida para ser utilizada como um
padrdo positivo, que induzisse a proliferacdo. Para esta amostra a proliferacéo celular foi 20%
superior ao controle. Dentre as espécies nativas testadas, H. carinatum superou
significativamenteas taxas de proliferacdo obtidas pelo controle positivo nas doses de 10 e 15
pug/mL. Com os resultados promissores obtidos com fragdes enriquecidas em floroglucinois
para 0 seu uso como agentes capazes de acelerar o processo cicatricial fez surgir o interesse
pelo estudo fitoquimico destas fragOes, por sua potencial fonte de farmacos e de prototipos

para 0S mesmaos.

Atualmente o género Hypericum engloba cerca de 500 espécies, distribuidas em
praticamente todos o0s continentes (excecdo da Antartica). Nestas espécies, € frequentemente
relatada uma ampla gama de metabdlitos secundarios, normalmente, policetideos do tipo Il
como naftodiantronas, flavonoides, xantonas, benzofenonas e derivados de floroglucinol
(CROCKETT & ROBSON, 2011).

A espécie H. perforatum, que além de ser utilizada na medicina popular como
cicatrizante vem sendo amplamente empregada no tratamento de depressbes leves a
moderadas (KASPER et al., 2010). Recentemente foi relatada sua eficacia no controle da dor,
sendo as naftodiantronas e os floroglucindis monomeéricos poliprenilados (hiperforina e ad-
hiperforina) os metabdlitos responsaveis pelo efeito terapéutico (GALEOTTI et al., 2010a;
2010b). As espécies de Hypericum do sul do Brasil (provenientes das secdes Brathys e
Trigynobrathys), assim como H. perforatum tém relatadas atividades do tipo antidepressiva
(STEIN et al., 2012) e antinociceptiva (STOLZ et al., 2012; 2014a; 2014b).

Quanto aos metabdlitos secundarios relatados para as espécies nativas destaca-se a
auséncia das naftodiantronas (FERRAZ et al., 2002; CROCKETT & ROBSON, 2011), a
presenca dos flavonoides (acido clorogénico, hiperosideo, quercitrina, guaijaverina e
isoquercitrina) (NUNES et al., 2010) e dos derivados de floroglucinol, que com excecgéo das
estruturas monoméricas encontradas em H. polyanthemum (FERRAZ et al., 2001) os demais
relatos sdo de estruturas diméricas. O isolamento de derivados de floroglucinol é um
importante processo na busca de novos conhecimentos sobre a rica composicdo quimica

destas plantas. Neste trabalho foram elucidadas trés estruturas diméricas inéditas
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denominadas austrobrasilol A, austrobrasilol B e isoaustrobrasilol B, isoladas a partir do
extrato n-hexano das flores de H. austrobrasiliense. Além disso, foram isolados e
identificados hiperbrasilol B e iso-hiperbrasilol B de H. caprifoliatum, sendo o segundo

composto, o0 primeiro relato para a espécie.

Os metabdlitos secundérios encontrados em espécies de Hypericum s&o metabolizados
por enzimas policetideo sintases (PKS) do tipo Ill,que atuam na biossintese pela condensacéo
de vérias unidades acetila derivadas do malonil-CoA, a moléculas especificas, que dao inicio
a sintese dos metabdlitos (JEZ et al., 2002). Assim, sdo geradas as diversas classes de

metabolitos citados anteriormente.

A biossintese dos floroglucinois diméricos (Figura 6) de ocorréncia nas secdes
Brathys e Trigynobrathys parecem ter uma via comum aos derivados monomeéricos (como a
hiperforina). Estes metabdlitos tém como precursores os aminodcidos ramificados como a
valina e a isoleucina (KARPPINEN et al., 2007). Os aminoacidos dao origem a isobutiril-
CoA, que através da condensacdo com trés moléculas de malonil-CoA da origem a
floroisobutirofenona (KLINGAUF et al., 2005). Apés a formacdo da floroisobutirofenona os
compostos passam pelo processo de prenilagcdo (BOUBAKIR et al., 2005).

A formacdo dos floroglucindis diméricos e monoméricos seguem esta mesma via de
biossintese. Entretanto, os floroglucindis encontrados nas espécies das secBes Brathys e
Trigynobrathys estdo na sua forma dimérica, unidos por uma ponte metilénica. O sistema
enzimatico responsavel por essa dimerizacao € ainda desconhecido, mas a enzima EC 1.21.3.3
(caracterizada em culturas de Berberis beaniana) catalisa a formac&o de uma ponte metilénica
entre dois anéis aromaticos (KUTCHAN & DITTRICH, 1995).

No processo de elucidacdo estrutural dos floroglucinois diméricos austrobrasilol A,
austrobrasilol B e isoaustrobrasilol B constatou-se a presenca de uma n-butirila ligada em C-
9. Esta alteracdo pode ter ocorrido através de um rearranjo intramolecular da isobutiril-CoA
para a n-butiril CoA, previamente relatado em culturas de Streptomyces cinnamomensis,
responsaveis pela producdo do antibiotico monensina (REYNOLDS & ROBINSON, 1985;
RATNATILLEKE et al., 1999).
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espécies de Hypericum nativas do Sul do Brasil
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O isolamento de trés novos floroglucindis diméricos nas secGes Brathys e
Trigynobrathys, reforca a ideia de que a diversidade estrutural destes metabdlitos ainda ndo
foi totalmente esgotada. A descricdo de um novo arranjo de cadeia lateral ja foi relatada em
outros géneros como Dryopteris e Elaphoglossum (PENTTILA & SUNDMAN, 1970;
SOCOLSKY et al., 2012), mas é inédita em Hypericum e suplementa a importancia de
continuar realizando pesquisas de carater fitoquimico com espécies destas secdes, com 0
intuito de se buscar novos padrGes moleculares, importantes para aumentar o conhecimento
sobre compostos biologicamente ativos, podendo gerar uma discussdo sobre a relagédo

estrutura-atividade.

Recentemente extratos e compostos isolados de Hypericum (hipericina, hiperforina e
uliginosina B) vem sendo relacionados ao controle da dor, com resultados significativos até
mesmo na reducdo da dor cronica (GALEOTTI et al., 2010a; 2014; STOLZ et al., 2012,
2014a; 2014b).

Austrobrasilol A, austrobrasilol B e isoaustrobrasilol B sdo estruturalmente
semelhantes a uliginosina B (Figura 7) e, dessa forma, a atividade antinociceptiva foi testada
em doses equimolares a 15 mg/kg de uliginosina B por via oral, dose ativa do composto
(STOLZ et al., 2012).

Figura 7. Estrutura quimica de austrobrasilol A (1), austrobrasilol B (2),

isoaustrobrasilol B (3) e uliginosina B (4);
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Os novos floroglucindis demonstraram no teste da placa aquecida um potencial efeito
antinociceptivo com magnitude compardvel a uliginosina B. As alteracdes estruturais
presentes entre eles ndo provocaram alteracdes significativas na magnitude do efeito, podendo

sugerir que o grupo farmacoforico responsavel pela atividade estd mantido.

Os resultados obtidos neste trabalho demonstram que as fragdes ricas em
floroglucindis sdo promissoras para a pesquisa de farmacos que possam ser auxiliares no
processo cicatricial. Ainda, o isolamento de floroglucindis diméricos gerou uma ampliacédo de
conhecimento sobre a diversidade estrutural de compostos que ocorrem nas se¢Oes Brathys e
Trigynobrathys, sendo esta uma importante fonte de potenciais produtos analgésicos.
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