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RESUMO

Propolis € uma mistura resinosa complexa produzida por abelhas. Sua composicéo
varia, pois esta relacionada com a flora de cada regido visitada pelas abelhas e a variedade
genética da rainha. Os principais compostos da prépolis sdo flavonoides, acidos fendlicos,
acidos clorogénicos e seus derivados, e responsaveis pelas atividades antibacteriana,
antifungica, antitumoral, antioxidante e anti-inflamatdria. O objetivo deste estudo é
avaliar diferentes extratos de propolis contra biofilmes e o parasita Trichomonas vaginalis
e caracterizar 0s constituintes responsaveis por estas atividades, pois ainda nao ha
descricdo dessas atividades associadas a prdpolis marrom brasileira, 0 que pode
representar um avanco nos estudos biol6gicos de propolis, além de representar o
desenvolvimento de novos produtos para 0 mercado correlacionados a estas atividades.
Os biofilmes tratam-se de comunidades bacterianas complexas, que vivem organizadas e
aderidas a uma superficie, bidtica ou abidtica, envoltas em uma matriz exopolimérica.
Cerca de 80% das bactérias vivem organizadas na forma de biofilmes, pois estas
estruturas sd0 menos sensiveis aos antibidticos e a resposta imune do hospedeiro,
tornando-se um problema de satde pUblica com recursos escassos que necessita de novas
estratégias para prevencdo e tratamento. Assim como Trichomonas vaginalis, o
protozoario que parasita o sistema urogenital humano causando tricomoniase, doenca
sexualmente transmissivel, com 276 milhdes de casos anuais no mundo. Ao contrério de
outras DSTs que majoritariamente ocorrem em adolescente e jovens adultos, a
prevaléncia de tricomoniase é igualmente distribuida entre mulheres e homens
sexualmente ativos de todas as faixas etarias. O tratamento para tricomoniase é restrito
ao uso apenas dos farmacos metronidazol e tinidazol, apesar de serem uma opgéao
terapéutica efetiva e de baixo custo ha um crescimento nos casos de resisténcia a essa
classe de antimicrobianos, com taxas proximas a 10%. Frente a estas limitacdes
terapéuticas, é essencial a pesquisa e desenvolvimento de novas alternativas para esta
DST.

Palavras-Chave: Prépolis, biofilme, Trichomonas vaginalis, artepilina C.



ABSTRACT

Propolis is a complex resinous mix produced by bees. Its composition changes
because its related to the flora of each region visited by the bees and the queen genetic
diversity. It has been used for centuries as food and popularly for treating various
diseases. The main compounds of propolis and biological properties holders are
flavonoids, phenolic acids, chlorogenic acids and their derivatives. The most important
pharmacological activities already studied are antibacterial, antifungal, antitumor,
antioxidant and anti-inflamatory. The aim of this study is to evaluate different extracts of
propolis against biofilms and Trichomonas vaginalis, because there is still no description
of theses activities associated with Brazilian propolis, which may represent an advance in
the biological studies of propolis, besides representing the development of new products
to the market correlated with this activities. Biofilms are complex bacterial communties
living organized and attached on a surface, wrapped in exopolimeric matrix. About 80%
of live bacteria are organized in the form of biofilms because in these structures are less
sensitive to antibiotics and host immune response, becoming a public health problem with
scarce resources that needs new strategies for prevention and treatment. Like as
Trichomonas vaginalis, the protozoan that parasites the human urogenital system causing
trichomoniasis, a sexually transmitted disease, with 276 million annual cases in the world.
Unlike other sexually transmitted disease that mostly happens in adolescent and young
adults, the prevalence of trichomoniasis is also distributed among sexually actived women
and men of all age groups. The trichomoniasis treatment is restricted to the use os
metronidazole and tinidazole alone, although they are an effective and inexpensive
therapeutic option and there is a increase in resistance to this class of antimicrobials, with
rates close to 10%. Faced with this therapeutic limitation, it is essential to research and

develop new alternatives for this sexually transmitted disease.

Keywords: Propolis, biofilm, Trichomonas vaginalis, artepillin C.
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INTRODUCAO

A prépolis, resina produzida por abelhas para vedar e proteger a colmeia, € utilizada
desde os tempos remotos na medicina tradicional e atualmente € componente de varios produtos
existentes no mercado como, por exemplo, sabonete, creme dental, antisséptico bucal, pomada,
creme, spray de propolis, entre outros. Sua producéo anual é de 100 toneladas no Brasil, e seu
maior comprador é o Japdo, absorvendo cerca de 80% da producao (Fernandes, 2014).

No Brasil, a propolis é frequentemente comercializada na forma de extrato
hidroalcoolico ou em sua forma in natura. Esta comercializacao € regida por regras que foram
modificadas em Setembro de 2016 pela ANVISA, sendo que foram estabelecidos requisitos
minimos para o controle de qualidade de medicamentos a base de prépolis. Dentre esses
requisitos, constam informacdes sobre as caracteristicas organolépticas (aspecto, cor, sabor e
odor), fisico-quimicas (perda por dessecacdo, teor de cinzas totais e cinzas insoluleis em acido
cloridrico, densidade, teor alcotlico, pH), determinacdo de contaminantes (pesquisa e
identificacdo de patdgenos, coliformes, fungos e leveduras, metais pesados, determinacéo de
material estranho), determinacdo da atividade antioxidante, bem como determina¢fes quimicas
que incluem teor de fendis totais e flavonoides, analises qualitativa (perfil cromatografico ou
prospeccao fitoquimica) e quantitativa de marcadores especificos ou controle biol6gico. Além
disso, as empresas produtoras também devem fornecer informag&o sobre a espécie da abelha e
as espécies da flora presentes no local da colmeia onde foi coletada a propolis (BRASIL, 2001,
2011, 2016).

A coloracéo da propolis e sua composi¢do quimica variam de acordo com o bioma local,
podendo ser encontradas prépolis verde, vermelha e marrom no Brasil (Silva et al., 2013;
Shimomura et al., 2013), sendo que a prépolis marrom € a menos estudada até 0 momento e
esta foi 0 alvo de estudo neste trabalho. Os componentes quimicos predominantes ja descritos
em propolis sdo flavonoides, acidos clorogénicos, acidos fendlicos e seus derivados. Dentre as
propriedades biologicas ja& exploradas para os extratos de propolis, encontram-se diversas
atividades como, por exemplo, antioxidante, antibacteriana, antifingica, anti-inflamatdria, anti-
Trypanossoma, anti-leishmania, antitumoral e outras (Zhang et al., 2014; Marcucci et al., 2001,
Sforcin, 2007). Porém, ainda h& poucas descri¢des de suas atividades antibiofilme e

antitricomonas, o que poderia representar um avango nos estudos biologicos de prépolis, além



de também poder representar o desenvolvimento de novos produtos no mercado

correlacionados a essas atividades.

As doencas infecciosas estéo entre as principais causas de morte no mundo, sendo que
as infecgbes bacterianas possuem grande destaque devido as altas taxas de mortalidade
associadas a elas. Aproximadamente 80% das bactérias se organizam se na forma de biofilmes,
o0 qual € resultante da producdo de substancias polimeéricas extracelulares estabelecendo uma
rede gelatinosa que imobiliza e protege as bactérias (Davey & O’Toole, 2000). Dentro dos
biofilmes, as bactérias sao menos sensiveis aos antibidticos, o que confere menor eficiéncia dos
tratamentos terapéuticos e o desenvolvimento de infecgdes persistentes (Fletcher et al., 2014).
Os biofilmes bacterianos também estdo associados a muitas infec¢bes nosocomiais,
principalmente a implantes biomédicos, como cateteres e préteses. Assim, grandes esforgos séo
destinados a investigacdo de terapias capazes de impedir ou erradicar biofilmes patogénicos,

incluindo a exploracgdo de novos compostos e novos mecanismos de a¢ao (Neidell et al., 2012).

Outro alvo de estudo do projeto foi a avaliacdo de extratos e fracfes de propolis contra
Trichomonas vaginalis, uma vez que ha escassez de informacdes sobre a atuacdo da prépolis
contra este parasita. O protozoério flagelado T. vaginalis parasita o sistema urogenital humano
causando a tricomoniase, uma doenca sexualmente transmissivel ndo viral mais comum no
mundo, e aproximadamente 276 milhdes de novos casos sdo registrados anualmente. O
tratamento para tricomoniase é baseado em nitroimidazolicos, porém ja sdo conhecidas cepas
resistentes a esses recursos terapéuticos destacando, assim, a necessidade de novos farmacos
(Sutcliffe et al., 2012; Schwebke e Barrientes, 2006).

Nosso trabalho sera apresentado em dois capitulos; um relativo a reviséo biobliografica
e outro com o artigo que serd submetido. Inicialmente, serdo abordados alguns aspectos sobre
a comercializagcdo da prépolis, sua composicdo quimica, bem como suas propriedades
biolégicas. Posteriormente, o artigo serd apresentado, juntamente com seu material

suplementar.



Capitulo 1



1. REVISAO BIBLIOGRAFICA

O nome prépolis é originario do grego pro (em defesa) e polis (a cidade), o que se traduz
em defesa da cidade ou colmeia (Marcucci, 1996). A propolis € uma resina natural produzida
pelas abelhas que coletam material vegetal oriundo de flores, pélen, brotos e exsudados de
arvores. Sua producdo ocorre ap0s a adi¢do de secrecdes salivares e ceras pelas abelhas, sendo
utilizada para fechar frestas da colmeia, protegendo-a contra a entrada de vento, luminosidade,

insetos invasores e contaminagdo microbioldgica (Sforcin, 2007).

Desde a antiguidade na Grécia e Roma, a prépolis € utilizada para o tratamento de
feridas e como cicatrizante. Os egipcios e incas a utilizavam para embalsamar corpos e como
antitérmico, respectivamente (Sforcin & Bankova, 2011). Na Europa a utilizacdo da prépolis
se tornou popular apos o século XVII, e a primeira farmacopeia a descrevé-la foi a da Inglaterra
no século XVII (Wagh, 2013). Nas décadas de 50 e 60, a propolis comecou a ser difundida para
tratamentos terapéuticos na ex-Unido Soviética e em paises da Europa, como Bulgéria,
Republica Tcheca e Poldnia. Ja na China ela é utilizada para tratar cancer e infecgdes. Entretanto
somente na metade dos anos 80, o Brasil comegou a consumir a propolis na medicina alternativa

e complementar (Salatino et al., 2005).

Diversas finalidades medicinais da propolis podem ser citadas como, por exemplo, para
tratar reumatismo, gripe, diabetes, Ulceras e feridas (Huang et al., 2014). Essa ampla utilizagéo
da prépolis esta relacionada a sua composi¢do quimica, no qual diversos estudos ja descreveram
seus efeitos bioldgicos e a atuacdo de seus constituintes quimicos em sinergismo (Sforcin &
Bankova, 2011). Até o ano de 2000, mais de 300 compostos ja haviam sido descritos em
propolis, e dentre os principais compostos podemos destacar os polifenois (Huang et al., 2014).
O primeiro trabalho publicado no Brasil sobre a propolis foi no ano de 1984. Esse estudo
concluiu que a resina possuia efeitos de inibicdo contra a bactéria Staphylococcus aureus,
confirmando sua propriedade antimicrobiana (Shub et al., 1981). A primeira patente brasileira
sobre a propolis surgiu em 1995 para 0 uso em tratamentos odontoldgicos na prevencao de
caries e gengivites (Pereira, Seixas & Neto, 2002). Em levantamento realizado no banco de
dados Chemical Abstracts, observamos que 741 patentes foram depositadas em 2016
envolvendo a prépolis e apenas uma dessas foi a partir de prépolis brasileira. Ja com relacdo

aos artigos publicados utilizando propolis, pode-se observar um elevado nimero de publicacGes
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nos ultimos 10 anos, porém somente 10 a 16% desses estudos foram realizados a partir de
prépolis brasileira (levantamentos realizados no banco Chemical Abstracts) (Figura 1).
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Figura 1. Numero de publicacdes realizadas nos ultimos dez anos envolvendo propolis.

No Brasil sdo produzidas 100 toneladas de prépolis por ano, e cerca de 90% desta
producdo situa-se em Minas Gerais. Em 2015 o mercado, impulsionado pelas exportacdes,
cresceu 18,8% (Evans, 2016). A propolis brasileira € exportada para diversos paises,
principalmente Japdo, e é alvo de variadas investigacdes etnofarmacoldgicas como
antimicrobiana, antinociceptiva, hepatoprotetora, anti-inflamatoria e anticancer (Franchin et al.,
2012, Park et al., 2002, Bueno-Silva et al., 2016a). Além de aplicacdes terapéuticas, a propolis
também é utilizada como aditivo em alimentos e em cosméticos (De Groot, 2013), demostrando

a grande importancia da propolis em diferentes areas.

1.1. Composic¢do quimica de propolis de origem brasileira

A composicao da propolis inclui 50-60% de resinas, 30-40% de ceras, 5-10% de 0leos
essenciais, 5% de pdlen e 5% de varios compostos organicos incluindo polifendis (flavonoides
e acidos fenolicos) e terpenos, além de metais como ferro, zinco e magnesio, aglcares e
vitaminas (B1, B2, B3 e B6) (Pastor et al., 2010, Salatino et al., 2005).

Os componentes quimicos predominantes ja descritos em prépolis sdo flavonoides,
acidos clorogénicos e acidos fendlicos e seus derivados. Dentre as atividades ja exploradas para

os extratos de propolis, encontram-se as atividades antioxidante, antimicrobiana, anticancer,



anti-inflamatéria (Zhang et al., 2014; Marcucci et al., 2001, Franchin et al., 2012, Park et al.,
2002, Bueno-Silva et al., 2016) e muitas outras como pode ser visualizado nas Tabelas 1 e 2.

Os polifendis incluindo flavonoides, &cidos fendlicos e seus ésteres sdo geralmente 0s
componentes quimicos que estdo sendo correlacionados com suas bioatividades, como em
propolis de zonas temperadas de ambos os hemisférios Norte e Sul (Zhang et al., 2014). Alguns
estudos apontam que a propolis da Europa e China contém vérios tipos de flavonoides e acidos
fenolicos, enquanto que amostras brasileiras contém majoritariamente terpenoides e derivados

prenilados de acido p-cumarico (Mello et al., 2010).

Os flavonoides sdo compostos fenolicos e um dos mais importantes grupos constituintes
da prépolis, podendo representar até 50% do seu contetdo, dependendo da regido onde é
coletada. A quantidade total de flavonoides é um importante indice que se reflete em sua
qualidade e seu valor medicinal (Sohrabi & Darabi, 2016). Esses compostos sdo abundantes em
plantas e originérios de uma biossintese mista (via chiquimato e acetato). Eles podem ser
divididos em diferentes grupos, dependendo do nivel de oxidacdo do anel C e e substitui¢do na
posicdo C-3 (Figura 2) (Zuanazzi & Montanha, 1999).

Os flavonoides compoem uma grande familia de metabolitos secundarios encontrados
nas plantas, e eles existem em formas de agliconas e glicosideos. Um crescente interesse em
flavonoides vem sendo observado devido a seus efeitos benéficos sobre a saude, tais como as
propriedades antioxidantes, acdo estrogénica, e um largo espectro antimicrobiano e atividades
farmacoldgicas. Porém, os flavonoides ndo podem ser biossintetizados no corpo humano, sendo
obtidos exclusivamente pela nossa dieta através da ingestdo de vegetais, frutas e bebidas (Luo
etal., 2011).

Figura 2. Estrutura quimica basica dos flavonoides descritos em propolis.



Alguns estudos tém demostrado a relacao direta entre a atividade bioldgica da propolis
e sua composi¢do quimica, a qual depende da diversidade geografica da flora local,
sazonalidade e da variedade genética da abelha rainha (Silva et al., 2013). Entretanto, Simdes-
Ambrosio e colaboradores (2010) demostram que a sazonalidade em um ano de coleta
influenciou apenas quantitativamente a composicdo da propolis verde, mas essas amostras
revelaram significantes diferencas nos efeitos oxidativos sobre neutrdfilos. Esses efeitos foram
correlacionados com as concentracbes de baccharina e éter aromadendrin-4’-metilico,
entretanto a artepilina C ndo foi de grande relevancia para o efeito bioldgico. Ja nos estudos
realizados por Teixeira e colaboradores (2010), prépolis verdes oriundas de trés localidades de
Minas Gerais foram analisadas por um periodo de um ano. Essas amostras, analisadas por
cromatografia a gas acoplada a espectrometria de massas (CG-EM), mostraram alteracdes
qualitativas e quantitativas nos perfis quimicos, bem como em suas atividades antioxidantes
(DPPH).

Diferentes propolis originarias de diferentes regides do Brasil foram analisadas por
cromatografia em camada delgada de alta performance, cromatografia liquida de alta
performance acoplada a espectrometria de massas (CLAE-EM) e CG-EM. De acordo com suas
caracteristicas fisico-quimicas, as prépolis foram classificadas em 12 grupos, sendo que 0s
grupos originarios do Sul, Sudeste e Nordeste eram produzidos principalmente a partir de
resinas das espécies vegetais de Populus ssp., Hyptis divaricata e Baccharis dracunculifolia,

respectivamente (Park et al., 2002).

1.1.1. Tipos de propolis brasileiras e suas propriedades biologicas

As abelhas da espécie Apis mellifera sdo as principais produtoras de propolis e mel no
Brasil, sua distribuicio nativa esta localizada na Europa, Africa e Oriente Médio, porém foi
introduzida na América do Sul a partir de 1600 e no Brasil no ano de 1956 com colmeias

experimentais na zona rural de S&o Paulo (Nelson et al., 2017).

A coloracgéo da propolis e sua composi¢do quimica variam de acordo com o bioma local,
podendo ser encontradas as prépolis verde, vermelha e marrom. As diferencas na origem
vegetal causam mudancas nas suas propriedades quimicas, e consequentemente nas atividades

bioldgicas, sabor, cor e textura (Silva et al., 2013; Shimomura et al., 2013).



A composicao quimica € indicativa da origem boténica da propolis, no qual indica a(s)
possivel(is) fonte(s) vegetal(is). Tais informacdes sdo importantes para a aplicacdo em controle
de qualidade e padronizacdo de amostras para utilizacdo terapéutica, uma vez que essa
variedade quimica altera significativamente as suas propriedades bioldgicas (Park et al., 2002,
Lustosa et al., 2008).

1.1.1.a. Prépolis Vermelha (PVeB) e Verde brasileiras (PVdB)

A propolis vermelha é encontrada em paises como Cuba, Venezuela, México e Brasil,
possuindo algumas similaridades quimicas e bioldgicas (Benhanifia & Mohamed, 2015). Em
2007, treze tipos de propolis vermelhas brasileiras (PVeB) foram analisadas por CG-EM e
CLAE-DAD e avaliadas contra Staphylococcus aureus e S. mutans. Em todas as amostras foram
identificados flavonois e algumas isoflavonas, o que é uma caracteristica marcante da PVeB
(Alencar et al., 2007).

A PVeB é encontrada na regido litoral do nordeste do Brasil (nos estados da Bahia,
Alagoas, Paraiba, Sergipe e Pernambuco), no qual ha predominio da espécie Dalrbergia
ecastophyllum (Fabaceae) como fonte vegetal. A resina de prépolis possui a coloracdo
avermelhada devido a resina secretada nesta espécie possuir essa pigmentacao (Lopez et al.,
2014).

Recentemente, um artigo de revisdo sobre as propriedades farmacoldgicas e
constituintes quimicos da propolis vermelha foi publicado (Freires et al., 2016). Em sua
composicgdo ja foram descritas diversas substancias, incluindo isoflavonoides, pterocarpanos,
chalconas, flavonas, flavonois, flavanonas, benzofenonas preniladas, terpenos e taninos
(Alencar et al., 2007, Piccinelli et al., 2011, Trusheva et al., 2006, Mayworm et al., 2014,
Freires et al., 2016). Além disso, convém destacar que os compostos considerados marcadores
da PVeB sé&o os isoflavonoides formononetina e biochanina A, bem como a flavanona
pinocembrina e o pterocarpano medicarpina (Figura 3) (Lopez et al., 2014, Trusheva et al.,
2006).

A composicdo quimica da propolis vermelha é bastante diferente de outras,
principalmente por causa da vegetacdo presente em sua origem geogréafica (Alencar et al., 2007,
Piccinelli et al., 2011, Freires et al., 2016). Recentemente, uma benzofenona poliisoprenilada,
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a xantochinol, foi identificada a partir de PVeB (Piccinelli et al., 2011), a qual possui atividade
contra células tumorais (Cuesta-Rubio et al., 2002, Novak et al.,, 2014). Em anélises
comparativas entre as propolis vermelhas de Cuba e Brasil, foi possivel observar que ambas
apresentavam abundantemente benzofenonas poliisopreniladas como xantochimol e gutiferona
E, porém a presenca dessas juntamente com a oblongifolina A foi somente observada na PVeB
(Cuesta-Rubio et al., 2002, Piccinelli et al., 2011).

Assim, convém destacar que a composic¢ao quimica da propolis vermelha é especifica,
contendo compostos ndo descritos em outras variedades de prépolis, como o vestiol e neovestiol
(Figura 3) (Piccinelli et al., 2011) sendo que esses marcadores possuem diversas propriedades
bioldgicas (Daugsch et al., 2008, Li et al., 2008, Bueno-Silva et al., 2013).

O composto neovestitol, um componente muito comum em prépolis vermelha, foi
recentemente analisado em modelos de inflamagéo, confirmando uma significante reducédo da
inflamacdo in vivo (Franchin et al., 2016). Este composto, juntamente com vestitol, também
possuem atividade antimicrobiana (Daugsch et al., 2008) e citotoxica contra células tumorais
(Li et al., 2008).

HO

OCHj3
R=H  Formononetina OH O Medicarpina

R = OH Biochanina A . .
Pinocembrina

R0 o)
O (@) OH H
A
HO OR HO
2 HOo OH

Ri=H R,=CHj3 Vestitol isoliquiritigenina
R1=CHz Ry=H Neovestitol

Xantochimol

Figura 3. Estruturas quimicas de alguns importantes constituintes da propolis vermelha
brasileira (PVeB).
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A PVeB também apresentou atividade antifingica contra diversas espécies de Candida
isoladas de pacientes mulheres (Bezerra et al., 2015), bem como atividades antioxidante, anti-
inflamatdria, antitumoral e antimicrobiana (Freires et al., 2016). Além disso, ela também

mostrou efeitos modulatérios in vivo sobre a hipertensédo e danos renais (Teles et al., 2015).

A atividade anti-inflamatoria e antinociceptiva in vivo do extrato etanolico de prépolis
foi maior do que a atividade da isoflavona isolada formononetina (Cavendish et al., 2015).
Alguns mecanismos de acdo da propolis vermelha tém sido esclarecidos como, por exemplo,
na modulacdo de migracdo de neutréfilos no processo de inflamacdo (Bueno-Silvaet al., 2016a)
e atenuacdo na cascata de sinalizacdo da inflamacéo em macrdfagos LPS ativados (Bueno-Silva
et al., 2015) entre outros.

A prdpolis vermelha tem se mostrado ativa contra diversas bactérias como, por exemplo,
Streptococcus mutans, S. sobrinus, Staphylococcus aureus, Actinomyces naeslundii (Bueno-
Silva et al., 2016 b, Alencar et al., 2007), Enterococcus faecalis, Fusobacterium nucleatum e
Porphyromonas gingivalis (Vasconcelos et al., 2014), sendo aplicada em tratamento anticérie
(Bueno-Silva et al., 2013). O tratamento oral com PVeB também induziu a atividade
estrogénica devido a presenca de isoflavonoides, refletindo em melhoras dos sintomas da
menopausa em mulheres (Okamoto et al., 2015). Outras propriedades biolédgicas da propolis
vermelha encontram-se sumariadas na Tabela 1 (pag. 13).

Outro tipo de propolis encontrado no Brasil € a prdpolis verde, a qual é uma das mais
consumidas no mercado, sendo o Brasil seu principal produtor e exportador. Popularmente, ela
é relatada como detentora de exceléncia nas propriedades medicinais, possuindo maiores teores
de flavonoides e fenois totais, além de ser caracterizada por ter alto valor no mercado e ser

produzida principalmente na regido Sudeste do Brasil (Woiski & Salatino, 1998).

A propolis verde brasileira (PVdB) possui entre 6,4 a 15,2% (m/m) de compostos
fenolicos em seus extratos etanolicos (Woiski & Salatino, 1998), o que esta de acordo com a
legislagdo brasileira, pois esta preconiza o minimo de 0,5% (m/m) de flavonoides totais e 5 %
de fenolicos totais em amostras de propolis (Paviani et al., 2010). Esses teores de flavonoides
e fendis totais sdo correlacionados positivamente com a atividade antioxidante de PVdB
(Cottica et al., 2011), porém algumas acetofenonas ja foram descritas em amostras de PVdB,
sendo que estas também reagem com AICls e assim a quantificagdo de flavonoides totais podem

apresentar valores distorcidos do real (Bankova & Marcucci, 2000, Sawaya et al., 2011).
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Figura 4. Estruturas quimicas de alguns importantes constituintes da propolis verde brasileira
(PVdB).

A constituicdo quimica de PVdB inclui varios tipos de terpenoides, acidos
hidroxicinamicos, seus derivados prenilados e acidos cafeoilquimicos (acidos clorogénicos)
(Salatino et al., 2011, Bankova, 2005). A artepilina C, baccharina e drupanina (Figuras 4-5,
pag. 17) sdo os principais compostos presentes em PVdB, 0s quais sdo constituintes também
presentes em Baccharis dracunculifolia, uma das espécies utilizadas pelas abelhas como fonte
de coleta para a producédo da propolis (Park et al., 2002, Simdes et al., 2004, Salatino et al.,
2005, Teixeira et al., 2005). A coloracao verde de PVVdB esté relacionada a presenca de clorofila
coletada pelas abelhas em tecidos jovens de B. dracunculifolia, a qual é uma espécie pertencente
a familia Asteraceae, sendo encontrada no Brasil (Sul e Sudeste), Uruguai, Paraguai, Argentina
e Bolivia (Fukuda et al., 2006).

Além de artepilina C, baccharina e drupanina, também foram identificados de PVdB
acidos cumarico e feralico, bem como os flavonoides pinobanksina, isosakuretina e
kaempferideo (Figura 4) (Simdes et al., 2004). Recentemente, um método de analise por
CLAE-DAD foi desenvolvido, juntamente com a utilizacdo de analises multivariadas, para a
discriminacdo de PVdB em relacdo aos outros tipos de propolis, sendo este um método eficiente

e reprodutivel (Funari et al., 2016).

A artepilina C (Figura 5) esta presente apenas em propolis que foram produzidas a partir
da fonte vegetal B. dracunculifolia, sendo encontrada em prépolis verde e marrom (Matsuda &
Almeida-Muradian, 2008, Machado et al., 2016). Os primeiros relatos da determinacao desta

substancia como biomarcador da propolis brasileira foram publicados por pesquisadores
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japoneses, sendo que nestes estudos a artepilina C foi identificada como o principal composto
bioativo e responsavel pelas atividades antitumoral e antioxidante (Kimoto et al., 2001,

Shimizu et al., 2004). Além disso, esta substancia possui atividade analgésica e anti-
inflamatdria (Paulino et al., 2008).

Diversas propriedades bioldgicas ja foram descritas para PVdB como antimicrobiana,
antioxidante, antitlcera, anti-inflamatéria, imunomodulatorio, antitumoral e outras. As

principais propriedades bioldgicas de PVdB encontram-se sumariadas na Tabela 1.
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Tabela 1. Principais atividades biologicas descritas para as propolis vermelha brasileira (PVeB) e verde brasileira (PVdB).

Tipo de prépolis Atividades farmacoldgicas Referéncia

Propolis vermelha

Antibacteriana
Actinomyces naeslundii
Aggregatibacter actinomycetemcomitans
Enterobacter aerogenes
Enterococcus faecalis
Escherichia coli
Fusobacterium nucleatum
Neisseria meningitidis
Porphyromonas gingivalis
Prevotella intermedia
Staphylococcus aureus

Streptococcus mutans

Streptococcus sobrinus

Anti-inflamatoria
Inibicdo da migragdo de neutrofilos na cavidade peritoneal
Cicatrizacdo de feridas (inflamagdo e epitelizacéo - in vivo)
Queimadura
Atenuacdo da cascata de sinalizacdo em macrdfagos ativados
Antinociceptivo (in vivo — extrato e formononetina)
Cicatrizacdo da cornea

Anticarie

Antifangica
Candida albicans, C. glabrata, C. krusei, C. parapsilosis

Saccharomyces cerevisiae

Oldoni et al., 2011, Bueno-Silva et al., 2013a, 2016

Vasconcelos et al., 2014

Lopez et al., 2014

Vasconcelos et al., 2014, Siqueira et al., 2014, Lopez et al., 2014
Trusheva et al., 2006, Lopez et al., 2014

Vasconcelos et al., 2014

Lopez et al., 2014

Vasconcelos et al., 2014

Vasconcelos et al., 2014

Alencar et al., 2007, Oldoni et al., 2011, Grenho et al., 2015,
Vasconcelos et al., 2014, Bueno-Silva et al., 2013a, 2016b,
Trusheva et al., 2006, Lopez et al., 2014

Vasconcelos et al., 2014, Oldini et al., 2011, Bueno-Silva et al.,
2013a, Alencar et al., 2007, Bueno-Silva et al., 2016b, Lopez et al.,
2014

Bueno-Silva et al., 2007, 2016b

Bueno-Silva et al., 2016a
Batista et al., 2012
Almeida et al., 2013
Bueno-Silva et al., 2015
Cavendish et al., 2015
Martin et al., 2013
Bueno-Silva et al., 2013

Trushevaet al., 2006, Pippi et al., 2015, Bezerra et al., 2015, Lopez
etal., 2014
Lotti et al., 2011
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Propolis verde

Trichophyton spp.

Antioxidante
Oxidacdo do acido linoleico
Oxidacéo do &cido linoleico e DPPH
DPPH

DPPH e ABTS
Capacidade de absorbancia de radical oxigénio
Ensaio de superdxido dismutase e catase

Antitumoral
Apoptose e migragéo
Expressdo diferencial proteica em células cancerigenas
Citotdxica (K562, HL60, RPMI8226, B16F10, Hep-2, Hela,
PANC-1, A549, B16, BL6, Nalm6, MCF-7, RC-58T, SF-295,
OVCAR-8, HCT-116)

Outras propriedades farmacoldgicas
Efeito modulatério na hipertensédo e ao dano renal (in vivo)
Aumento do efluxo de colesterol em macréfagos e do
transportador ligacdo-ATP

Antibacteriana
Bacillus subtilis
Bifidobacterium  spp., Neisseria spp, Streptococcus
acidominimus,  Streptococcus  oralis,  Staphylococcus
epidermidis, Veillonella parvula, Bifidobacterium breve,
Bifidobacterium longum e Lactobacillus acidophilus
Escherichia coli
Helicobacter pylori (in vivo, humanos — pouco efeito)
Micrococcus luteus
Staphylococcus aureus
Streptococcus mutans

Anti-inflamatoéria
Cicatrizacdo de feridas (inflamacdo e epitelizagdo — in vivo)

Siqueira et al., 2009

Oldoni et al., 2011

Trusheva et al., 2006

Alencar et al., 2007, Frozza et al., 2014, 2013, Righi et al., 2011,
Mendonga et al., 2015

Machado et al., 2016

Espinosa et al., 2015

Frozza et al.,2014

Begnini et al., 2014

Frozza et al., 2014

Novak et al., 2014, Alencar et al., 2007, Li et al., 2008, Awale et
al., 2008, Kamiya et al., 2012, Franchi Jr. et al., 2012a, Moraes et
al., 2010, Pinheiro et al., 2014, Mendonga et al., 2015, Frozza et
al.,2013

Teles et al., 2015
lioetal., 2012

Bittencourt et al., 2015
Morawiec et al., 2015

Machado et al., 2016,

Coelho et al., 2007

Bittencourt et al., 2015

Machado et al., 2016, Bittencourt et al., 2015, Oliveira et al., 2015
Cardoso et al., 2016, Leitdo et al., 2004

Batista et al., 2012
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Analgésico e anti-inflamatdrio (inibicdo da expressao iNOS)

Imunomodulagéo (expressédo de mRNA a IFN-y)

Supressao da liberacdo de leucotrienos e outros mediadores

Supressdo da reativacao de células CD4 T
Anti-Trypanosoma

Trypanosoma cruzi
Anti-Leishmania

Leishmania (Viannia) braziliensis
Antifangica

Candida ssp. (candidiase oral)
Antioxidante

DPPH e ABTS

DPPH

Ensaio anion superoxido
Antitumoral

Citotoxico (B16F10, A549, HepG2, U343, LNCaP)

Outras propriedades farmacoldgicas
Antiobesidade (indugdo de leptina em adipdcitos)
Antiobesidade (agonista rector retinoide)
Proliferacdo de queratondcitos (crescimento capilar)
Cicatrizacdo (fibroblastos NIH-3T3)
Antiulcera
Neuroprotecéo (inibicdo do estresse oxidativo)
Antiangiogénico
Induz o sistema imune

Paulino et al., 2006

Fischer et al., 2007, Machado et al., 2012
Tani et al., 2010, Szliszka et al., 2013
Cheung et al., 2011

Salomao et al., 2011
Pontin et al., 2008
Capistrano et al., 2013, Santos et al., 2005

Machado et al., 2016,
Bittencourt et al., 2015, Fabris et al., 2013, Szliszka et al., 2013
Simdes et al., 2004

Machado et al., 2016, Frién-Herrera et al., 2015, Oliveira et al.,
2014, Szliszka et al., 2011

Washi et al., 2015

Nakashima et al., 2014

Miyata et al., 2014

Funari et al., 2007

Barros et al., 2007

Shimazawa et al., 2005, Nakajima et al., 2009
Dornelas et al., 2012

Gao et al., 2014
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1.1.1.b. Propolis Marrom brasileira (PMB)

A variedade marrom de prépolis € a mais comum produzida e estudada em outros paises,
porém a propolis marrom brasileira (PMB) é a menos estudada em relagdo as outras e esta foi
0 alvo em nossa pesquisa. A PMB se destaca por sua grande concentracdo de acidos graxos
como é&cido oleico, acido linoleico, palmitato, estearato, e também possui compostos
polifendlicos, principalmente derivados do acido cumarico e flavonoides (Castro et al., 2009)
(Tabela 2).

Na analise por microscopia de amostras de prépolis brasileiras (vermelha, verde e
marrom) foi possivel confirmar a presenca tecidos com tricomas tectores e glandulares oriundos
de B. dracunculifolia (Bastos et al., 2011) em PVdB, e elementos similares também foram
observados em PMB. Além desses, em PMB também foram observadas estruturas provindas
de espécies de Copaifera, as quais foram visitadas pelas abelhas produtoras de PMB (Sawaya
et al., 2006, Machado et al., 2016).

Os flavonoides crisina e pinocembrina ja foram descritos para prépolis originarios de
regides temperadas na Europa e América do Norte, assim como terpenos oriundos de resinas
de Araucaria angustifolia (Sawaya et al., 2004, Bankova et al., 1999). Estes flavonoides e
outros também foram observados em amostras de PMB da regido Sul (Sawaya et al., 2004).
Além disso, a partir da PMB originaria do estado do Parana foram isolados seis diterpenos
clerodanos, os quais exibiram atividade de inibicdo do crescimento de quatro linhagens de
celulas de cancer humano (LNCaP, MCF-7, DLD-1 e A549) (Tazawa et al., 2016).

Recentemente, um trabalho de comparacao quimica e biologica (atividade antioxidante)
foi realizado utilizando extratos etandlicos e supercritico de PVeB (2 amostras do Nordeste —
Alagoas e Sergipe), PMB (3 amostras do Sul- Santa Catarina, Rio Grande do Sul e Parana) e a
propolis verde brasileira (PVdB) (3 amostras do Sul e Sudeste - Parand e Minas Gerais). O
PVeB apresentou os maiores teores de flavonoides e fendlicos totais, com também melhores
atividades antioxidantes (DPPH e ABTS). As propolis PVdB e PMB apresentaram valores
semelhante de atividade antioxidante e também de teor total de fendlicos e flavonoides. Além
disso, a quantificacdo de artepilina C e acido cumarico nas amostras demostrou que todas as
propolis PVdB e PMB de Parana e Santa Catarina apresentaram artepilina C, porém em
concentra¢fes menores do que as observadas em propolis PVdB (Machado et al., 2016).
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A artepilina C e acido cumarico (Figura 5) sdo considerados marcadores da prépolis
PVdB, e sugerem a B. dracunculifolia como uma das principais fontes vegetais (Park et al.,
2002). Os extratos de propolis PVeB, PVdB, PMB também foram avaliados contra
Staphylococcus aureus (ATCC 33951 e 25923) e Escherichia coli (ATCC 25922), e mostraram
maior atividade contra a bactéria gram-positiva S. aureus do que na gram-negativa E. coli
(Machado et al., 2016). Esses resultados estédo de acordo com dados publicados que justificam
essa diferenca na atividade com relacdo a diferencas estruturais na parede celular bacteriana
(Koru et al., 2007, Silva et al., 2012, Silici & Kutluca, 2005).

/

Acido cumarico Acido cinamico = COOH

Artepilina C

Figura 5. Estruturas quimicas de alguns importantes constituintes da propolis marrom
brasileira (PMB).
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Tabela 2. Compostos quimicos ja descritos em propolis marrom brasileira (PMB).

Compostos Referéncias
Flavonoides
Flavanonas
Hesperetina, pinocembrina Waller et al., 2017
Flavonas

Apigenin, crisina, luteolina e 5-metoxi-luteolina

Flavanonols
Diidrokaempferideo, Metoxi-pinobanksina

Flavonois
Dimetil quercetina,
quercetina, rutina
Acidos clorogénicos
Acido clorogénico, 4acido 3-O-cafeoilquinico, é&cido 4-O-
cafeoilquinico, é&cido 5-O-cafeoilquinico, 4&cido 3,5-di-O-
cafeoilquinico, acido 4,5-di-O-cafeoilquinico, acido 3,4,5-tri-O-
cafeoilquinico
Fenilpropanoides
Acido p-cumérico, &cido ferdlico, acido cafeico, hidrocinamato
de etila, &cido benzenopropandico, cinamato de metila, trans-
cinamato de sitosterila, hidrocinamato de metila

galangina, isoramnetina, kaempferol

Fenilpropanoides prenilados
Artepilina C, acido 4-hidroxi-3-prenil- cindmico, acido 3,4-di-
hidréxi 5-prenil cindmico, baccharina, drupanina, &cido 2,2-
dimetil-8-prenil-2H-1-benzopirano-6-propendico

Outros fendlicos
Acido 4-hidréxido benzdico, acido siringico, acido vanilico,

acido  elagico, acido  2,2-dimetil-6-carboxietinil-2H-1-
benzopirano, ananixantona (xantona)

Terpenos

Monoterpenos
a-pineno

Sesquiterpenos
7- epi-Sesquitujeno, allo-aromadendreno, aromadendreno,
cariofileno, espatulenol, germacreno D, trans-cadina-1,4-dieno,
trans-nerolidol, viridifloreno, a-cadineno, a-Cis-bergamoteno, o-
copaeno, o-cubebeno, a-curcumeno, a-gurjuneno,  o-
himachaleno, a-humuleno, a-muuroleno a-trans-bergamoteno, o-
ylangeno, B-bisaboleno, B-curcumeno, B-elemeno, B-gurjuneno,
B-selineno, y-cadineno, y-muuroleno, 3-cadineno

Diterpenos
(5S,6S,8R,9R,10S,18R,19S)-18,19-epoxy-2-oxocleroda-
3,12(E),14- triene-6,18,19-triol 18,19-diacetate 6-benzoate
(clerodano) e outros 5 diterpenos
Acido agatico (ent-labdano)
Epimanool

Triterpenos
Cicloartenol, lupeol

Acidos Graxos

Acido cis-oleico, hexadecanoato de etila, oleato de etila,
tetracosanoato de etila, y-palmitolactona, acido hexadecandico,
cis-9-octadecenoato de metila, hexadecanoato de metila,
tetracosanoato de metila

Waller et al., 2017, Fernandes-Silvaetal.,
2013, Sawaya et al., 2004

Machado et al., 2016b, Fernandes-Silva et
al., 2013

Waller et al., 2017, Machado et al.,
2016b, Fernandes-Silva et al., 2013

Waller et al., 2017, Machado et al.,
2016b, Fernandes-Silva et al., 2013

Waller et al.,, 2017, Machado et al.,
2016a, Bittencourt et al., 2015,
Fernandes-Silva, 2013 Santos, David &
David, 2017

Machado et al., 2016a, 2016b, Fonseca et
al., 2011, Fernandes-Silva et al., 2013,
Sawaya et al., 2004, Rodrigues et al.,
2016

Waller et al., 2017, Bittencourt et al.,
2015, Rodrigues et al., 2016, Santos,
David e David, 2017

Fernandes et al., 2015

Bittencourt et al., 2015, Fernandes et al.,
2015

Shigemi et al., 2016, Machado et al.,
2016b, Bittencourt et al., 2015

Bittencourt et al., 2015

Bittencourt et al., 2015
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Estudos contra células tumorais mostraram atividades dos extratos de PVeB e PVdB,
sendo a PMB menos ativa, porém entre essas amostras de PMB mais ativas observou-se maiores
concentracdes de artepilina C (Machado et al., 2016a,b). A PMB coletada no Mato Grosso do
Sul foi analisada em estudos quantitativos e demostrou menores concentragdes de artepilina C
e acidos cumarico e cindmico (Figura 5) em relagdo a PVdB, bem como menor teor de fendis
totais (Rodrigues et al., 2016). Esses extratos de PMB também mostraram auséncia de efeitos
mutagénicos em testes de recombinacdo e mutacdo somatica em células de asas de Drosophila
melanogaster, o que confirma que a atividade antimicrobiana desses extratos ndo esta associada
a inducédo de danos ao DNA (Fernandes et al., 2014). Além disso, o extrato aquoso de propolis
de origem do Cerrado brasileiro também ndo apresentou mutagenicidade in vivo em testes do

micronucleo e in vitro contra células V79 (Rocha et al., 2013).

Em estudo recente Waller e colaboradores (2017) analisaram amostras de propolis de
Pelotas/RS, frente a cepas resistentes de Sporothrix brasiliensis isoladas de gatos e cachorros.
O extrato hidroalcodlico dessas amostras de propolis inibiu o crescimento de 100% dos fungos
e apresentou MIC de 3,125 mg/mL.

Diversas propriedades bioldgicas ja foram descritas para PMB, como antibacteriana,
antioxidante (Fernandes., et al 2014, 2016, Machado et al., 2016a), anti-inflamatdria (Conti et
al., 2015), antiparasitaria (Alday-Provencio et al., 2015, Silva et al., 2017), antitumoral
(Machado et al., 2016a, 2016b) e outras, como pode ser observado na Tabela 3. Convém
destacar, que em comparacdo com as propolis brasileiras PVeB e PVdB, a PMB apresenta

informacBes mais restritas sobre suas propriedades bioldgicas.

Tabela 3. Principais atividades biologicas descritas para a propolis marrom brasileira (PMB).
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Atividades farmacologicas Referéncia
Antioxidante

ABTS Silva et al., 2017, Machado et al., 2016a
DPPH Machado et al., 2016a, Bittencourt et al., 2015
Peroxidacéo lipidica, Luminol/H20z, Xantina  Fonseca et al., 2011

Antitumoral

Citotéxica (B16F10, SF-295, HCT-116, Machado et al., 2016a, 2016b
OVCAR-8, HL-60)
Anti-inflamatorio

In vivo (lesBes por Herpes simplex tipo 2) Sartori et al, 2010
Citocinas (TNF-a e interleucina IL-10) Conti et al., 2015, Yenet al., 2017
COX-2
Anti-Leishmania
Leishmania amazonensis Santana et al., 2014
Anti-Trypanossoma
Trypanossoma cruzi Silvaetal., 2017
Antibacteriana
Bacillus subtilis Bittencourt et al., 2015
Enterococcus faecalis Fernandes et al., 2015, Machado et al., 2016b,
Pimenta et al., 2015
Escherichia coli Machado et al., 2016a, Bastos et al., 2011a
Micrococcus luteus Bittencourt et al., 2015
Staphylococcus aureus Machado et al., 2016a, Bittencourt et al., 2015
Antiflngica
Sporothrix brasiliensis, Cryptococcus  Waller et al., 2017
neoformans
Antigenotoxicidade Fernandes et al., 2014

1.2. Cromatografia liquida de alta eficiéncia acoplada a espectrometria de massas (CLAE-

EM) na analise de produtos naturais

A técnica hifenada CLAE-EM é um dos métodos mais robustos e versateis utilizado nas
analises de amostras complexas e na fitoquimica (Eom et al., 2017). As vantagens dessa técnica
sdo a rapidez, eficiéncia na separacdo dos compostos e alta sensibilidade. Além disso, a técnica
de CLAE e facilmente acoplada a espectrometros de massas com fonte de ionizacdo por
eletrospray (IES), sendo ideal para analises de substancias de média a alta polaridade e
termolabeis (Zhang et al., 2014).

A ionizagdo por eletrospray (IES) é totalmente compativel com esta técnica, alem de
possibilitar a analise de moléculas polares, passiveis de sofrerem ionizacao, e tambeém permitir
0 estabelecimento da massa dos compostos, uma vez que é uma técnica branda de ionizacao
(Crotti, Lopes & Lopes, 2005, Ernst et al., 2014). A ionizacdo em IES ocorre a pressdo
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atmosférica, no qual um campo elétrico intenso dispersa uma amostra liquida em um gés, na
forma de um fino spray de gotas carregadas que, por evaporacdo, resultam em ions na fase
gasosa (Crotti, Lopes & Lopes, 2005). A ionizagdo ocorre principalmente por reacdes acido-
base de Bronsted-Lowry, ou seja, pela protonacdo ou desprotonacdo das moléculas (Ernst et
al., 2014).

Os principais ions formados em IES sdo ions protonados/desprotonados (([M+H]*/[M-
H]"), cationizados ([M+Na]*, [M+K]") e anionizados ([M+CI]") (Vessecchi et al., 2008). Por
ser um método brando de ionizacdo, pouca energia residual € retida pelo analito em IES, sendo
assim, limitada fragmentac&o ocorre ja que as moléculas recebem pouca energia diretamente, 0
que de certa forma, é uma desvantagem da IES para estudos de elucidagdo estrutural. Assim,
para contornar essa desvantagem foram desenvolvidos equipamentos de espectrometria de
massas sequencial (EM/EM ou EM") nos quais ions ativados podem ser ativados por um
processo colisional e serem fragmentadas na célula de colisdo gerando ions que permitem a

identificacdo das substancias (Demarque et al., 2016).

Nas analises de EM/EM, um ion do primeiro estagio (ion precursor) é selecionado e
transferido para uma célula de colisdo, onde utilizando um gas inerte, usualmente Ar, N2, He
ou CO2, a dissociacdo induzida por colisdo (CID — colision induced dissociation) produz a
fragmentacdo do ion precursor. Dessa forma, sdo gerados ions produtos ou de segunda geracéo,
que proporcionam muita informacao estrutural sobre o ion precursor. Assim a identificacdo de
compostos, combinando dados de massas moleculares exatas com 0s espectros de ions produto,
torna-se possivel (Vessecchi et al., 2008). Isto se aplica especialmente para séries homdélogas
de compostos cuja relacdo estrutura-fragmentacao ja foi previamente estudada e descrita, como
é o caso de &cidos clorogénicos e alguns flavonoides, alcaloides e lactonas sesquiterpénicas
(Demarque et al., 2016).

Assim, as principais vantagens da cromatografia liquida acoplada a espectrometria de
massas € que esta técnica permite a identificagdo de compostos com alto grau de confianca e
também por poder identificar analitos que fazem parte de uma mistura complexa sem a
necessidade de isolamento (Vessecchi et al., 2016). Essas técnicas hifenadas sdo muito
aplicadas em estudos de produtos naturais, podendo fornecer informagdes tanto quantitativas
quanto qualitativas. Além disso, convem destacar que € uma das principais técnicas aplicadas

em metaboldmica (Santos et al., 2017, Ernst et al., 2014).
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1.3. Biofilme

O termo biofilme surgiu para descrever a forma de vida microbiana séssil, caracterizada
pela adesdo de microrganismos a suportes solidos, com resultante producdo de substancias
poliméricas extracelulares, estabelecendo uma rede gelatinosa que imobiliza e protege as
células. A formacdo de biofilmes produz alteracfes fenotipicas das células plancténicas, que
podem ser caracterizadas como estratégias de sobrevivéncia dos microrganismos em ambientes

com condicOes adversas (Costerton et al., Stewart e Greenberg, 1999).

As bactérias formam biofilme em vérias superficies como, por exemplo, em sistemas
aquaticos naturais expostos, no interior de tubos de &gua, tubos de troca de calor, em tecidos
vivos, superficie de dentes, no interior de dispositivos médicos e implantes. A formacéo de
biofilme em dispositivos médicos e implantes assim como cateteres, valvulas mecanicas
cardiacas, marca-passo cardiaco, articulacBes protéticas e lentes de contato representam um
critico problema em salde publica. Isto porque essas bactérias em biofilmes possuem menor
sensibilidade aos antibidticos, gerando menor eficiéncia dos tratamentos terapéuticos e o
desenvolvimento de infecgdes persistentes, refletindo em aumentos no tempo de internacao de
pacientes e custos (Rochford et al., 2012, Fletcher et al., 2014).

Inimeros microrganismos sao capazes de participar do processo de adesdo e formagéo
de biofilmes, como bactérias gram-negativas (Pseudomonas aeruginosa, Vibrio cholerae,
Escherichia coli, Klebisiella pneumoniae, Serratia marcescens, Enterobacter cloacae) e gram-
positivas (Staphylococcus aureus, Bacillus cereus) (Nordmann e Cornaglia, 2012). Os
biofilmes bacterianos contém uma populacdo homogénea ou heterogénea de bactérias que
permanecem na matriz constituida por substancias poliméricas extracelulares secretadas por
componentes da populacdo do biofilme (Satpathy et al., 2016). Quando constituidos por varias
camadas de células, apresentam canais que permitem fluxo de liquido e gases, dispersao de

nutrientes e descarte de componentes (McLandsborought et al., 2006).

A primeira etapa envolvida na formacdo do biofilme é a adesdo dos colonizadores
primarios, controlada por interagdes idnicas negativas e/ou positivas entre a parede celular dos
microrganismos e as macromoléculas do filme condicionador, produzido a partir de residuos

do proprio ambiente. As propriedades da superficie da celula, como presenca de flagelo,
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fimbrias, pili, proteinas adesinas, lipopolissacarideos, acido lipoteicoico e capsula influenciam
na aderéncia a superficie, que ocorre em dois estagios: adesdo reversivel seguida por adesdo

irreversivel (Figura 6) (Prakash et al., 2003).

_ . Liberagio
! : ; Biofilme maduro ! de(;
Células . Agregados ou ‘lul
planctonicas | ~ microcolonias -—
e Inicio do OS | -
e o ; '
L S =

Adeséo reversivel Adesio irreversivel

Figura 6. Mecanismo de formacéo dos biofilmes: da adesdo a superficie a liberagdo e dispersao.
Fonte: Trentin et al., 2013).

Apbs a instalacdo microbiana com a superficie ocorrem fases de crescimento e divisdo
celular. As proteinas de adesinas, flagelo e pili funcionam como apéndices que fortalecem as
ligagBes entre as células e a superficie. A migracdo de células ou agregados celulares para
colonizacdo, assim como o desenvolvimento primario e a maturacdo, sdo dependentes da
densidade populacional e modulacdo da expressdo génica, controlados por moléculas
sinalizadoras, processo denominado quorum sensing (Chopp et al., 2002). Dentro de dias a
meses as bactérias presentes no biofilme se multiplicam, construindo microcolénias envoltas
pela matriz de polimeros extracelulares, onde pode ocorrer a adesao de outros microrganismos

presentes no meio, intitulados de colonizadores secundarios (Trachoo, 2003).

Com a superpopulagdo microbiana no interior do biofilme, o ambiente se torna
anaerdbio, promovendo o aumento da concentragdo de acidos e gases insolGveis que debilitam
a estrutura, causando o desprendimento de células Unicas ou de fragmentos. Posteriormente, a
camada microbiana mais externa da estrutura inicia a produgdo de ceélulas bacterianas
planctonicas. Para sobrevivéncia bacteriana a estratégia é a transferéncia celular do biofilme
maduro para uma superficie ainda ndo colonizada, em que esses microrganismos dispersos

formarao novos biofilmes configurando um novo ciclo de contaminacgdes (Sauer et al., 2002).

Os biofilmes podem ser resistentes a mudancas ambientais drésticas, a antibioticos e

desinfetantes, e consequentemente sdo extremamente dificeis de erradicar (Hoiby et al., 2010).
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Assim, intensos esforg¢os tém sido investidos para a descoberta de novos compostos que atuem
contra a instalagdo e manutencdo do biofilme. Em seu estilo de vida planctonico, os
microrganismos recebem um estimulo que os levam a aderir em alguma superficie. Entretanto,
este processo ainda ndo esteja totalmente esclarecido, alguns fatores capazes de influencia-lo
séo caracterizados como pH, concentracdo e biodisponibilidade de nutrientes, autoindutores de
quorum sensing, presenca de compostos organicos, inorganicos e temperatura (Oulahal et al.,
2008).

Para a prevencdo da adesdo celular bacteriana a superficies abiéticas, incluindo
revestimento de dispositivos biomédicos, é feito o uso profilatico de antibidticos e biocidas
como imersao do dispositivo em solucdo antibidtica, irrigacdo do sitio cirrgico com antibidtico
e terapia de blogueio com antibiotico utilizada em cateteres, alguns dos antibiéticos utilizados
sdo vancomicina e gentamicina, que podem reduzir a incidéncia de infeccdes associadas a

biofilmes em dispositivos implantaveis (Lynch e Robertson, 2008).

No intuito de impedir a adeséo celular bacteriana a um substrato bidtico, séo utilizados
compostos pilicidas e os compostos quelantes de ferro. Os pilicidas, como as 2-piridonas
biciclicas, sdo capazes de inibir a biossintese de pili, uma das estruturas bacterianas
responsaveis pela adesdo de certas bactérias as células humanas, (Macedo e Abraham, 2009).
Dessa maneira esses compostos sdo aptos a evitar a adesao de Escherichia coli as células da
bexiga (Pinkner et al., 2006; Aberg et al., 2008) e do Vibrio cholerae as células intestinais
(Hung et al., 2005).

As substancias naturais tornaram-se uma promessa para estratégias contra bactérias
multirresitentes, o0 emprego de pesquisas inovadoras pode superar obstaculos associados as
infeccBes humanas em que 80% delas envolvem biofilmes e sdo um problema de satde publica
(Joo e Otto, 2012). Inimeros produtos naturais sdo testados contra doencgas ha anos, entretanto
em diversos estudos pode-se observar uma tendéncia para a pesquisa da atividade antibiofilme
de produtos naturais. Por exemplo, Lee e colaboradores (2014) que testaram o resveratrol
(polifenol encontrado em uvas, vinho tinto e amendoins) e seu dimero e-viniferin contra cepas
de biofilme de Pseudomonas aeruginosa e Escherichia coli, sendo observada uma inibicdo de

98% o crescimento planctonico.

O flavonoide baicaleina, isolado da Scutellaria baicallensis, inibiu o sistema quorum

sensing na formacéo de biofilmes de Staphyloccocus aureus, apresentando 4,3 UFC/mL na

24



concentracdo de 64 pug/mL. Ja na associacdo de baicaleina (32 pg/mL) e vancomicina (4 ug/mL)
foram observadas apenas 7,3 UFC/mL (Chen et al., 2016). Similarmente Luo e colaboradores
(2016) avaliaram a baicaleina contra biofilmes de Pseudomonas aeruginosa, sendo confirmada

uma reducdo da biomassa de até 53% na concentracdo de 128 pg/mL.

Embora os extratos de iniUmeras variedades de propolis e suas substancias isoladas
sejam testadas frente a diversas bactérias, em andlise da literatura a PMB ainda ndo foi
investigada contra biofilmes de Staphyloccocus aureus, em vista disso neste estudo iremos

explorar as interacdes entre os principais compostos bioativos de amostras de PMB e S. aureus.

1.3.1. Staphylococcus aureus

Staphylococcus aureus € uma bactéria esférica do grupo dos cocos gram-positivos que
faz parte da microbiota humana, mas pode provocar infec¢bes na pele, osteomielites, meningite,

endocardite, pneumonia, abcessos, entre outras (Babu et al., 2014).

A alteragdo no comportamento do S. aureus de comensal a patogénico reflete a sua
necessidade de se adequar a alteracdes do ambiente, e de escapar do sistema imune do
hospedeiro. Quando fagocitados por neutréfilos, seu perfil de expressdo génica € alterado,
favorecendo genes relacionados a viruléncia e permitindo, a conversdo de comensalismo para

viruléncia (Feng et al., 2008).

O tratamento contra S. aureus tem sido de grande preocupacédo para a clinica médica,
pois além de se tratar de um microrganismo com largo potencial de viruléncia as op¢des de
antimicrobianos estdo sendo reduzidas a partir do surgimento da resisténcia a penicilina, a

meticiclina e a vancomicina (Mahmoudi et al., 2015).

Na decada de 60, a insercdo das penicilinas resistentes a penicilinases, como a
meticiclina, proporcionou o0 avang¢o no tratamento de infec¢es causadas pelo S. aureus. No
entanto, essa melhora foi acompanhada pelo surgimento de cepas resistentes, denominadas de
Staphylococcus aureus resitente a meticiclina (MRSA), cujo padrdo de reisténcia muitas vezes
se estende a outros antibidticos do tipo B-lactdmicos. Nos anos 90, foram descobertas cepas de
S. aureus resistentes aos glicopeptideos como, por exemplo, a vancomicina (Mimica & Mendes,
2007).
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S80 descritos trés mecanismos de resisténcia aos p-lactdmicos em S. aureus:
superproducdo de B-lactamases, presenca de proteina PBP2a (protein blinding penicilin 2a)
alterada, e modificacGes na capacidade de ligacdo das PBPs. Os autores tem sugerido que esses

trés mecanismos podem co-existir em uma mesma cepa (Reddy et al., 2004).

As infeccOes causadas por cepas resistentes de S. aureus elevam o tempo de estadia nos
hospitais, oneram o sistema de salde e aumentam as taxas de mortalidade. Além disso, a
presenca de MRSA em uma instituicdo esta claramente relacionada com um ndmero aumentado
de bacteremias que prolongam o tempo de permanéncia no hospital, quando comparado com

bacteremias provocadas por S. aureus resistente a meticilina (Wooten & Winston, 2013)

Por fim, as opcdes terapéuticas para o tratamento de infec¢Ges provocadas por S. aureus
sdo limitadas, sendo imprescindivel a necessidade de investimento na pesquisa cientifica para
o desenvolvimento de inovacdes tecnoldgicas visando a descoberta e/ou sintese de novos e mais
eficazes farmacos antibidticos para combater esses agentes infecciosos multirresistentes que

sdo um problema de salde publica.

1.4. Trichomonas vaginalis

O protozoario Trichomonas vaginalis causa a tricomoniase que € a segunda infeccao
ndo viral mais comum em humanos transmitida sexualmente (Ravaee et al., 2015). A
tricomoniase infecta aproximadamente 276 milhdes de pessoas anualmente (WHO, 2012). Este
protozoario possui morfologia elipsoide, piriforme ou oval em preparagdes fixadas e coradas.
N&o possuem a forma cistica, somente a trofozoitica, que é simultaneamente infecciosa e ativa.
Morfologicamente o T. vaginalis possui quatro flagelos anteriores, de tamanhos distintos, um
flagelo recorrente que se adere ao corpo pela parte posterior. Possui uma estrutura interna rigida
e hialina chamada axéstilo, formada por microtibulos. E um organismo anaerébio facultativo,
se desenvolve na faixa de pH 5,0 a 7,5 e em temperaturas entre 20°C e 40°C. O flagelo utiliza

glicose, maltose e galactose como fonte de energia (Maciel et al., 2004).

A transmissdo ocorre, principalmente, por via sexual, entretanto por ser resistente ao
meio externo, conserva sua infecciosidade em goticulas de secrecdo vaginal depositadas em
fomites como artigos de toalete e assentos de privada (Afzan & Suresh, 2012; Pessda & Martins,
1982).
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A presenca do parasita na vagina esta associada a um corrimento de aspecto cremoso,
acido e de cor amarelo esverdeado, caracterizando uma leucorréia persistente. Os sinais e
sintomas da tricomoniase vdo depender das condi¢Ges individuais, da agressividade e do
numero de parasitas (Maciel et al., 2004). Foi constatado que ha um aumento da incidéncia de
T. vaginalis no periodo do ciclo ap6s a menstruacdo. Este fato é possivelmente causado pela
capacidade de fagocitar hemacias a fim de adquirir ferro da hemoglobina, que constitui um

componente essencial ao metabolismo do parasita (Menezes et al., 2016)

As manifestacdes clinicas de T. vaginalis sdo irritacdo e secrecdo vaginal com mau
cheiro, disuria, dor abdominal, uretrites, cervicite e infertilidade, além de parto prematuro e
baixo peso do recém-nascido (Fichorova, 2009; Quintas-Granados et al., 2016; Kumar et al.,
2015). Em homens, esta infeccdo é mais de 70% dos casos assintomatica, sendo que 0sS

sintomas, quando manifestados, sdo secrecdo uretral e distria (Kung et al., 2016).

Em estudo feito na cidade de Porto Alegre, Sul do Brasil, no periodo entre 2011 e 2012,
foram coletadas amostras de urina de 530 pacientes, dentre estas 30 foram positivas para
infeccdo por T. vaginalis (24 mulheres e 6 homens). Das 30 amostras infectadas, 26 foram
sensiveis a metronidazol, porém 4 eram cepas resistentes (Becker et al., 2015). Ao avaliar a
prevaléncia de importantes infecgdes sexualmente transmissiveis, Souza e colaboradores
(2013) coletaram amostras de 556 mulheres de Maringa (PR) e separam em dois grupos; grupo
HIV positivo com 178 pacientes, onde foram detectadas T.vaginalis em 20 amostras; e grupo
controle HIV negativo com 378 pacientes que entres estes 49 amostras estavam infectadas. E
importante destacar que esta infecdo ocorre mundialmente, havendo um aumento na
suscetibilidade a infeccdo por pacientes portadores de HIV e, além disso, essas infec¢des por
T. vaginalis aumentam o risco de cancer cervical e de préstata (WHO, 2012).

Atualmente, o tratamento da infeccdo por T. vaginalis é realizado com o0s
nitroimidazolicos metronidazol e tinidazol (Ravaee et al., 2015). Pérem, os casos de resisténcia
a esses medicamentos tem sido comumentemente descritos (Kirkcaldy et al., 2012, Muzny &
Schwebke, 2013), o que ressalta a necessidade de novos medicamentos para tratar a
tricomoniase. Neste contexto, uma alternativa para essa busca de novos protétipos sdo 0s
produtos naturais, ja que mais de 40% dos farmacos antiparasitarios aprovados entre 1981 e
2014 sdo produtos naturais ou derivados, e assim comprovam sua importancia nesses
desenvolvimentos (Newman & Cragg, 2016). Além disso, um creme vaginal contendo a mistura

de extratos das plantas Azadirachta indica, Sapindus mukerossi (saponinas) e Mentha citrate
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(6leo essencial) estd em fase Il de triagem clinica. Esta formulagdo demostrou 77% e 100% de
inibicdo de C. albicans e T. vaginalis, respectivamente (Sharma et al., 2009), o que também
destaca a participacdo dos produtos naturais na busca por novos recursos terapéuticos para tratar

a tricomoniase.

Assim, nosso estudo também focou em explorar a atividade da propolis marrom
brasileira (PMB) contra T. vaginalis, pois esta ainda ndo foi estudada. Somente ha descrito na
literatura a atividade de um extrato de propolis cubana contra T. vaginalis (Fidalgo et al., 2011),

logo esses relatos estimularam nossos estudos com PMB.
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2. OBJETIVOS

2.3. Objetivo geral

Analisar os perfis quimicos e atividades bioldgicas (antibiofilme e
antitricomonas) de amostras de propolis marrons brasileiras provenientes de localidades
diferentes e compreender as correlagdes entre suas composi¢des quimicas com as propriedades

bioldgicas através de ferramentas metabolémicas.

2.4.  Objetivos especificos

. Desenvolver uma metodologia reprodutivel e eficiente para a obtencdo de
extratos de propolis e fragdes provenientes dos extratos;

. Analisar e desreplicar os extratos de propolis a partir de CLAE-DAD-EM;

. Avaliar as atividades biologicas dos extratos e fracGes de propolis em testes
antibiofilme frente as bactérias Staphylococcus aureus e Pseudomonas aeruginosa, €
antiparasitaria contra Trichomonas vaginalis.

o Aplicar a metabol6mica e analises estatisticas para dos dados obtidos dos
extratos e fragOes e determinar 0s compostos bioativos.
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Abstract

Propolis, a resin produced by bee, is widely used in industrial products, including food,
cosmetics, supplements and pharmaceutical. Extracts (ethanolic and hydroethanolic) and
fractions yielded by accelerated solvent extraction methodology were obtained from different
samples of Brazilian brown propolis (BBP). They were evaluated for antioxidant capacity, total
phenolic content (TPC), antimicrobial, antibiofilm and anti-Trichomonas vaginalis activities.
The metabolomics profiling was determined by LC-DAD-MS and an innovative application of
statistical analyses (multivariate and chemometrics) was applied to correlate chemical
compounds with biological activities. Eighty six compounds were identified, like as
phenylpropanoic acids, flavonoids, chlorogenic acids and prenylated phenylpropanoic acids.
Propolis-fractions killed about 93% of Staphylococcus aureus in biofilm (at concentration of
125 ng/mL) and showed activity against T. vaginalis with MIC at 400 pg/mL. The prenylated
phenylpropanoic acids correlated positively with both activities, such as the metabolites

artepillin C, drupanin and baccharin.

Keywords: propolis, biofilm, Trichomonas vaginalis, LC-DAD-MS, artepillin C.
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1. Introduction

Propolis, a natural resin produced by bee from several plant botanical sources, is applied
in traditional medicine since remote times to the treatment of different diseases (Bankova,
2005). Several pharmacological and biological properties have been described for propolis
(Bittencourt, Ribeiro, Franco, Hilhorst, Castro & Fernandez, 2015, Tiveron et al., 2016),
justifying and stimulating the increased number of health food products, cosmetics,
pharmaceuticals with propolis, and it remains as a potential source for the discovery and
development of new products (Toreti, Sato, Pastore, & Park, 2013). Propolis can exhibit
different colors (green, brown and red), showing distinct chemical compositions, which reflects
on differences of their biological properties (Tiveron et al., 2016). The chemical constituents
presented from Brazilian propolis are mainly flavonoids, chlorogenic acids, terpenes, phenolic
acids and derivatives, fatty acids, prenylated benzophenones and prenylated phenylpropanoid
acids (Trusheva et al., 2006, Piccinelli, Lotti, Campone, Cuesta-Rubio, Campo Fernandez, &
Rastrelli, 2011, Fernandes-Silva, Salatino, Salatino, Breyer, & Negri, 2013, Bittencourt et al.,
2015, Tiveron et al., 2016). Brazilian brown propolis (BBP) is commonly composed by
flavonoids, fatty acids, phenylpropanoid acid and their prenylated derivatives, such as artepillin
C (Fernandes-Silva et al., 2013). This compound has been described in high amounts in
Brazilian green propolis, which is considered a marker of the botanical source Baccharis
draculculifolia (Machado et al., 2016) and it possess several biological activities, including
antibacterial properties (Veiga et al., 2017, Messerli et al., 2009, Paulino et al., 2008).

Recently, a green propolis ethanolic extract revealed promising results against
Streptococcus mutans dental biofilm, and chlorogenic and phenylpropanoid acids (caffeic,
ferrulic and p-coumaric acids) could be identified (Cardoso et al., 2016). However, the activity
of Brazilian propolis against bacterial biofilm has been scarcely explored, including the study

of agents able to prevent biofilm formation and agents able to kill bacteria in biofilm form. New
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strategies to inhibit the biofilm formation or to combat formed biofilms are attractive for
medicinal area, since antibacterial treatments are frequently ineffective against bacteria into
biofilm leading to chronic infectious diseases. The bacterial infections in humans by
Staphylococcus aureus are common in hospitals, increasing the time hospital stay, death
incidence and medical costs (Bjarnsholt et al., 2013).

Trichomonas vaginalis, this is a parasitic protozoan that causes trichomoniasis, the most
common non viral sexually transmitted disease worldwide with an incidence of 276 million
cases per year (WHO, 2012). Of concern, this infection is associated with complications such
as pregnancy outcomes, infertility, cervical and prostate cancers (Vieira, Tasca, & Secor, 2017).
The treatment of trichomoniasis is based on 5’-nitroimidazoles derivatives, with only two drugs
approved by the Food and Drug Administration (FDA, USA), metronidazole and tinidazole.
The main failures in the treatment include side effects, treatment noncompliance, and an
increase number of T. vaginalis resistant isolates (Muzny & Schwebke, 2013) that it highlights
the requirement of new drugs and treatments (Vieira et al., 2017). To our knowledge, only
cuban propolis was studied against T. vaginalis (Fidalgo et al., 2011), and promising results
were described. Thus, this is another underexplored field for propolis that is relevant to develop
new products from it.

The developing of innovative strategies for screening and analysis of natural products
has been applied to reduce the barriers for new drugs developing, accelerating the processes
and getting a holistic perspective based on metabolic profiling (Wishart, 2016). Thus
metabolomics approaches can be applied to identify action mode of drugs and novel drugs
targets, as well as to detect diseases, to discovery potential drugs and others (Wishart, 2016,
Harvey, Edrada-Ebel & Quinn, 2015). Although the traditional methods to determine bioactive
compounds, like as isolation by guided-studies from extracts, have successful, they required

long time and this reductionist procedure could not allow the determination of synergist effects
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between the components (Wang et al., 2005). Therefore, recently the correlation between
biological properties and metabolome by multivariate statistical analysis has been applied to
identify the potential bioactive compounds from extracts (Harvey, Edrada-Ebel & Quinn, 2015,
Bittencourt et al., 2015). This technique has been scarcely explored, but it induces a new time
for drug discovery by detection and identification of new bioactive compounds and the
synergism effects in the systems biology (Wang et al., 2005, Bittencourt et al., 2015). An
application example of this methodology is the identification antibacterial active compounds
from Brazilian brown and green propolis. However, only non-polar constituents were studied
by gas chromatography-mass spectrometry (GC-MS) such as triterpenoids, steroids,
sesquiterpenes and hydrocarbons, and they were suggested synergy action for the antibacterial
activity (M. luteus, S. aureus and B. subtilis) (Bittencourt et al., 2015). Then our study aimed
the application of metabolic profiling (compounds more polar) by LC-DAD-MS and statistical
analyses to identify them potential bioactive metabolites against bacterial biofilms and T.

vaginalis from Brazilian brown propolis (BBP).

2. Materials and Methods
2.1. Propolis samples and extration

Brazilian brown propolis (BBP) samples were acquired commercially. They were
collected in the period of 2015 December and 2016 March and produced from tree different
Brazilian states: Mato Grosso do Sul (MS) [Apiario Vovo Pedro Ltda], Parana (PR) [Apiario
Mel da Ilha Ltda] and Minas Gerais (MG) [Natucentro Ltda]. The samples were stored at -16°C
until its use for extraction.

Initially, the BBP samples (500 mg) were extracted with ethanol:water (7:3, v/v) and
ethanol (4 mL) applying an ultrasonic bath (25 min) to produce hydroethanolic and ethanolic

extracts. The supernatants were maintained at 10°C for 2h to remove waxes as described by
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Sawaya, Cunha & Marcucci, 2011. Subsequently, the supernatants were partitioned with
hexane and hydroethanolic extracts were concentrated and freeze-dried. Thus, two extracts
from each BBP were obtained; the ethanolic (P-Et/MS, P-Et/MG and P-Et/PR) and

hydroethanolic (P-EtH.O/MS, P-EtH.O/MG and P-EtH.O/PR) extracts.

2.2 Fractionation of propolis extract

The BBP sample from MS (100 g) were extracted with ethanol (2.8 L) by ultrasonic
bath (25 min) and processed as described previously. The P-Et/MS extract (1g) was fractionated
by accelerated solvent extractor Dionex™ ASE™ 150 using silica gel 230-400 mesh MERCK
(39 g). The fractions were obtained with hexane (P-Et/MS-Hx, 0.3%), dichloromethane (P-
Et/MS-DCM, 17.8%), ethyl acetate (P-Et/MS-Ac, 44.2%) and ethanol (P-Et/MS-Et, 37.7%).
The parameters used in the extractor were the following: temperature of 100 °C, static
extraction cycle of 1 min, 150% volume wash, pressure of 1,500 psi and purge of 100 sec. All

the fractions were concentrated on rotatory evaporator and freeze-dried.

2.3 Analyses of extracts and fractions by liquid chromatography coupled to diode array
detector and mass spectrometry (LC-DAD-MS)

An UFLC LC-20AD Shimadzu Prominence and a high-resolution mass spectrometer with
electrospray ionization source (MicrOTOF-Q 11 - Bruker Daltonics, Billerica, MA, USA) were
used to analyze the samples. A Kinetex C18 column (2.6, 100A, 150 X 2.1 mm, Phenomenex)
was used. The samples were prepared at Img/mL concentration, filtered on PTFE filters (Millex
0.22 mm x 13 mm, Millipore) and 1 pL was injected into chromatographic system. The oven
temperature and flow rate were 50°C and 0.3 mL/min, respectively. The mobile phase was

acetonitrile (B) and water (A) both added formic acid 0.1% (v/v). The elution profile was 0-2
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min 3% of B, 2-25 min 3 to 25% of B, 25-40 min 25 to 80% of B and 40-43 min 80% of B. The
samples were analyzed in negative and positive ion mode. Nitrogen was used as nebulizer gas
(4 Bar) and drying gas (9 L/min), applying the capilar voltage of 2500 Kv. The identification
of the compounds was performed by UV, MS (accurate mass) and fragmentation profile data
compared to data published and some compounds were confirmed by co-injection of authentic

standard.

2.4 Bacteria and parasites culture conditions

Staphylococcus aureus (S. aureus) ATCC 25904 and Pseudomonas aeruginosa ATCC
27853 were cultivated in Mueller Hinton (MH) agar (Oxoid Ltda., Inglaterra) at 37°C for 24 h.
Bacterial suspensions in 0.9% NaCl sterile were prepared by adjusting optical density at 600
nm to 0.15, which corresponds to 3x108 CFU/mL.

T. vaginalis isolate ATCC 30236 (JH 31A #4, from the American Type Culture
Collection, ATCC, USA) was used in this study. Trophozoites were cultivated in trypticase-
yeast extract-maltose (TY M) medium at pH 6.0, supplemented with 10% (v/v) heat-inactivated
bovine serum and incubated at 37 °C (Diamond, 1957). Organisms in the logarithmic phase of
growth and exhibiting more than 95 % viability and normal morphology were harvested,

centrifuged, and resuspended on new TYM medium for testing propolis extracts and fractions.

2.5 Activity on bacterial growth: determination of minimal bactericidal concentration for
planktonic cells (MBC-P)

Broth microdilution and MTT (Thiazolyl Blue Tetrazolium Bromide, Sigma-Aldrich,
EUA, Bellefonte, PA) assays were applied in order to determine the minimal concentration of
sample able to kill bacteria. Briefly, in 96-well plate (Costar 3599, Corning, Inc., Corning,

NYC), bacteria were cultured on Brain Hearth Infusion medium (BHI) during 24 h of at 37°C
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in presence of extracts or fractions. After incubation, the content of wells was removed and
planktonic cells were plated on Mueller Hinton agar (37°C, 24 h) to verify the presence of
viable cells. In parallel, the content of wells (planktonic cells) was transferred to a new
microplate and 0.3 mg/mL of MTT was added. After incubation (1h, 37°C), the absorbance at
570 nm was measured. Minimal bactericidal concentration for planktonic cells (MBC-P) was
determined as the lowest concentration able to avoid bacterial colonies development and which

bacteria were classified as unviable according measurement in MTT assay.

2.6 Activity on biofilm formation

Biofilm formation was evaluated using crystal violet assay according Trentin et al.
(2011), with modifications. In a 96-well plate (Costar 3599, Corning, Inc., Corning, NYC), 4
uL of the extracts and fraction dissolved in dimethylsulfoxide (DMSO) were added to 76 uL of
sterile water, 40 uL culture broth (Brain Hearth Infusion medium (BHI) for S. aureus and
Tryptone Soya Broth (TSB) for P. aeruginosa) and 80 uL of bacterial suspension. Controls
possessing 4 uL of DMSO (vehicle) or antibacterial (vancomycin for S. aureus or gentamicin
for P. aeruginosa) were included. The extracts/fractions were evaluated at concentrations of
100 and 500 pg/mL. Microplates were incubated during 24 h at 37°C and adherent cells were
revealed with crystal violet while viability was measured by MTT assay. The bacterial grown
was evaluated in parallel according the absorbance at 600 nm measured between the initial (0
h) and final (24 h) times. The values higher 100% represent induction of bacterial grown or

biofilm formation compared to the negative control.

2.7 Activity on established biofilm: Minimal bactericidal concentration for biofilm cells (MBC-

B) and minimal biofilm eradication concentration (MBEC)
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S. aureus biofilm was grown for 24 h at 37°C (80 pL of bacterial suspension, 40 pL of
BHI and 80 pL of sterile water). Afterwards, the content of wells was removed (in order to
remove planktonic bacteria) and adherent cells were treated with samples (4 uL of samples, 76
uL of sterile water, 40 uL of BHI and 80 uL of sterile 0.9% NaCl) and microplates were
incubated during 24 h at 37°C. Then, the content of wells were removed, and biofilm biomass
and viability of the remaining biofilm were determined by crystal violet (Trentin et al., 2011)
and MTT staining (0.3 mg/mL MTT, 37 °C 1h) methods, respectively. Minimal bactericidal
concentration for biofilm cells (MBC-B) was determined as the less concentration of sample
able to turn biofilm bacteria unviable as measured by MTT assay. Minimal biofilm eradication
concentration (MBEC) was determined as the lowest concentration of sample able to disrupt
biofilm biomass as measured by crystal violet assay. Positive (vancomycin) and negative

(vehicle DMSO) controls were included.

2.8. Confocal Laser Scanning microscopy (CLSM)

Biofilms were formed in the plates (37°C during 24 h) and after the content was removed
and biofilms were treated (37°C during 24 h), including positive and negative controls. The
compartments were gently washed with sterile saline and cells were stained during 30 minutes
with the LIVE/DEAD BacLight Bacterial Viability Kit (Life Technologies, USA), according
to the manufacturer instructions. In this staining, the SYTO-9 labels cells with damaged or
intact membranes (green fluorescence), whereas the propidium iodide penetrates only in the
cells with damaged membranes (red fluorescence), reducing the fluorescence of SYTO-9.
Images were obtained using an OlympusIX81 confocal microscope and UPLSAPO 60X W

NA:1.20 objective and were overlaid using Olympus FV 1000 software.

2.9 Anti-T. vaginalis assay
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In the 96-well microplate, 50 pL of the extracts and fractions (concentrations of 100 and
500ug/mL) were added to 150pL of trophozoites suspension (2.0 x 10° trophozoites/mL final
concentration). The plate was maintained for 24 h at 37 °C in 5% of CO2 humidify.
Subsequently, the exclusion dye trypan blue was added and counting of viable number by
Neubauer camera. The viability of trophozoites was calculated considering 100% of negative
control by counting viable parasites in Neubauer camera using exclusion by trypan blue dye
(0.2%). Three controls were carried out: negative control (TYM only with trophozoites),
vehicle control (DMSO 0.6%) and positive control (100uM metronidazole). The
extracts/fractions that reduced 100% of viability trophozoites were used to determine the
minimum inhibitory concentration (MIC) by inoculating the content of the wells in new TYM

and checking up to 120h.

2.10 Antioxidant capacity by DPPH assay

The antioxidant was determined by DPPH (2,2-diphenyl-1-picrylhydrazyl, Sigma-
Aldrich) method, , as described by Herald, Gadgil & Tilley (2012). In a 96-well plate, 25uL of
the extracts/fractions (1 mg/mL) were added, as well as quercetin standard (400 pug/mL). The
samples were serially diluted resulting in ten concentrations (extracts/fractions: 1, 0.5, 0.25,
0.125, 0.063, 0.031, 0.016, 0.008 and 0.002 mg/mL; quercetin: 400, 200, 100, 50, 25, 12.5,
6.25, 3.125, 1.56 and 0.78 pg/mL), which were analyzed in triplicates. All the samples were
added 200pL of DPPH (150 puM/L in methanol 8:2, v/v), except in the negative and
extract/standard controls. The plate was incubated in the dark room temperature for 12h. The
measured absorbance was performed at 517 nm using an Elisa reader (SpectraMax Plus 384).
The ICso was calculated by the equation from standard curve and replacing the y value to reduce

50% of the DPPH. These calculations were carried out in Minitab 16 software.
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2.11. Statistical analyses for biological evaluations
For the comparison between groups, Student's t-test (p < 0.05) was used. The
experiments were performed in triplicate and using different cultures (n = 3). The results were

expressed as mean + SD.

2.12. Data processing for metabolomics analysis

All the extracts/fractions were analyzed by LC-MS in positive and negative ion mode at
concentration 1 mg/mL, but the positive ion mode analyses were selected due to higher number
of peaks observed. The pool (produced from all the samples) was used to determine the
reproducibility of the equipment, as well as the stability of the substances. Initially, the data
was analyzed and processed on software DataAnalysis 4.2 (Bruker Daltomics). Metalign
software was applied to align the data; subsequently they were reduced through software
MSclust. Thus, the data was analyzed by Metaboanalyst 3.0 platform by statistical analyses
such as principal component analysis (PCA) and PatternHunter. The data were normalized by
median and transformed by log transformation. The biological results were inserted on input
array (100 - % trophozoites viability or % of biofilm x 100) and the positive and negative
correlations were determined applying Pearson correlation (significant at p < 0.05). The

metabolites with ion intensity lower than 2000 were excluded of input array.

3. Results and Discussion
3.1. Extracts and fractions from BBP
The extracts (ethanolic and hydroethanolic) and fractions were analyzed by LC-DAD-

MS. The extracts showed similar chemical compositions, but differences on intensity peaks
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were observed (Figure S1 — Supplementary Material). The principal component analysis (PCA)
analysis explained 66.8 % of data variability (50.1% and 16.7 % from component 1 and 2,
respectively) between the extracts and fractions (Figure S2). The dendogram resulting from
hierarchal cluster (Figure S2) showed higher proximities of the metabolome of extracts and the
fraction P-Et/MS-Et. In addition, the fractions P-Et/MS-DCM and P-Et/MS-Ac revealed more
chemical similarities that could also be observed from their biological activity data.

The fractionation by accelerated solvent extractor was an efficient methodology to get
enriched fractions on artepillin C and prenylated coumaric acid derivatives (Figure S3). The
accelerated solvent extraction (ASE) has shown several advantages, such as high
reproducibility and efficiency, which can be easily applied in industrial processes (Camel,
2001). However the application of ASE is innovative for the purification of the compounds, as
we demonstrated in this study for the obtaining of the artepillin C, and it allow the application
in higher scales. Thus, we produced fractions from P-Et/MS to evaluate against T. vaginalis
and biofilm formation and subsequently they were analyzed by LC-DAD-MS applying
metabolomics tools and statistical analyses to correlate the chemical compounds with the

biological activities, as subsequently demonstrated.

3.2. Identification of the constituents by LC-DAD-MS from extracts and fractions from
Brazilian brown propolis (BBP)

The chromatograms of the ethanol extracts and fractions were illustrated in the Figure
1. The constituents from BBP were identified based on the spectral data of UV, MS and
MS/MS, compared to the data reported in the literature and to the injection of some authentic
standards (Table 1).

The extracts of BBP have showed several similar chemical constituents, including

chlorogenic acids, phenylpropanoids acids, flavonoids, prenylated phenylpropanoids acids,
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diterpenes and others (Table 1, Figure 1). A total of 86 metabolites were detected and identified
from the samples, showing the prenylated phenylpropanoids acids with higher intensities in the
chromatogram (Figure 1 and S3).

The chromatographic peaks 3, 9, 10, 15, 16, 20 and 28 showed two bands in the UV
spectra at Amax =299 and 325 nm, which are compatible to caffeic acid and the MS data to
chlorogenic acids (Silva, Okano, Lopes & Oliveira, 2013). Their identifications were based on
the comparison of the fragmentation pathway described by Clifford, Knight & Kuhnert (2003)
in negative ion mode. The product ions at m/z 179 and 191 are yielded by losses of quinic and
caffeic acids, respectively. While the product ion at m/z 173 is relative to loss of a caffeoyl unit
and a molecule of water. This ion is a diagnostic ion for 4-O-E-caffeoylquinic acid, because the
water elimination is mandatory to occur the loss of caffeoyl unit due to the absence of spatial
proximity of this unit and COOH or OH (at C-1) (Clifford, Zheng & Kuhnert, 2006). In
addition, the quinic acid esterification by caffeoyl at C-3 and C-5 was confirmed by ion m/z
179 from 50 and 5% intensity in relation to base peak (m/z 191), respectively. Thus, the
chlorogenic acids from BPP was identified as 5-O-E-caffeoylquinic acid (3), 3,4-di-O-E-
caffeoylquinic acid (9), 3,5-di-O-E-caffeoylquinic acid (10), 4,5-di-O-E-caffeoylquinic acid
(15), O-E-coumaroyl-caffeoylquinic acid (16, 20), and 3,4,5-tri-O-E-caffeoylquinic acid (28).
These constituents were already described in Brazilian propolis in green propolis (Fernandes-
Silva et al., 2013).

Several phenylpropanoic acid derivatives were also identified from the samples, which
are basically composed by coumaric or caffeic acid. The UV spectra of these compounds were
used to suggest the presence of coumaroyl (Amax =299 and 310 nm) or caffeoyl units (Amax =299
and 325 nm) (Silva et al., 2013). The fragment ions at m/z 163 (CgH-0z") and 179 (CoH704)
are relative to coumaric and caffeic acid, respectively, and confirmed them in the structures.

The compound 11 showed an intense ion at m/z 505.13990 [M-H]" (compatible to C24H25012),
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like as compound 12, and the fragment ions m/z 181 relative to dihydrocaffeic acid, which is
yielded by the loss of hexosyl-caffeoyl group. Thus the compounds 11 and 12 were putatively
identified as O-hexosyl-caffeoyl dihydrocaffeate, which were already isolated from B.
dracunculifolia (Nagatani, Warashina & Noro, 2001), but it has not been described from
propolis. By the similar fragmentation pathway, the compound 19 was putatively identified as
O-deoxyhexosyl-O-methyl-dihydrocoumaroyl-caffeate. In addition, the substances 45 and 52
exhibited intense ions at m/z 327.1250 [M-H]~ (compatible to C19H190s5") and fragment ions at
m/z 181 and 163 that suggested dihydroconiferyl and coumaroyl groups. Thus they were
putatively identified as dihydrocoumaroyl coumarate, which are constituents described from
Brazilian propolis (Tazawa, Warashina & Noro, 1999). Besides, the dihydrocoumaric (4) and
coumaric acids (5) were also observed in the samples.

The prenylated coumaric and caffeic acids were also detected from BBP with one or
two prenyl units. These constituents are common compounds in the botanical source B.
dracunculifolia, and they are also founded commonly in Brazilian green and brown propolis
(Tazawa et al., 1999, Fernandes-Silva et al., 2013). From compound 14, a UV spectrum similar
to caffeic acid was observed and its deprotonated ion (m/z 247.0997 relative to C14H1504)
yielded the fragment ion at m/z 179 by loss of a prenyl that confirmed the esterification of
caffeic acid with this group. This compound was identified as O-prenyl caffeate, which was
already described from Brazilian propolis (Gardana & Simonetti, 2011) and MS data are
compatible to report in the literature (Piccinelli et al., 2013). The compound 74 revealed an
intense ion at m/z 299.1636 [M-H] (CisH2305) and its fragment ions m/z 255 and 200 are
produced by losses of 44 u (CO.) and subsequently 55 u ("CsH7), which characterized the
carboxyl and prenyl groups, like as reported in the literature (Gardana, Scaglianti, Pietta &
Simonetti, 2007). This substance was also confirmed by *H NMR from the fraction P-Et/MS-

DCM (data not shown) as artepillin C. The similar fragmentation pattern was used to identify
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the other prenylated compounds such as drupanin (43, m/z 187 [M-H-CO-] and 176 [M-H-
‘C4H7]") and baccharin (77) that showed an additional loss of a hydrocinnamoyl. The substances
with hydroxylated prenyl group was suggested based on further fragment yielded by 30 u losses
(CH20), as described for them (Carrdo et al, 2017). Thus, twenty four prenylated
coumaric/caffeic acids were identified from the analyzed samples.

Flavonoids were also detected from propolis samples, including flavanones (25, 49, 50
and 60 - Amax =290 and 330/shoulder nm), flavanonols (8 and 30 - Amax =290 and 330/shoulder
nm), flavones (6 and 36- Amax ~265 and 330 nm) and flavonols (33, 34, 37, 57 and 58 - Amax
~270 and 360 nm), and the UV spectra were compatible for each class (Silva et al., 2013). The
fragmentation pathway has been described in many studies, and basically the main fragments
ions to identify the aglycones are yielded the retro Diels Alder reactions (RDA) from C-ring,
as well as losses of CO by single-step mechanism (concerted mechanism) in the C-ring
(Cuycken & Claeys, 2004, Silva et al., 2013). From RDA fragmentation, A- and B-ring
substitution pattern can be determined, such as the ion at m/z 151 (relative to ring A) of
compounds 49 and 50 that confirmed two hydroxyl groups in the A-ring. For the flavanones
and flavanonols, the structural characterization was also performed from the fragment ions
yielded by losses of a molecule of water ([M-H-H20]"), which confirmed the hydroxyl at C-3
in flavanonols, such as the product ions at m/z 269 and 283 of compounds 8 and 30, respectively.
In addition, the methoxyl groups were confirmed by losses of *CHs for the flavonoids 30, 34,
36, 37, 50, 57, 58 and 60. The flavonoids identified from BBP samples have been described
from Brazilian propolis (Tazawa et al., 1999, Piccinelli et al., 2011, Banksota et al., 2001,

Bankova et al., 2005, Fernandes-Silva et al., 2013, Gardana et al., 2007, Tiveron et al., 2016).

3.3. Antioxidant capacity
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The antioxidant capacity, determined by DPPH assay, of ethanolic (P-Et/PR, P-Et/MG,
P-Et/MS) and hydroethanolic extracts (P-EtH20/PR, P-EtH.O/MG, P-EtH.O/MS) showed ICso
ranged from 2.53 to 3.35 and 1.72 to 2.81 pg/mL, respectively (Table 2). The hydroethanolic
extracts P-EtH2O/PR and P-EtH.O/MS revealed higher antioxidant capacity, and the fraction
P-Et/MS-Et revealed higher antioxidant capacity than the other fractions (P-Et/MS-Ac and P-
Et/MS-DCM) and its extract P-Et/MS. These extracts and fractions showed higher antioxidant
capacity than the observed from Brazilian green and brown propolis extracts by Bittencourt and

coworkers (2015).

3.4. Activity against bacterial biofilm

BBP extracts were not active for P. aeruginosa (Figure S4) but they showed significant
activities against S. aureus (Figure 3). The bacterial growth and biofilm formation were
determined by different times (1.5, 3, 6 and 24h) (Figure 2 and S6), and the higher biofilm
inhibition of S. aureus was detected after 24h (Figure 2). The extracts P-EtH.O/MG, P-Et/MG
and P-EtH>O/MS possess a strong capacity to inhibit bacterial growth (classical antibiotic
activity). The extracts P-Et/MS and P-Et/PR slightly influenced bacterial growth, but inhibited
significantly the biofilm formation. Thus, P-Et/MS extract was selected, since the chemical
composition of the extracts were similar, and fractionated to produce the fractions P-Et/MS-
DCM, P-Et/MS-Ac and P-Et/MS-Et, which were evaluated against bacterial biofilm.

The samples P-Et/MS-DCM, P-Et/MS-Ac and P-Et/MS-Et presented distinct profiles of
activity: (i) P-Et/MS-Ac and P-Et/MS-DCM presented a pronounced antibiotic activity and (ii)
P-Et/MS-Et slightly inhibited bacterial growth and was capable to avoid 50% of biofilm
formation. Interestingly P-Et/MS-DCM Kills bacteria inside the mature biofilm, in the same

magnitude as planktonic cells (Table 2), being more active than the extracts tested (P-Et/MS,
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P-Et/MG and P-Et/PR), demonstrating the importance of the compounds presents on P-Et/MS-
DCM, mainly when compared with the extract P-Et/MS.

Regarding the ability of the samples to act against bacteria into biofilm, it was observed
that the ethanolic extracts (P-Et/MS, P-Et/MG and P-Et/PR) did not reduce the total biomass of
pre-formed (mature) biofilms but they reduced the viability of cells into biofilm (Figure 2).
The extracts P-Et/MG and P-Et/MS exhibited higher reduction of biofilm viability when
compared to P-Et/PR, showing similar reductions at concentration 125 pg/mL with the results
observed for vancomycin (control). However, the greatest activity of viability biofilm was
observed for the fraction P-Et/MS-DCM, exhibiting a reduction of 92.9% at concentration of
125 pg/mL, but it did not show influence on the total biomass.

Confocal microscopy obtained by LIVE/DEAD staining (Figure 2f-i) was applied to
confirm the colorimetric assays obtained the treatment of S. aureus pre-biofilm. P-Et/MS-DCM
was evaluated at concentrations 125 and 62.5 pg/mL, the lower active and the higher non-active
concentrations, respectively (Figure 2h-i). The biofilm treated with P-Et/MS-DCM at 125
ug/mL showed the most part of bacterial cell stained with red, which was higher than the
observed for the control vancomycin. The propidium iodide penetrates only in bacteria with
damage membranes and stained them with red color. Thus from the data of colorimetric assays
and turbidimetry, we confirmed that the biofilm treated with the fraction P-Et/MS-DCM the
cells lost their viability, showing a great activity when compared to the control vancomycin
(Figure 2e).

The Russian propolis have been demonstrated antibacterial (against planktonic cells)
and antibiofilm activities for E. coli and S. aureus and their action mechanism was on structural
rather than functional, acting by cell membrane damage and consequently bacterial death by
cell lysis (Bryan, Redden & Traba, 2015). Recently, Doganli (2016) observed a maximum S.

aureus ATCC 33862 biofilm reduction of 60.4% by the Turkey propolis extracts at 20 mg/mL.
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Its chemical composition was composed by flavonoids and phenolic acids, including the
phenylpropenoic acid such as caffeic acid, ferrulic acid, p-coumaric acid and others. However,
prenylated phenylpropenoid acids were not described in these samples by Doganli (2016),
differently to the observed for the BBP in our study.

Although antibiofilm activity are described for Italian and Chilean propolis, the
inhibition rates were inferior than the observed in our studies and probably the action
mechanism could be different, since the Italian propolis showed reduction of the biofilm mass
of 68% (De Marco, Piccioni, Pagiotti & Pietrella, 2017). Other important issue is about the
chemical composition, chemical variations from propolis collected in different periods and
places represented changes of S. mutans antibiofilm from Chilean propolis, but only
phenylpropanoic acids and flavonoids were reported (Veloz, Saavedra, Lillo, Alvear,
Barrientos & Salazar, 2015). The ethanolic extract of Brazilian green propolis showed
promising results against Streptococcus mutans dental biofilm, but the prenylated
phenylpropanoic acids were not characterized in these samples (Cardoso et al., 2016).

Although some studies described the antibiofim activity of propolis, this information is
scarce in the literature, and underexplored for the Brazilian propolis. Thus our study was
important to demonstrate the action of BBP on bacteria into biofilm, and to establish the

importance of the prenylated phenylpropenoid acids for this activity.

3.5. Anti-T. vaginalis activity

The extracts and fractions from BBP were evaluated in our study and the results
demonstrated their potential and innovative use against T. vaginalis. The ethanolic extracts were
more active than hydroethanolic extracts, and the extracts P-Et/MS and P-Et/MG reduced more

than 99% of T. vaginalis viability (Table 2, Figure S6).
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The fractions P-Et/MS-DCM, P-Et/MS-Ac and P-Et/MS-Et, produced from the active
extract P-Et/MS, were also evaluated against T. vaginalis (Table 2, Figure S6). The fractions
P-Et/MS-DCM and P-Et/MS-Ac exhibited 100% of trophozoites viability reduction at 500
ug/mL, differently of results observed for P-Et/MS-Et (trophozoites viability: 83.93 % * 2.20).
The MIC values were calculated for the fractions P-Et/MS-DCM and P-Et/MS-Ac (Figure S7),
showing the MIC value of 400 pug/mL for both fractions. These results suggest that the anti-T.
vaginalis activity is related to the presence of prenylated coumaric acid derivatives in the
fractions P-Et/MS-DCM and P-Et/MS-Ac, such as artepillin C, drupanin, baccharin and others.

The Cuban propolis were evaluated against T. vaginalis (Fidalgo et al., 2011),
demonstrating lower activities than the observed in our study. Thus, we demonstrated one new
potential application for the Brazilian brown propolis. In addition, the activity against Candida
albicans, a fungal that cause a common genital infection in women, has been described for the
ethanolic extract of Brazilian brown propolis from Parana (Brazil); this is the same sample P-
Et/PR evaluated here. After 48h, the extract (at 546.9 pg/mL) showed 40.8% of viable cells and
reduction of 95.3% of biofilm formation for C. albicans (Capoci et al., 2015). Thus, ethanolic
extracts from BBP can also be useful for both important genital infections such as candidiasis
and trichomoniasis. Besides, it is relevant to highlight that these results can stimulate the
development of new strategies necessary due to the resistant T. vaginalis isolates and the scarce

therapeutic available alternatives (Vieira et al., 2017).

3.6. Correlation test between the chemical constituents and biological activities

The unvariate statistical analyses were applied by correlation analysis using Pearson r
correlation and Pattern Hunter. These analyses were performed to identify potential active
compounds from samples by correlation with antibiofilm and anti-T. vaginalis activities, as

well as with the antioxidant capacity values. The correlation coefficients were considered the
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threshold 0.5 to consider a strong correlation, like as used by Bittencourt et al. (2015). This
methodology has been described for research active compounds and the determination of
potential synergistic between the compounds (Bittencourt et al., 2015, Wang et al., 2005), but
its applications is underexplored yet. From the Pattern Hunter (Figure 3), the correlations
statistically significant between the metabolites and the biological activities were obtained.

The chlorogenic acids did not show significant correlations with anti-T. vaginalis and
S. aureus antibiotic activities, and only the flavonoids dihydrokaempferide (30), O-methyl
quercetin (34), pinocembrin (49), O-methyl kaempferol (57) and di-O-methyl quercetin (58)
revealed positive correlations with both the activities.

Thus, more apolar compounds in the chromatogram revealed positive and strong
correlations with the activities and the main bioactive compounds, that correlated with the
evaluated biological activities, were the prenylated phenylpropanoic acids derivatives, such as
prenyl caffeic acid derivative (40), diprenylated hydroxyl caffeic acid (41, 53), drupanin (43),
capillartemisin A (47), hydroxyl diprenyl coumaric acid (51, 62), di-prenylated coumaric acid
(59), prenyl coumarate (67), artepillin C (74) and its isomer (73), baccharin (77) and O-
cinnamoy! di-prenyl-coumaric acid (78, 79).

A heat map was produced from ion intensities of the chromatographic peaks relative to
prenylated phenylpropanoic acids derivatives that showed positive correlation with the
antibiofilm and anti-T. vaginalis activities (Figure 4). The ion intensities were normalized for
each compound to facilitate the determination of the highest intensity in the samples. The more
apolar and polar prenylated phenylpropanoic acids derivatives were distributed mainly in the
fractions P-Et/MS-DCM and P-Et/MS-Ac, respectively. As these fractions showed high and
similar anti-T. vaginalis activities, while the fraction P-Et/MS-Et was not active, it is certainly

related to prenylated phenylpropanoic acids derivatives.
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The fractions P-Et/MS-DCM and P-Et/MS-Ac revealed pronounced antibiotic activity,
but only P-Et/MS-DCM exhibited high antibacterial activity at lower concentration against
planktonic and biofilm cells. They exhibited different bacterial profile, which can be related to
the differences in their chemical compositions. The chromatographic peaks relative to
compounds hydroxyl diprenyl coumaric acid (62), O-cinnamoyl di-prenyl-coumaric acid (79),
artepillin C (74) and its isomer (73) demonstrated higher ion intensities in the fraction P-Et/MS-
DCM when compared to other fractions and extracts, and they correlated positively with the
biological activities.

Artepillin C is a prenylated derivative common in green Brazilian propolis, which is
characteristic of the botanical source B. dracunculifolia used by bees. It demonstrated
correlation with the evaluated activities and showed more than 70% of chromatographic purity
(A=230-350 nm, Figure S3) in the fraction P-Et/MS-DCM. In addition, artepillin C has shown
several biological activities, such as antioxidant, anti-inflammatory, antimicrobial, antitumor
and others (Veiga et al., 2017, Messerli et al., 2009, Paulino et al., 2008). However, Veiga and
collaborators (2017) suggested a synergy between artepillin C and other phenolic compounds
from Brazilian green propolis and B. dracunculifolia extracts to produce the antibacterial
against S. aureus.

The prenylation is structurally important for anti-T. vaginalis and antibiotic activities,
since the coumaric acid (5) did not exhibited positive correlation with the activities, while
drupranin (43), that has one prenyl group attached on coumaric acid, showed positive
correlation, as well as for other prenylated compounds of BBP. Thus, the data suggest a
synergistically effects mainly related to prenylated coumaric acid derivatives. These prenylated
derivatives exhibited antibacterial and antifungal activities, and these biological properties have

been related to increase of number of prenyl groups attached, but a synergism between the
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complex constituents from propolis has been suggested to explain the significant activity and
the mechanism was not determined yet (Marcucci et al., 2001).

The Brazilian green and brown propolis (ethanol extracts and fractions obtained with
hexane and dichloromethane) were analyzed by GC-MS and the chemical compounds were
correlated with antioxidant capacity and antibacterial activity by univariate and multivariate
statistical analysis. However, only triterpene, steroids, sesquiterpenes and hydrocarbons were
identified and they were correlated with the antibacterial activity, demonstrating distinct action
at different bacteria (Bittencourt et al., 2015). Thus, our study is innovative and an evaluation
more holist of the components present in the BBP and their importance for antibiotic and anti-

Trichomanas vaginalis activities and antioxidant capacities could be determined.

4. Conclusions

Different Brazilian brown propolis were analyzed and all the samples showed artepillin
C as one of the main constituent, which indicate the vegetal source Baccharis dracunculifolia.
A total of 86 compounds were identified and the fractions were efficiently produced with an
innovative method by accelerated solvent extraction (ASE). The extracts and fractions revealed
high anti-T. vaginalis and antibiotic activities, mainly the fraction P-Et/MS-DCM. Person’s
correlation (r) analysis shows that artepillin C and other prenylated coumaric acid derivatives
correlated positively with anti-trichomonicidal and antibiotic activities. P-Et/MS-DCM
demonstrated action on S. aureus living inside biofilm. Thus, these finds are valuable,
innovative and could be applied to develop new products and drugs from Brazilian brown

propolis.
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Table 1. Compounds identified from Brazilian brown propolis samples by LC-DAD-MS.

Table 2. Antioxidant capacity (DPPH), trophozoites viability (%) (T. vaginalis), minimal
bactericidal concentration for planktonic cells (MBC-P), minimal bactericidal concentration for
biofilm cells (MBC-B) and minimal biofilm eradication concentration (MBEC) against S.
aureus for the extracts (P-EtH.O/MS, P-Et/MS, P-EtH.O/MG, P-Et/MG, P-EtH,0/PR and P-
Et/PR) and fractions (P-Et/MS-DCM, P-Et/MS-Ac and P-Et/MS-Ac) from Brazilian brown
propolis (BBP).

Figure 1. LC-DAD profile at wavelength 230-350 nm of the extracts from Brazilian brown
propolis (BBP) and the fractions from P-Et/MS (P-Et/MS-DCM, P-Et/MS-Ac and P-Et/MS-Et)
with some chromatographic peaks marked and chemical structures of some compounds
identified from BBP.

Figure 2. The effects of BBP extracts (ethanolic: P-Et/PR, P-Et/MG, P-Et/MS and
hydroethanolic: P-EtH,O/PR, P-EtH.O/MG, P-EtH,O/MS) and fractions (P-Et/MS-DCM, P-
Et/MS-Ac, P-Et/MS-Et) at concentration 500 and 100 ug/mL on bacterial biofilm formation
and growth of S. aureus after 24h (a). Total biomass and viability of pre-formed S. aureus
biofilm treated with ethanolic extracts from Brazilian brown propolis P-Et/MS (b), P-Et/MG
(c), P-Et/PR (cd) and the fraction P-Et/MS-DCM (e). CLSM images demonstrating pre-formed
biofilms: treated with 2% DMSO (negative control) (f), treated with vancomycin (positive
control) (g), treated with 125 pg/mL of fraction P-Et/MS-DCM (h) and treated with 62.5 pg/mL
fraction P-Et/MS-DCM (i). (* p<0.05, Student’s t-test).

Figure 3. Compounds identified in Brazilian brown propolis (red: prenylated phenylpropanoic
acids and blue: flavonoids) that correlated with antibiofilm (A-Biof) and anti-Trichomonas (A-
Trich) activities. (DPPH: antioxidant capacity). Blue and pink bars are metabolites that showed
negative and positive correlations with biological activities, respectively.

Figure 4. lon intensity of chromatographic peaks relative to prenylated phenylpropanoic acid
derivatives from extracts (ethanolic: P-Et/MS, P-Et/MG, P-Et/PR; hydroethanolic: P-
EtH.O/MS, P-EtH.0/MG, P-EtH.0O/PR) and fractions (P-Et/MS-DCM, P-Et/MS-Ac, P-Et/MS-
Et) that correlated with biological activities.
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Table 1. Compounds identified from Brazilian brown propolis samples by LC-DAD-MS.

Negative mode (m/z)

Positive mode

Peak RT Compound Class UV (nm) MF [M-H] MS/MS [M+HT* (m/2)

1 111 Di-O-hexoside Sugar - CuHpOn 341112 - -

2 113  Quinic acid Carboxylic acid - C/Hp0s  191.0576 - -

3 10.45 5-O-E-caffeoylquinic acid” Chlorogenic acid 299, 325 C16H1809 353.0872 191 355.1005

4 11.88 Dihydrocoumaric acid Phenylpropanoic 278 CoH1003 165.056 - -

acid
5 13.41 Coumaric acid” Phenylpropanoic 299, 309 CoHsO3 163.0401 - 165.0555
acid
6 14.85 6,8-di-C-hexosyl apigenin Flavone 270,330  CyH30:5  593.1519 - 595.168!
7 17.30 Unknown - 284 CxH3014  519.1753 339, 309, 279, 267, 521.1865
237, 209
8 20.04 Aromadendrin Flavanonol 290, C15H1206 287.0574 269, 259, 177 289.0716
330sh

9 20.07  3,4-di-O-E-caffeoylquinic Chlorogenic acid 299,325  CpH20:,  515.1206 335, 191, 179, 173, 517.135
acid 161

10 20.65 3,5-di-O-E-caffeoylquinic Chlorogenic acid 299,325  CxH24012 515.1226 191, 179 517.1363
acid

11 21.28 O-hexosyl-caffeoyl Phenylpropanoic 290,322  Cp4Hx012  505.1390 181, 179, 161 507.1487
dihydrocaffeate acid

12 21.54  O-hexosyl-caffeoyl Phenylpropanoic 290,325  CaHx0:12  505.1398 181, 179, 161 507.1485
dihydrocaffeate acid

13 21.87  Propol Prenylated phenyl- 298 C13H1204 231.0674 187, 169, 159, 145 -

propanoic acid
14 2211 O-prenyl caffeate Prenylated phenyl- 298, 322 C14H1604 247.0997 179 -
propanoic acid

15 2222 4,5-di-O-E-caffeoylquinic Chlorogenic acid 299,325  CusH24012 515.12 191, 179, 173, 161 517.1356
acid

16 22.36 O-E-coumaroyl- Chlorogenic acid 299,325  CpH24011  499.1209 191, 173, 163, 161 -

caffeoylquinic acid
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18

19

20

21

22
23
24
25

26
27
28

29

30

31
32
33
34
35

36
37

23.73

23.94

24.68

25.07

25.44

26.77
27.15
27.50
27.91

28.12
28.23
28.42

28.45

28.98

29.17
29.42
29.53
29.99
30.05

30.57
30.99

Caffeic acid derivative Phenylpropanoic

acid
Caffeic acid derivative Phenylpropanoic

acid
O-deoxyhexosyl-O-methyl- Phenylpropanoic
dihydrocoumaroyl-caffeate acid

O-E-coumaroyl-
caffeoylquinic acid
Prenylated coumaric acid

Chlorogenic acid

Prenylated phenyl-
propanoic acid
Unknown -

Unknown -
Unknown -
Naringenin Flavanone

Unknown -
Unknown -
3,4,5-tri-O-E-caffeoylquinic Chlorogenic acid
acid

Caffeic acid derivative Phenylpropanoic

acid
Dihydrokaempferide Flavanonol
Unknown -
Unknown -
kaempferol Flavonol
O-methyl quercetin Flavonol
Diprenylated hydroxyl-caffeic Prenylated phenyl-
acid propanoic acid
O-methyl luteolin Flavone
Betuletol Flavonol

299, 320
299, 320
299, 320
299, 323
299, 313

290
288
290

290,
330sh

299, 325
299, 325

291, 330%"

265, 365
270, 355
320

268, 332
270, 352

CaoH2507
CaoH2s07
Ca25H25010
CasH24011
C14H1404

C20H2606
C20H2606
Ci9H280s
C15H120s

C20H2806
C22H3008
C3sH30015

C20H2606
C16H1406

C20H2606
C20H2606
CisH100s
Ci6H1207
C19H2405

C16H1206
C17H1407

379.1747

379.1751

487.1607

499.1274

245.0828

361.1675

361.1675

335.1874
271.062

363.1830
421.1900
677.1526

361.1684

301.0728

361.1668
361.1689
285.0420
315.0492
331.1566

299.0573
329.0692

243
243
179, 161
191, 179, 173
173, 157

243
243
231
153

289

515, 353, 335, 191,
179, 173, 161
289, 179, 161

283, 268, 255, 212,
176
287, 243

243
255, 217, 151
271, 255, 243, 166
251, 239, 211, 199

284, 255, 227
299, 271, 165

511.1602

501.1413

247.0987

363.1818
363.1808
337.2022

365.1942
445.1837
679.1666

363.1802

303.0869

363.1792
363.1818
287.056
317.0663
333.1692

301.0692
331.0812
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39

40

41

42
43

44
45

46
47

48
49

50

51

52

53

54

55
56

31.37

31.80

31.88

32.08

32.08
32.24

32.79
32.86

32.86
32.97

33.03
33.11

33.15

33.19

33.37

33.51

33.60

33.64
33.65

Prenylated caffeic acid

Prenyl methylpropionyloxy
coumaric acid
Prenyl caffeic acid derivative

Diprenylated hydroxyl caffeic
acid

Unknown

Drupanin

Diterpene
Dihydroconiferyl coumarate

Unknown
Capillartemisin A

Unknown
Pinocembrin

O-methyl naringenin

Hydroxy! diprenyl coumaric
acid
Dihydroconiferyl coumarate

Diprenylated hydroxyl caffeic
acid

Diprenylated hydroxyl
coumaric acid

Unknown

Hydroxyl diprenyl coumaric
acid

Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid
Diterpene
Phenylpropanoic
acid
Prenylated phenyl-
propanoic acid

Flavanone
Flavanone

Prenylated phenyl-
propanoic acid
Phenylpropanoic
acid
Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid

Prenylated phenyl-
propanoic acid

299, 323
299, 316
299, 318
299, 320

280
299, 311

295, 312

315
299, 310

284

285,
330 sh
288,
327sh
310

295, 310
295, 320
313

290
314

C14H1604
Ci18H2204
Ci16H1804
C19H2405

CisH1604
C14H1603

C20H260s
C19H200s

C19H2605
C19H2404

CisH160s
Ci5H1204

C16H1405
C19H2404
C19H2005
C10H2405
C19H2604

C22H3006
C19H2404

247.0981

301.1457

273.1145

331.157

259.0991
231.1032

347.1886
327.1250

333.173
315.1619

275.0927
255.0664

285.0776

315.1617

327.1252

331.1561

317.1758

389.1988
315.1618

203, 187
231
201, 146
316, 205

199, 171
218,176

273, 255, 177
216, 181, 169

315, 253, 230, 201
297, 253, 241, 230

187
213,185,171, 151

243, 227, 196, 164,
151

253, 241, 230, 218,
199
163

316, 205

273, 250, 232, 215,
159
241, 223

297, 253, 241, 230,
218

249.1111

275.1278

333.1697

233.1175

349.2007
329.1365

335.1868
317.1757

257.0824

287.0916

317.1764

319.1901

391.2118
317.1726
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58
59

60
61

62

63

64
65
66

67

68
69

70
71

72
73

74

75
76

33.70

34.04
34.09

34.30
34.50

34.58

34.69

34.82
34.95
35.01

35.13

35.33
35.34

35.38
35.53

36.43
36.84

36.96

38.20
38.37

O-methyl kaempferol

Di-O-methyl quercetin
Di-prenylated coumaric acid

(pyrane)
di-O-methyl luteolin

Dihydro-coumaroyloxy-
methylethyl-benzofuranyl-
propenoic acid

Hydroxy! diprenyl coumaric
acid

Benzyl coumarate

Unknown

Unknown
Dihydroxycinnamoyloxy-
cinnamic acid

Prenylated coumarate

Unknown
Phenethyl coumarate

Unknown
Di-prenyl O-methyl
coumarate
Unknown

Diprenylated coumaric acid
(artepillin C isomer)
Artepillin C*

Unknown
Unknown

Flavonol

Flavonol

Prenylated phenyl-
propanoic acid
Flavone

Prenylated phenyl-
propanoic acid

Prenylated phenyl-
propanoic acid
Phenylpropanoic
acid

Phenylpropanoic
acid
Prenylated phenyl-
propanoic acid

Phenylpropanoic
acid
Prenylated phenyl-
propanoic acid

Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid

265, 365

265, 358
311

265, 340
299, 313

299, 320
300, 315

287
290
299, 313

299, 315

311

299, 320

290, 320
308

299, 313

290
290

C16H1206

C17H1407
C19H204

C17H1406
Ca23H2206

Ci19H2204
C16H1403

C16H1404
C19H204
C18H1604

C19H2404

C22H3006
C17H1603

Ca0H2305
C20H2604

C1gH1303
C19H2403

Ci19H2403

Cz9H4g0s
C24H3305

299.0571

329.0667
313.1458

313.0734
393.1364

315.1610

253.0870

269.0825
313.145
295.0985

315.1612

389.1982
267.1039

347.1891
329.1774

281.1195
299.165

299.1636

643.3267
405.2667

284, 255, 227, 163,
151
271, 225

269, 241, 232, 218,
199, 159
283, 255, 227, 211

247,217, 185, 163

253, 230, 215, 190,
173
163

227,165
269, 173, 156
163

253, 230, 201

299, 255, 187
163

253, 201, 146
299, 255, 187, 159

255, 232, 199, 186

255, 199

301.0724

331.0812
315.1595

315.0868
395.1503

271.0975
315.1586

317.1741

391.2117

331.1904

301.1798

301.1818

429.2619
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77

78

79

80
81

82
83

84

85

86

38.56

38.62

38.80

39.08
39.38

40.42
42.04

42.37

42.56

42.69

Baccharin

O-cinnamoyl di-prenyl-
coumaric acid
O-cinnamoyl di-prenyl-
coumaric acid
Unknown

Unknown
Unknown
Diterpene

Caffeic acid derivative
Unknown

Unknown

Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid
Prenylated phenyl-
propanoic acid

Diterpene
Phenylpropanoic
acid

280
298, 313
276, 314

295, 315
285

299, 320

284,
327sh

290,
375sh

C23H2404
CagH3205
CagH3205

CasH4607
CasHa608
C22H38010
C22H2805

CagHs607
CasH2605

CasH3303

363.1615

447.2195

447.2191

613.3204
629.3146
461.2365
371.1884

613.319

405.1732

385.2732

319, 187
297, 253, 230, 197
297, 253, 230, 197

467, 313, 269, 229

353, 327, 313, 287,
371, 243
333, 299, 281, 255,
211
387, 347, 333, 305,
277
327, 235, 207

365.173

449.2332

471.2152

615.3333
653.3089

637.3133

RT: retention time;

MF: molecular formula; *confirmed by injection of authentic standard; *MS/MS (+): m/z 409, 391, 379, 355, 337, 325, 307
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Table 2. Antioxidant capacity (DPPH), trophozoites viability (%) (T. vaginalis), minimal

bactericidal concentration for planktonic cells (MBC-P), minimal bactericidal concentration for

biofilm cells (MBC-B) and minimal biofilm eradication concentration (MBEC) against S.
aureus for the extracts (P-EtH.O/MS, P-Et/MS, P-EtH.O/MG, P-Et/MG, P-EtH>O/PR and P-
Et/PR) and fractions (P-Et/MS-DCM, P-Et/MS-Ac and P-Et/MS-Ac) from Brazilian brown

propolis (BBP).

Sample DPPH Trophozoites viability = MBC-P  MBC-B MBEC
(1Cso, (%)* (ng/mL)  (pg/mL)  (pg/mL)
pug/mL)" 500 pg/mL™ 100 pg/mL"™
P-EtH.O/PR  1.89+0.16 96.22 + - - -
3.29 -
P-Et/PR 2.53+0.18 51.11 500 > 500 > 500
+4.68 -
P-EtH.O/MG  2.81+£0.22 9.73+1.64 - - - -
P-Et/MG 3.19+£0.27 0.62+0.43 - 250 > 500 > 500
P-EtH.O/MS  1.72+0.14 92.89 - - -
16.71 -
P-Et/MS 3.35+0.24 0.00£0.00 - 250 > 500 > 500
P-Et/MS-DCM  3.80+0.29 0.00 £0.00 103.05 125 125 > 500
+3.00
P-Et/MS-Ac  3.72+0.31 0.00 £0.00 94.74 - - -
1+3.81
P-Et/MS-Et 2.32+£0.19 83.93 95.01 - - -
12.20 14.10
Control (neg) - 100+ 0.0 100£0.0 - - -
Vancomycin - - - 2 >2 >2

Conc.: concentration evaluated; “quercetin of 1Cso 0.80 pg/mL; **vehicle (DMSO): 94.67+3.53,;

**yehicle (DMSO): 101.94 + 1.73; #positive control: metronidazole (trophozoites viability = 0%)
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Figure 1. LC-DAD profile at wavelength 230-350 nm of the extracts from Brazilian brown
propolis (BBP) and the fractions from P-Et/MS (P-Et/MS-DCM, P-Et/MS-Ac and P-Et/MS-Et)
with some chromatographic peaks marked and chemical structures of some compounds

identified from BBP.
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Figure 2. The effects of BBP extracts (ethanolic: P-Et/PR, P-Et/MG, P-Et/MS and
hydroethanolic: P-EtH.O/PR, P-EtH.O/MG, P-EtH.O/MS) and fractions (P-Et/MS-DCM, P-
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Et/MS-Ac, P-Et/MS-Et) at concentration 500 and 100 pg/mL on bacterial biofilm formation
and growth of S. aureus after 24h (a). Total biomass and viability of pre-formed S. aureus
biofilm treated with ethanolic extracts from Brazilian brown propolis P-Et/MS (b), P-Et/MG
(c), P-Et/PR (cd) and the fraction P-Et/MS-DCM (e). CLSM images demonstrating pre-formed
biofilms: treated with 2% DMSO (negative control) (f), treated with vancomycin (positive
control) (), treated with 125 pg/mL of fraction P-Et/MS-DCM (h) and treated with 62.5 ug/mL
fraction P-Et/MS-DCM (i). (* p<0.05, Student’s t-test).
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Figure 3. Compounds identified in Brazilian brown propolis (red: prenylated phenylpropanoic
acids and blue: flavonoids) that correlated with antibiofilm (A-Biof) and anti-Trichomonas (A-
Trich) activities. (DPPH: antioxidant capacity). Blue and pink bars are metabolites that showed

negative and positive correlations with biological activities, respectively.
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Figure 4. lon intensity of chromatographic peaks relative to prenylated phenylpropanoic acid

derivatives from extracts (ethanolic: P-Et/MS, P-Et/MG, P-Et/PR; hydroethanolic: P-

EtH.O/MS, P-EtH.0O/MG, P-EtH>0O/PR) and fractions (P-Et/MS-DCM, P-Et/MS-Ac, P-Et/MS-

Et) that correlated with biological activities.
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Figure S1. Chromatograms at the wavelength 230-350 nm of the hydroethanolic (P-
EtH.O/MS, P-EtH.O/MG, P-EtH.O/PR) and ethanolic extracts (P-Et/MS, P-Et/MG, P-

Et/PR).
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Figure S2. Principal component analysis (PCA) (A) and dendogram resulting from

hierarchal cluster (ward method) (B) of the extracts and fractions from Brazilian brown

propolis.
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Figure S3. LC-DAD profile at wavelength 230-350 nm (at the same scale) of the extracts
from Brazilian brown propolis (BBP) and the fractions (P-Et/MS-DCM, P-Et/MS-Ac and
P-Et/MS-Et) from P-Et/MS at concentrations of 1 mg/mL.
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Figure S4. The effects of BBP extracts (ethanolic: P-Et/PR, P-Et/MG, P-Et/MS and
hydroethanolic: P-EtH.O/PR, P-EtH.0/MG, P-EtH,O/MS) at concentration 500 pug/mL
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on bacterial biofilm formation and growth in Pseudomonas aeruginosa. (* p<0.05,

Student’s t-test).
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Figure S5. The effects of BBP extracts (ethanolic: P-Et/PR, P-Et/MG, P-Et/MS and

hydroethanolic: P-EtH.O/PR, P-EtH.O/MG, P-EtH.O/MS) and fractions (P-Et/MS-
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DCM, P-Et/MS-Ac, P-Et/MS-Et) at concentration 500 and 100 pg/mL on bacterial
biofilm formation and growth of S. aureus after 1.5, 3 and 6h. (* p<0.05, Student’s t-test).
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Figure S6. Activity against Trichomonas vaginalis of the hydroethanolic (P-EtH2O/MS,
P-EtH.0O/MG and P-EtH.O/PR) and ethanolic (P-Et/MS, P-Et/MG and P-EtPR) extracts
at 500 pg/mL (A) and fractions P-Et/MS-DCM, P-Et/MS-Ac and P-Et/MS-Et at 500 and
100 pg/mL (B) from Brazilian brown propolis. (Control: non treated trophozoites;
Vehicle: 0.6% DMSO). Metronidazole (100 uM) was used as positive control
representing 0% of trophozoites viability). Mean + SD of three different experiments

(parasite suspensions) was performed in triplicate (bars).
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Figure S7. MIC determination of the fractions P-Et/MS-DCM and P-Et/MS-Ac against
Trichomonas vaginalis. (Control: trophozoites non treated; Vehicle: added 0.6% of

DMSO. Metronidazole (100 uM) was used as positive control representing 0% of
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trophozoites viability). Mean + SD of three different experiments (parasite suspensions)

was performed in triplicate (bars).
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