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1. Propolis: consideragdes gerais

As abelhas utilizam a propolis para a construcdo e manutencéo de suas colméias,
sendo empregada para selar aberturas na colméia, visando controlar variacbes de
temperatura principalmente no inverno. A propolis também € utilizada para embalsamar
insetos invasores que morrem no interior da colméia, evitando sua decomposicéo, além de
contribuir para manter o ambiente interno asséptico, protegendo-o contra bactérias e virus
(Salatino et al., 2005).

A matéria-prima da prépolis é composta por 50% de resina, 30% de cera de abelha,
10% de 6leos aromaticos e essenciais, 5% de polen e 5% de outras substancias variadas,
além de impurezas (Burdock, 1998). A coloracdo da prdpolis pode variar entre amarelo
claro e vermelho escuro, passando pelo verde e marrom, dependendo da sua origem
boténica e época do ano. Neste sentido, a cor verde caracteristica de algumas amostras de
propolis brasileira € uma consequéncia de sua origem boténica, pois as abelhas coletam
matéria-prima de tecidos jovens contendo clorofila, como brotos vegetativos de Baccharis
dracunculifolia. As folhas jovens contém pélos secretérios, com Oleos volateis e
aromaticos, conferindo o aroma tipico da prdpolis (Salatino et al., 2005).

A temperatura de 15° C a propolis é uma substancia dura, tornando-se maleavel a
partir de 30° C. Os constituintes da propolis, como materiais cerosos, balsamos, 6leos
essenciais e derivados fendlicos, podem ser extraidos em solventes como etanol, éter,
acetona, tolueno e tricloroetileno (Cunha et al., 2004). Quimicamente, sua composicao é
considerada extremamente complexa, variando conforme a localizagdo geogréfica e a
ecologia vegetal da regido. A literatura revela ainda que foram identificados mais de 300
componentes presentes na propolis; destes, os flavondides sdo, em geral, considerados 0s
principais compostos responséveis pelas atividades antimicrobianas e demais propriedades

farmacoldgicas da propolis européia, tendo como origem boténica principalmente as plantas



Revisdo da Literatura 3

do género Populus, enquanto que os principais componentes biologicamente ativos da
propolis brasileira sdo os &cidos diterpénicos e acidos p-cumaricos prenilados. Encontram-
se também, chalconas, &cido benzoico, benzoaldeido, alcoois, acetona, compostos fendlicos,
acido cinamico e derivados, acido cafeico e derivados, di- e triterpenos (De Castro, 2001).

Nas zonas temperadas do hemisfério norte, as abelhas produzem a propolis somente
no verdo, incluindo o final da primavera e 0 comec¢o do outono. No Brasil, a coleta da
propolis procede o ano todo e variagdes sazonais sdo possiveis. Neste sentido, nosso grupo
de pesquisa coletou amostras de prépolis ao longo do ano para posterior anélise de sua
constituicdo, bem como para avaliar seus efeitos em diferentes ensaios bioldgicos. Nossos
resultados evidenciaram que variagBes sazonais na composicdo da propolis ndo séo
significativas, havendo compostos biologicamente ativos em todas as estagdes sazonais.
Este fato indica que as abelhas coletam a prépolis do mesmo grupo de plantas, na mesma
regido geogréfica (Boudourova-Krasteva et al., 1997).

A propolis possui inimeras propriedades bioldgicas e farmacoldgicas, tendo sido
utilizada desde a antiguidade. Os sacerdotes do antigo Egito utilizavam-na para embalsamar
0s mortos. Posteriormente, os gregos beneficiaram-se de suas propriedades anti-séptica e
cicatrizante. Paises do leste europeu utilizavam este produto apicola no tratamento de
doencas infecciosas. No Brasil, seu uso é amplamente difundido, sendo empregada na
medicacdo popular para o tratamento da tuberculose, disturbios gastricos, reducéo da febre,
doencas inflamatdrias, como agente anestésico, anticancerigeno, bem como por sua

propriedade antimicrobiana (Salatino et al., 2005).

1.1. Interacéo entre Apis mellifera e Baccharis dracunculifolia na elaboragéo da prépolis

A prdpolis pode ser produzida a partir de uma variedade de plantas. O género

Baccharis pertence & familia Asteraceae e possui cerca de 500 espécies distribuidas
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principalmente no Brasil, Argentina, Paraguai e Uruguai. No Brasil, estdo descritas cerca de
120 espécies de Baccharis (Verdi et al., 2005). Devido a enorme importancia medicinal,
comercial e bioldgica, inimeras espécies de Baccharis tém atraido a atencdo de muitos
pesquisadores das mais diversas areas (Teixeira et al., 2005).

Baccharis dracunculifolia DC (Asteraceae), conhecida popularmente como “alecrim
do campo” e “vassourinha”, é um arbusto lenhoso, podendo atingir até 4 metros de altura,
nativo do Brasil, onde ocorre nas regides sul, sudeste e centro-oeste, principalmente nas
areas de cerrado, pastagens abandonadas e &reas em processo de sucessdo (Park et al.,
2004). Esta planta é uma espécie perene, didica, reproduzida por sementes, possuindo
galhos bastante ramificados. Suas folhas apresentam tricomas tectores e glandulares
(Hellwing, 1992), os quais além de atuarem como barreira ao ataque de predadores que
tentam alimentar-se dos tecidos vegetais (Spring, 2000), auxiliam na interacdo desta espécie
com as abelhas para a coleta do material resinoso (Teixeira et al., 2005). De acordo com
Bankova et al. (1999) e Bastos (2001), Baccharis dracunculifolia é a principal fonte
boténica da prépolis produzida nos estados de Minas Gerais e Sdo Paulo.

Para elaboracéo da prépolis, as abelhas Apis mellifera fragmentam apices vegetativos
de B. dracunculifolia, tais como brotos, primérdios foliares e folhas jovens (Park et al.,
2004; Teixeira et al., 2005). Utilizando o primeiro par de patas, movem o material para as
patas medianas e, entdo, a colocam na corbicula. Muito raramente, 0 material é transferido
diretamente do primeiro par de patas para a corbicula. O tempo gasto para a coleta da resina
e seu depdsito na corbicula é, em média, 7 minutos (Teixeira et al., 2005). As abelhas
visitam os éapices foliares, por alguns segundos, com o auxilio de suas antenas, e entéo,
movem para outras plantas, pois suas antenas possuem alta capacidade olfatéria (Loayza et
al., 1995). Apds a coleta, este material é transportado até a colméia, onde as abelhas

modificam sua composicdo, adicionando cera e secregdes glandulares (Burdock, 1998).
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Os 0leos volateis ou essenciais, produtos do metabolismo secundario, sdo definidos
como misturas complexas de mono-, sesqui- e diterpenos, 0s quais possuem grande valor
devido as suas aplicacbes em medicamentos, cosméticos, alimentos e agro- quimicos (Pinto
et al., 2002). O rendimento do 6leo e a concentracdo de cada constituinte podem variar
durante as fases de crescimento do vegetal, bem como por influéncia de fatores ambientais
tais como: pluviosidade, radiagdo solar, temperatura, exposigdo solar, entre outros
(Palomino et al., 2002; Agostini et al., 2005). No 6leo volatil extraido das folhas de B.
dracunculifolia, os componentes majoritarios encontrados S-selineno (10%), S-cariofileno
(10%), germacreno-D (10%), espatulenol (10%) e nerolidol (20%) (Ferracini, 1995).
Assim, considera-se de grande importancia a avaliagcdo das atividades bioldgicas desses
compostos, visando aproveitar o grande potencial desta planta para o desenvolvimento de

novos farmacos.

1.2. Propriedades bioldgicas da propolis e de extratos obtidos de Baccharis

dracunculifolia

Muitos artigos cientificos ilustram a diversidade de atividades bioldgicas da
propolis, e nosso grupo tem investigado principalmente suas aces imunomoduladora,
antitumoral e antimicrobiana (Sforcin, 2007).

Com relagéo ao sistema imunoldgico, trabalhos experimentais de nosso laboratorio
indicaram aumento na atividade natural killer em ratos tratados com prépolis (Sforcin et al.,
2002). Este produto apicola também aumentou a geracdo de espécies reativas do oxigénio
(H202) e inibiu a produgdo de Oxido nitrico (NO) por macrofagos peritoneais de
camundongos (Orsi et al., 2000). Camundongos estressados e tratados com propolis
apresentaram potencializagdo na geragdo de H,O, e inibicdo da producdo de NO por

macrdfagos peritoneais (Missima & Sforcin, 2008). O aumento da producéo de H,O, por
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macrdfagos peritoneais também foi evidenciado quando estes foram submetidos ao
tratamento com extratos de Baccharis e alguns de seus compostos isolados como ¢xido de
Baccharis e friedelanol, sugerindo a agéo ativadora de extratos e compostos isolados desta
planta sobre macréfagos (Missima et al., 2007).

Ivanovska et al. (1995) verificaram que a concentragdo de interleucina (IL)-1B no
soro de animais tratados com &cido cindmico (constituinte da prdpolis) apresentou-se
elevada, possivelmente devido & ativagdo dos macrdfagos por este composto.

Dados de nosso laboratorio revelaram que a propolis também aumentou a atividade
fungicida de macrofagos contra Paracoccidioides brasiliensis (Murad et al., 2002) e a
atividade bactericida contra Samonella Typhimurium, envolvendo a participagcdo de
metabolitos do oxigénio e do nitrogénio (Orsi et al., 2005). Ratos tratados com prépolis
apresentaram maior produgdo de anticorpos, ndo havendo efeito de compostos isolados ou
de B. dracunculifolia neste ensaio (Sforcin et al., 2005). Camundongos inoculados com
vacina inativada de herpes tipo 1 Suid (SuHV-1) associada a prépolis apresentaram
aumento dos niveis de anticorpos (Fischer et al., 2007a). O uso do extrato etandlico da
propolis, associado a uma emulséo oleosa e & vacina inativada de herpes virus bovino tipo 5
(BoHV-5), aumentou a resposta imune humoral a este virus (Fischer et al., 2007b), e tais
resultados sugerem o uso da prépolis em vacinas como adjuvante.

No tocante & acdo antitumoral da propolis, nossos estudos confirmaram a atividade
antitumoral da prépolis, in vitro, sobre células de tumor venéreo transmissivel canino
(TVT) (Bassani-Silva et al., no prelo) e células de carcinoma de laringe humano (HEp-2) de
maneira tempo-dose-dependente (Bufalo et al., no prelo). A administracdo do extrato
hidroalcodlico da prépolis a ratos, apds o tratamento com o carcinégeno di-metil-hidrazina
(DMH), reduziu o namero de criptas aberrantes no célon, refletindo supresséo da expanséo

clonal das células iniciadas, o que caracteriza o passo da promogao da carcinogénese (Bazo
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et al., 2002). Alves De Lima et al. (2005) realizaram investigacGes com o extrato aquoso da
propolis neste mesmo modelo de carcinogénese, verificando o efeito protetor da propolis na
genotoxicidade induzida pelo DMH.

Nosso grupo também avaliou a acéo antimicrobiana da propolis, destacando-se sua
eficiente agdo inibidora, in vitro, sobre varias linhagens de bactérias Gram positivas, como
Staphylococcus aureus, e limitada acéo contra bactérias Gram negativas, como Escherichia
coli e Pseudomonas areuginosa (Sforcin et al., 2000). De acordo com Ferronato et al.
(2007), os Oleos essenciais obtidos de Baccharis dracunculifolia também apresentaram
efeito bactericida sobre estas mesmas bactérias.

Nossos estudos confirmaram a atividade antiprotozoéria da propolis sobre Giardia
duodenalis (Freitas et al., 2006) e atividade antifingica sobre Candida albicans e Candida
tropicalis (Sforcin et al., 2001). O potencial biolgico da propolis parece ser devido a um

sinergismo que ocorre entre 0s muitos constituintes presentes em sua composi¢éo quimica.

2. O virus

2.1. Poliovirus tipo 1

O poliovirus (PV), agente etiolégico da poliomielite, foi identificado pela primeira
vez em 1909, quando Karl Landsteiner e Erwin Popper inocularam o virus de um paciente
com doenga paralitica em macacos (Blondel et al., 1998; De Jesus, 2007). Desde entdo, o
PV tem sido classificado como um membro da familia Picornaviridae, a qual inclui muitos
importantes virus humanos e animais (Calvez et al., 1993; Blondel et al., 1998; De Jesus,
2007). O PV pertence ao género Enterovirus e é classificado em trés sorotipos (PV-1, PV-2
e PV-3) (Minor, 1996; De Jesus, 2007).

O poliovirion possui morfologia esférica e diametro variavel entre 27 a 30 nm. E

constituido de RNA de fita simples, polaridade positiva e envolto por capsideo protéico de
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simetria icosaédrica ndo envelopado. O capsideo consiste de 60 copias de cada uma das
quatro proteinas estruturais virais (VP1 — VP4), sendo que VP1 — VP3 sdo proteinas
superficiais e responsaveis pela diversidade antigénica entre os poliovirus (Blondel et al.,
1998; Simonet & Gantzer, 2006; Brandenburg et al., 2007), ao passo que VP4 localiza-se
no interior do capsideo, associado ao acido nucléico (Blondel et al., 1998).

O genoma do PV é constituido de um Unico filamento linear de RNA com 7500
nucleotidios, o qual € poliadenilado na regido terminal 3’ e covalentemente ligado a uma
pequena proteina viral VPg na regido terminal 5°. O genoma do PV é dividido em trés
regides: uma longa estrutura de leitura (ORF — open reading frame) flanqueada por duas
regibes ndo codificadas (NCR) de 742 nucleotidios na terminacdo 5’ e 72 na 3’, envolvidas
no processo de replicagcdo do genoma viral (Blondel et al., 1998; Mueller et al., 2005;

Simonet & Gantzer, 2006; De Jesus, 2007) (Figura 1).

Fl P2 F3
P38 VPg)
VP4 Faall Pact | PaD |
5" non-coding 3" non-coding
regqion Proteass  Polymerasa recpon
| | w2 | w3 | WP |FP2A |P2E|  P2EC | P3G | P3D
VPg Q= s ARARA
|’ d
I I I I I I I
1,000 2,000 3,000 4,000 2,000 B,000 7,000
Capsid proteins MNon-structural proteins

Figura 1. Organizagdo do genoma do poliovirus (Minor, 2004).

O ciclo replicativo do PV ocorre inteiramente no citoplasma da célula hospedeira. A
infeccdo é iniciada através da ligacdo do virion ao receptor de superficie celular do PV
humano (hPVR) ou CD155, o qual é membro da superfamilia das imunoglobulinas
(Blondel et al., 1998; Mueller et al., 2005; Brandenburg et al., 2007; De Jesus, 2007). Além
de ser responsavel pela interacdo do virus a superficie da célula, o hPVR induz

desestabilizacdo do virion, levando a mudancas conformacionais no capsideo viral para que
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ocorra a liberagdo do RNA viral no citoplasma da célula infectada (BLONDEL et al., 1998;
BRANDENBURG et al., 2007). Uma vez que o RNA viral encontra-se no citoplasma da
célula, a proteina VPg é liberada da regido terminal 5’ do genoma viral e a tradugdo é
processada pelos ribossomos da célula hospedeira. O RNA viral pode funcionar como
mRNA (Mueller et al., 2005; De Jesus, 2007). O RNA viral é traduzido em uma proteina
autocatalitica, a qual € clivada por proteases virais em proteinas menores. A regido P1
codifica as proteinas do capsideo — VPO (precursor de VP4 e VP2), VP3 e VP1; enquanto
que as regides P2 e P3 codificam proteinas ndo estruturais como as proteases virais, a
proteina VPg e a polimerase viral (Blondel et al., 1998; Mueller et al., 2005; De Jesus,
2007).

Na montagem final, o VPO é clivado em VP2 e VP4, tranformando o provirion em
particula viral madura (Blondel et al., 1998; Mueller et al., 2005; De Jesus, 2007). Uma vez
estruturados, os virions acumulam-se no citoplasma das células infectadas, sendo liberados
através da lise da célula infectada (Calvez et al., 1993; Blondel et al., 1998; De Jesus,

2007).

2.2. Patogénese do PV

O PV tem o homem como hospedeiro natural, afetando principalmente criangas
menores de 5 anos de idade (Minor, 1996). Multiplica-se nas mucosas laringea, linfoide e
intestinal, e sua progénie é eliminada pelas fezes - veiculo de transmissdo pela via fecal-
oral, através da contaminagdo da agua e de alimentos. O tempo de incubacéo do virus é de 7
a 14 dias, podendo variar entre 2 a 35 dias (Blondel et al., 1998; Mueller et al., 2005). Apds
a replicacdo inicial, o virus é encontrado no sangue, podendo disseminar para sitios

distantes, incluindo o sistema nervoso central (SNC) (Minor, 1996). A patogenia cléssica do
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PV é a poliomielite, doenca infecciosa aguda resultante do acometimento do SNC,
caracterizada pelo quadro cléssico de paralisia flacida (Blondel et al., 1998).

Em 1988, paises membros da Organizacdo Mundial da Satide (OMS) adotaram uma
campanha global para erradicar o PV até o ano de 2000. Desde entdo, progressos
consideraveis tém sido obtidos na luta contra a doenca (De Jesus, 2007) e, programas
epidemioldgicos e campanhas de vacinacdo tém sido cada vez mais reforcados, utilizando a
vacina constituida de virus atenuado (Sabin), pela maior facilidade de administragdo, baixo
custo da aplicagéo e inducdo do aparecimento de imunidade duradoura (Gongalvez et al.,
2002). A vacinagdo proporcionou resultados eficazes, reduzindo a incidéncia da
poliomielite de 350.000 casos em 1998 para 1.874 em 2006 (De Jesus, 2007). Atualmente, a
doenca é endémica em paises dos continentes africano e asiatico, sendo notificados 229
casos na Nigéria, 392 na india, 17 no Paquistio e 12 no Afeganistio (De Palma et al.,
2008).

Ao considerarmos mais especificamente as propriedades antivirais da prépolis, o0s
estudos tém-se concentrado, principalmente, sobre o virus da herpes (HSV), virus
influenza, virus da imunodeficiéncia humana (HIV), adenovirus tipo-2 e virus da estomatite
vesicular (VSV) (Ito et al., 2001; Gekker et al., 2005; Moreno et al., 2005). Para o
tratamento da herpes genital, a propolis mostrou-se eficaz na cicatrizacdo das lesbes
genitais e na reducdo de sintomas. Burdock (1998) também verificou o efeito do extrato da
propolis, in vitro, em varios virus de DNA e RNA, incluindo o virus da herpes dos tipos 1 e
2, revelando acéo inibidora da propolis sobre a replicagdo destes virus. Cushnie & Lamb
(2005) relataram que constituintes da propolis, em especial os flavonoides, tém acéo
inibitoria sobre o virus da herpes e, o extrato alcoolico da propolis apresentou efeito sobre a
expressao viral do HIV, in vitro. Quanto ao virus influenza, os resultados revelaram que sua

replicacéo é inibida em presenca da prdpolis (Burdock, 1998; Gekker et al., 2005).
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Estudos com o género Baccharis trinervis revelam potente atividade antiviral contra
0 HSV, havendo inibi¢do de 100% da sua atividade viral, e moderada atividade sobre o HIV
e VSV (Palomino et al., 2002).

A escassez de dados na literatura a respeito da utilizagéo da propolis e de extratos de
Baccharis dracunculifolia em processos antivirais, de modo geral e mais especificamente
com o poliovirus tipo 1, motivaram-nos a pesquisar sua acdo frente a esse virus de
importancia patolégica. Uma forma de obter tais respostas seria averiguar a agdo do extrato
etandlico de propolis e de B. dracunculifolia sobre a replicagéo deste virus.

Esta dissertagdo encontra-se apresentada sob a forma de dois manuscritos a serem
submetidos a publicagdo. Anteriormente aos ensaios antivirais, avaliamos a citotoxicidade
das varidveis sobre a célula utilizada, resultando no manuscrito | (“In vitro cytotoxic
activity of Baccharis dracunculifolia and propolis against HEp-2 cells”). Em seguida,
avaliamos o potencial antiviral das variaveis, apresentado no manuscrito Il (“Antiviral
activity of Baccharis dracunculifolia and propolis and poliovirus quantification by real-

time PCR”).
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Abstract

Baccharis dracunculifolia is the most important vegetal source of propolis in
southeast Brazil, and researchers have been investigating its biological properties. Propolis
is a complex resinous hive product collected by bees from several plants, showing a very
complex chemical composition. It has been employed since ancient times, due to its
therapeutic  properties, such as antimicrobial, antiinflammatory, antioxidant,
immunomodulatory and antitumoral activities, among others. The goal of this work was to
compare the cytotoxic action of B. dracunculifolia, propolis and 2 isolated compounds
(caffeic and cinnamic acids) on HEp-2 cells in vitro. These cells were incubated with
different concentrations of each variable, and cell viability was assessed by crystal violet
method. Lower concentrations of B. dracunculifolia (extract and essential oil), propolis as
well as caffeic and cinnamic acids, showed no cytotoxic activity against HEp-2 cells. On
the other hand, elevated concentrations (50 and 100 png/100uL) exerted a cytotoxic action,
and propolis showed a more efficient action than its vegetal source and isolated compounds.
Further investigation is still needed in order to explore the potential of these variables as

antitumor agents and to understand their mechanisms of action.

Keywords: propolis; Baccharis dracunculifolia; HEp-2 cells; antitumor action

1. Introduction

Baccharis dracunculifolia D. C. (Asteraceae), a native plant from Brazil commonly
known as “alecrim-do-campo” and *“vassoura”, has been indicated as the most important
botanical source of a Brazilian propolis, called green propolis because of its color (Bankova

et al., 1999; Sousa et al., 2007a). It was observed that many phenolic compounds present in
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B. dracunculifolia are also found in green propolis (Park et al., 2004; Sousa, et al., 2007b).

An extensive variety of chemical compounds isolated from green propolis and B.
dracunculifolia samples have displayed plenty of biology activities. Da Silva Filho et al.
(2004) have showed the presence of flavonoids (isosakuranetin, aromadendrin-4’-methyl
ether) and cinnamic acid derivatives (caffeic acid, p-coumaric acid, ferulic acid) with
trypanocidal activity, and Missima et al. (2007) identified diterpenes and triterpenes with
immunomodulatory activity. Resende et al. (2007) have reported the antimutagenic activity
of the hydroalcoholic extract of the leaves of this plant. Akao et al. (2003) have verified that
prenylated p-coumaric acid derivatives (artepellin C, drupanin and baccharin), which are
presented in both green propolis and this plant, exhibited antitumoral properties. In
addition, Klopell et al. (2007) have found that (E)-nerolidol, the major constituent of the
volatile fraction from B. dracunculifolia leaves, exhibited anti-ulcer activity.

Propolis is a natural resinous substance used to seal holes in the hive, smooth out the
internal walls and to protect the entrance against intruders (Bankova, 2005). This product
has attracted researcher’s interest in the last decades because of its several biological and
pharmacological properties, such as immunomodulatory, antitumoral, antimicrobial,
antiinflammatory, antioxidant, among others (Salatino et al., 2005). Our group has been
investigating mainly its immunomodulatory, antimicrobial and antitumoral activities
(Sforcin, 2007). Previous works of on laboratory confirmed the cytotoxic action of propolis
on canine transmissible venereal tumor cells in a concentration- and time- dependent
manner in vitro (Bassani-Silva et al., in press).

Human laryngeal epidermoid carcinoma (HEp-2) cell line is derived from laryngeal
carcinoma cells of human nasopharyngeal mucosa. Slow-growing tumors, these cells
develop in animals hosts as wells as in tissue culture (Lima et al., 2005). Propolis effects on

HEp-2 cells were previously investigated (Bufalo et al., in press); however, the effects of B.
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dracunculifolia on these cells have not been investigated yet. In the present work, we
compared propolis effects with B. dracunculifolia (extracts and essential oil), in order to
verify its possible cytotoxic action of on HEp-2 cells in vitro. The effects of caffeic and
cinnamic acids were also evaluated, and cell viability was assessed after incubation with

different concentrations of each variable.

2. Materials and Methods

2.1. Plant material, oil and extract isolation and major compounds

B. dracunculifolia leaves were collected in ten different regions of Brazil (S&o
Paulo, Minas Gerais and Parand State) in their natural habitat, between May 2004 and April
2005. Plants were identified by Dr. Nelson Ivo Matzenbacher (Department of Bioscience -
PUC/RS - Brazil), and voucher specimens (n° 1298) were deposited in the Herbarium of the
Chemical, Biological and Agricultural Pluridisciplinary Research Center (CPQBA),
University of Campinas, S&o Paulo, Brazil.

Extracts of B. dracunculifolia were obtained from dried and powdered leaves
samples (500 mg), dissolved in 20 mL of 90% ethanol in 125 mL erlenmeyer flasks, which
were stirred at 40 °C and 170 rpm on a shaker (Innova 4300). After two hours, flasks were
cooled down to room temperature and filtered using analytical filter papers. Aliquots (5.0
mL) of the hydroalcoholic extracts were transferred to an appropriate vial and dried under
air circulation (40 °C). The yielding of crude extracts from B. dracunculifolia (90 mg) was
of 18%.

The essential oil of the dried leaves (500 g) was extracted by hydro-distillation using
a Clevenger type apparatus. After extraction, the volume of essential oil obtained was
measured and the essential oil was stored in hermetically sealed glass containers with

rubber lids, covered with aluminum foil to protect the contents from light and kept under
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refrigeration at 8 °C. The oil yield was 0.6% based on the dry weight of the plant. Caffeic

and cinnamic acids were purchased from Acros Organics (Morris Plains, NJ, USA).
Extracts, caffeic and cinnamic acids were diluted in 100uL of 70% ethanol.

Essential oil (1 mL) was diluted in culture medium containing 0.2% dimethylsulfoxide

(DMSO - Sigma-Aldrich, USA).

Specific dilutions of each variable (Baccharis extract and essential oil, propolis,
caffeic and cinnamic acids) were prepared for each assay in order to achieve: 5, 10, 25, 50
and 100 pg/100uL. The same procedure was carried out with 0.2% DMSO (essential oil

solvent) and 70% ethanol (extract and isolated compounds solvent).

2.2. Propolis sample

Propolis was collected in the Beekeeping Section, UNESP, Campus of Botucatu,
Brazil. Propolis was ground and 30% ethanolic extracts of propolis were prepared (30 g of
propolis, completing the volume to 100 mL with 70% ethanol), in the absence of bright
light, at room temperature, with moderate shaking. After a week, extracts were filtered and
the dry weight of the extracts was calculated (120 mg/mL). Propolis chemical composition
was investigated using thin-layer chromatography (TLC), gas-chromatography (GC), and

gas chromatography-mass spectrometry (GC-MS) analysis (Bankova et al., 1998).

Propolis was diluted in minimum essential medium (MEM - GIBCO, USA)
supplemented with 0.1 g/L of L-glutamine, 2.2 g/L sodium bicarbonate, 10 mL/L non-
essential amino acids and 10% fetal calf serum (LGC, Biotecnologia LTDA., Brazil), and
afterwards specific dilutions were prepared for each assay in order to achieve different

propolis concentrations: 5, 10, 25, 50 and 100 pg/well. The same procedure was carried out
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with 70% ethanol (propolis solvent), in order to obtain 0.03, 0.06, 0.15, 0.29 and 0.59%

ethanol, which are the respective concentrations of alcohol in propolis concentrations.

2.3. HEp-2 cells

HEp-2 cells were grown in MEM supplemented with 10% fetal calf serum. Cells
were cultured in 25 cm? flasks and further washed with 10 mL of MEM. Afterwards, 2 mL
of trypsin (0.2% trypsin in 5% EDTA) were added to each flask until cells detachment.
Cells were counted using a hemocytometer and cultured in a 96 well U-bottom plate

Corning, USA) at a final concentration of 2 x 10° cells/well.
( g

2.4. Cytotoxicity assay

HEp-2 cells cultures were incubated at 37 °C and 5% CO, for 48h in the presence of
different concentrations of B. dracunculifolia (extracts and essential oil), propolis, caffeic
and cinnamic acids (5, 10, 25, 50 and 100 pg/100uL) and with their solvents (70% ethanol
and 0.2% DMSO). Control cells were incubated with medium alone. After incubation, the
medium was removed and cell viability was evaluated by crystal violet method (Ait-Mbarek
et al., 2007), adding 100 uL 0.5% crystal violet solution. After 10 minutes of incubation at
room temperature, plates were washed and viable crystal violet-stained cells were lysed
with 1% sodium dodecyl sulfate (SDS). Optical densities (O.D.) were read at 492 nm and
the percentage of cell viability was calculated, using the formula: [O.D. test / O.D. control]

x 100. Assays were carried out in triplicate.

2.5. Statistical analysis
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Significant differences between treatments were assessed by Friedman non-
parametric test and Kruskal-Wallis test, with the level of significance at p < 0.05 (Zar,

1999).

3. Results and Discussion

Phenolic compounds are secondary metabolites, which occur in abundance in all
plant material, belonging to a large and heterogeneous group of biologically active non-
nutrients. Their synthesis depends on several enzymes involved in different metabolic
pathways and their metabolism is completely integrated into morphological and
biochemical regulatory patterns of plants. Stress caused by pathogens, adverse
environmental conditions or wounding affects the biosynthesis of phenolic compounds, and
one of the well-known and important function of phenols is their action on plant defense
mechanisms (Solar et al., 2006).

Detailed analysis carried out by Sousa et al. (in press) reported the chemical
composition of essential oil and crude extract from B. dracunculifolia used in present work.
Ten samples of extracts and essential oil of B. dracunculifolia were used in the beginning of
this project, and their biological behavior was similar. Thus, one extract and one essential
oil were chosen, and their chemical composition is showed in Figures 1 and 2, respectively.
Analysis of essential oil of this plant identified 14 compounds, accounting for 70% of the
volatile constituents. The main groups of constituents in all samples were composed by
oxygenated sesquiterpenes (49.61%), followed by sesquiterpene hydrocarbons (11.83%),
minoritary oxygenated sesquiterpenes (7.59%) and monoterpenes hydrocarbons (0.97%).
The major oxygenated sesquiterpenes were (E)-nerolidol (32%) and spathulenol (17%).
With respect to phenolic compounds, caffeic, p-coumaric, ferulic, cinnamic, and 2,2-

dimethyl-6-carboxyethenyl-2H-1-benzopyran (DCBEN) acids, along with isosakuranetin,
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aromadendrin-4'-methyl ether — AME, baccharin, drupanin and artepillin C were the major
phenolic compounds in hydroalcoholic extracts of both B. dracunculifolia and green
propolis (Sousa et al., 2007b), which can guarantee the authenticity of plant material,
propolis resin and their products. These studies corroborate the use of this plant for the

production of green propolis by honeybees.
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Figure 1. HPLC profile of B. dracunculifolia extract: caffeic acid (1); ferulic acid (2);
aromedendrin-4’-methyl ether (3) and artepellin C (4), internal standard (is) (veratraldehyde).
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Figure 2. Chromatographic profile of B. dracunculifolia essential oil: a-pinene (1), B-pinene (2),
limonene (3), trans-caryophyllene, (4), aromadendrene (5), a-humulene (6), germacrene D (7),
bicyclogermacrene (8), 5-cadinene (9), nerolidol (10), spathulenol (11), viridiflorol (12), guaiol
(13), a-muurolol (14) and internal standard (is) (piperonal).

In order to investigate the biological properties of B. dracunculifolia, this work
aimed to analyze its cytotoxic action against tumor (HEp-2) cells. Propolis and some
isolated compounds (caffeic and cinnamic acids) were also investigated in these assays.
Table 1 and Figure 3 show the percentage of cell viability after incubation with each

variable in different concentrations.
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Table 1. Median, 1 and 3" quartiles between brackets of cell viability percentage of each variable
according to concentration.

Variable 5 g 10 pg 25 ng 50 pg 100 pg p*
Propolis 64.6 aB 66.2 aB 28.0 abB 21.0abC 20.1bA 0.02
[62.6-88.3] [64.78-72.8] [19.5-32.2] [8,70-24,5] [8.4-21.8]
Extract 94.8 aB 89.1aAB 86.1aA 76.5 abB 13.0 bA 0.02
[92.9-96.9] [87.5-98.3] [84.2-93.9] [74.6-84.2] [11.73-57.79]
Essential 102.2 aA 101.3 aA 96.7 aA 85.7 abB 16.9 bA 0.02
oil [99.9-115.2] [100.3-101.3] [92.4-98.2] [77.1-88.6] [16.53-18.8]
Cafeic 75.6 aB 68.9 abB 65.2 abAB 60.0 abB 19.4 bA 0.03
acid [73.95-76.43] [67.48-69.7] [62.2-62.6] [59.55-66.08] [17.6-19.85]
Cinnamic 65.3aB 71.6aB 63.1aAB 55.4 abB 49.4 bA 0.03
acid [63.80-75.28] [65.75-75.8] [60.7-63.8] [54.1-56.3] [49.0-50.2]
Ethanol 80.9aB 78.5aB 94.6 aA 83.8aB 94.6 aA 0.06
[74.45-85.25] [77.3-82.7] [90.5-95.5] [77.3-88.5] [91.75-96.78]
92.5aB 94.6 aB 92.8aA 95.7 aA 99.3a3A 0.08
DMSO [89.88-97.30] [93.7-97.08] [90.7-97.4] [94.2-97.7] [33.3-99.6]
p* p <0.05 p <0.05 p <0.05 p <0.05 p >0.05

Different small letters indicate significant differences between each concentration of same variable by Friedman
test (*). Different capital letters indicate significant differences between each variable in the same concentration
by Kruskal-Wallis test (*).
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Figure 3. Box-Plot representing the median of cell viability percentage after 48 h incubation with
different concentrations of B. dracunculifolia (extract and essential oil), propolis, caffeic and
cinnamic acids. Data represent 3 similar assays. Lower and upper quartiles represent 25% and 75%
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B. dracunculifolia (extract and essential oil — 5, 10 and 25 pg/100uL) had no effect
in cell viability (p > 0.05). However, higher concentrations exhibited a cytotoxic action
against HEp-2 cells (p < 0.05) in a concentration-dependent way. Fukuda et al. (2006) have
reported that the leaf extracts from B. dracunculifolia and isolated compounds
(sesquiterpene and terpene phenols) exhibited a potent cytotoxic activity against leukemia
cells (L1210).

As to propolis, the main constituents of our propolis sample were investigated by
TLC, GC and GC-MS: flavonoids were present in small quantities (kaempferid, 5,6,7-
trihydroxy-3,4’-dimethoxyflavone, aromadendrine-4’-methyl ether); a prenylated p-
coumaric acid and two benzopyranes: E and Z 2,2-dimethyl-6-carboxyethenyl-8-prenyl-2H-
benzopyranes); essential oils (spathulenol, (2Z,6E)-farnesol, benzyl benzoate and
prenylated acetophenones); aromatic acids (dihydrocinnamic acid, p-coumaric acid, ferulic
acid, caffeic acid, 3,5-diprenyl-p-coumaric acid, 2,2-dimethyl-6-carboxy-ethenyl-8-prenyl-
2H-1-benzo-pyran); di- and triterpenes were also found, among others (Bankova et al.,
1998).

Our data showed that 5 and 10 pg/100uL of propolis had no effect in cell viability (p
> 0.05), whereas higher concentrations (25, 50 and 100 ng/100uL) had an efficient activity
against HEp-2 cells, in a concentration-dependent manner (p < 0.05). These data are in
agreement with those previously reported by our group, using the same concentrations of
propolis: with 5 and 10 pg/100uL, HEp-2 cells showed a typical morphology and
epithelioid-shaped cells were observed, with few rounded cells. On the other hand, changes
in cell morphology such as lysis and disorganization of the monolayer were seen after
incubation with 25, 50 and 100 ug/100uL (Bufalo et al., in press). Propolis possesses a

significant cytotoxicity towards various tumor cells. It was observed its antiproliferative
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activity against human HT-1080 fibrosarcoma, and human lung A549 adenocarcinoma
(Banskota et al., 2002).

It has been reported that the antiproliferative action of propolis on tumor cells may
be the result of the synergistic effect of its constituents. Kujumgiev et al. (1999) suggested
that the biological properties of propolis are due to a natural mixture of its components, and
a single propolis constituents does not have an activity greater than that of the total extract.
In order to investigate the antitumoral action of isolated compounds, found both in propolis
and in B. dracunculifolia, as well as to understand their mechanisms of action, caffeic and
cinnamic acids were evaluated in our assays. Cinnamic acid (5, 10 and 25 pug/100ul) and
caffeic acid (5 pg/100uL) had no effect in cell viability in vitro (p > 0.05), and cytotoxic
effects were seen using higher concentrations (p < 0.05).

Caffeic acid phenethyl ester (CAPE) is one of propolis constituents most
investigated with regards to the antitumor action (Castaldo and Capasso, 2002; Kartal et al.,
2003), although other phenolic compounds and diterpenoids isolated from propolis also
have antitumor properties (Banskota et al., 2001). CAPE had a dose-dependent effect on the
cytotoxicity of the C6 glioma cells, increasing the proportion of hypodiploid DNA, as an
indication of apoptosis (Lee et al., 2003). CAPE also inhibited the enzymatic activity of
matrix metalloproteinases, which is often found to be elevated in tumor tissues and
malignant cells (Jin et al., 2005). CAPE derivatives were investigated on oral cancer cell
line and normal human oral fibroblast, showing cytotoxic effects on tumor cells but not on
normal ones (Lee et al., 2005). According to Jin et al. (2008), the treatment of human
myeloid leukemia U937 cell line with CAPE decreased cell viability in a dose- and time-
dependent manner, probably due to apoptosis.

Cinnamic acid derivatives from propolis (baccharin and drupanin) exhibited

antitumor activity in vitro and this effect was due to apoptosis in human myelocytic



Manuscrito | 32

leukemia cell line (HL60) (Akao et al., 2003). The cytotoxic properties of propolis and B.
dracunculifolia may also be explained due to flavonoids or other phenolic compounds
(Moreno et al., 2005).

Ethanol and DMSO had no effects on cell viability in our assays, evidencing that

the cytotoxic effects were exclusively due to the variables.

On the basis of these results, our data reinforce propolis’ antitumoral activity in
vitro, previously related by our group and other researchers (Sforcin, 2007). Moreover, B.
dracunculifolia showed a cytotoxic activity against tumor cells, but not as efficient as
propolis. Since caffeic and cinnamic acids also showed a cytotoxic activity, one may
speculate that these acids may be involved in the mechanisms of action of propolis and B.
dracunculifolia against HEp-2 cells. Further investigation is still needed in order to explore
the potential of these variables as antitumor agents and to understand their mechanisms of

action.
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ABSTRACT

Baccharis dracunculifolia is the most important botanical source of the southeastern
Brazilian propolis, and its potential for the development of new phytotherapeutic medicines
has been investigated. Propolis is commonly used for its antimicrobial and
immunomodulatory activities. Nevertheless, B. dracunculifolia and propolis effects on
poliovirus type 1 (PV1) were not investigated yet. Thus, the aim of this work was to
evaluate the antiviral activities of B. dracunculifolia (extract and essential oil), propolis and
some isolated compounds (caffeic and cinnamic acids) against PV1 replication in HEp-2
cells in three different protocols (pre-, simultaneous and post-treatment), to verify the effect
of addition time of the variables on PV1 replication by crystal violet method and relative
viral RNA quantification by real-time PCR, and to analyze in which step of virus
replication the variables could interfere. Data revealed that the B. dracunculifolia (25
ug/100 pL) and propolis (10 ug/100 ulL) showed the best antiviral activity percentages in
the simultaneous treatment, and lower relative viral quantification in real-time PCR. Some
explanations are proposed, however, new investigation is still needed in order to explore the
potential of these variables as antiviral agents and to understand their mechanisms of action

against PV1 cycle replication.

Keywords: Poliovirus; Antiviral action; Baccharis dracunculifolia; Propolis; Real-time

PCR

1. Introduction

A variety of natural products and their derivatives have been considered as potential
candidates for the treatment of human viral diseases (Huleihel and Isanu, 2002; Gekker et

al., 2005). Recently, the inhibitory effects of medicinal plants extracts on the replication of
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several viruses have been reported. Herpes simplex virus (HSV), human immunodeficiency
virus (HIV), hepatitis B virus (HBV) and severe acute respiratory syndrome (SARS) virus
were strongly inhibited by various plants extracts (Mukhtar et al., 2008).

Poliovirus (PV) is a single-stranded RNA, non-enveloped virus, belonging to the
family Picornaviridae and genus Enterovirus. It is the etiologic agent of poliomyelitis, and
once it reaches the central nervous system, one may develop paralytic poliomyelitis — a
disease characterized by a classic manifestation of flaccid paralysis. The incidence of
paralytic poliomyelitis has been reduced over the last decades, especially by the systematic
use of vaccines; however, this disease is still endemic in Asia and Africa (Felipe et al.,
2006). Because of its replication in several types of cultured cells, PV is one of the most
studied and understood viral models (Faccin et al., 2007).

As to PV, extracts of Tridax procumbens, Carissa carandas, Mallotus philippensis,
Agaricus brasiliensis, Euphorbia grantii, among others were found to be efficient against
the replication of poliovirus type 1 (PV1) (Semple et al., 2001; Felipe et al., 2006). A potent
activity against HIV and HSV in vitro was observed using extracts of Baccharis trinervis
(Palomino et al., 2002). In the present study, we evaluated the effect of Baccharis
dracunculifolia against PV1 replication.

B. dracunculifolia is used in folk medicine as an anti-inflammatory agent and for the
treatment of gastrointestinal diseases. This plant it is the most important botanical origin of
Brazilian propolis, called green propolis because of its color (Bankova et al., 1999; Da Silva
Filho et al., 2004).

Propolis is the generic name for the resinous substance produced by honeybees and
commonly used to improve health and to prevent several diseases. It has been used for
medicinal purposes since ancient times, and its antimicrobial, antitumoral, and

immunomodulatory activities have been reported (Sforcin, 2007). With regards to propolis
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antiviral properties, its inhibitory effect on several virus including influenza, HIV, HSV,
adenovirus and vesicular stomatitis virus has been well documented (Ito et al., 2001;
Gekker et al., 2005; Moreno et al., 2005). These findings have indicated the potential of
propolis as a possible antiviral drug. However, B. dracunculifolia antiviral effects have not
been investigated yet.

In the present study, we used PV1 as a model for the investigation of the antiviral
activity of B. dracunculifolia (extract and essential oil), propolis and isolated compounds
(caffeic and cinnamic acids). These variables were incubated with HEp-2 cells prior,
simultaneously or subsequently to PV1 addition to the cell cultures in order to understand

their mechanism of action.

2. Materials and methods

2.1.Plant material, oil and extract isolation and major compounds

B. dracunculifolia leaves were collected in ten different regions of Brazil (S&o
Paulo, Minas Gerais and Parand State) in their natural habitat, between May 2004 and April
2005. Plants were identified by Dr. Nelson Ivo Matzenbacher (Department of Bioscience -
PUCI/RS - Brazil), and voucher specimens (n° 1298) were deposited in the Herbarium of the
Chemical, Biological and Agricultural Pluridisciplinary Research Center (CPQBA),
University of Campinas, S&o Paulo, Brazil.

Extracts of B. dracunculifolia were obtained from dried and powdered leaves
samples (500 mg), dissolved in 20 mL of 90% ethanol in 125 mL erlenmeyer flasks, which
were stirred at 40 °C and 170 rpm on a shaker (Innova 4300). After two hours, flasks were
cooled down to room temperature and filtered using analytical filter papers. Aliquots (5.0

mL) of the hydroalcoholic extracts were transferred to an appropriate vial and dried under
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air circulation (40 °C). The yielding of crude extracts from B. dracunculifolia (90 mg) was
of 18%.

The essential oil of the dried leaves (500 g) was extracted by hydro-distillation using
a Clevenger type apparatus. After extraction, the volume of essential oil obtained was
measured and the essential oil was stored in hermetically sealed glass containers with
rubber lids, covered with aluminum foil to protect the contents from light and kept under
refrigeration at 8 °C. The oil yield was 0.6% based on the dry weight of the plant. High
performance liquid chromatography (HPLC) profile of B. dracunculifolia extract and flame
ionization detector (FID) capillary gas chromatogram of the essential oil were carried out
(Sousa et al., 2007).

Caffeic and cinnamic acids were purchased from Acros Organics (Morris Plains, NJ,

USA).

Extract, caffeic and cinnamic acids were diluted in 100 uL of 70% ethanol, and
subsequently diluted in minimum essential medium (MEM - GIBCO, USA) supplemented
with 0.1 g/L of L-glutamine, 2.2 g/L sodium bicarbonate, 10 mL/L non-essential amino
acids and 10% fetal calf serum (LGC, Biotecnologia LTDA., Brazil). Essential oil (1 mL)
was diluted in culture medium containing 0.2% dimethylsulfoxide (DMSO - Sigma-

Aldrich, USA).

Specific dilutions of each variable (Baccharis extract and essential oil, caffeic and
cinnamic acids) were prepared for each assay in order to achieve 5, 10, 25, 50 and 100
ug/100 pulL. The same procedure was carried out with 0.2% DMSO (essential oil solvent)
and 70% ethanol (extract and isolated compounds solvent), to obtain the respective
concentrations of DMSO in the essential oil, and of alcohol in the extract, caffeic and

cinnamic acids.
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2.2. Propolis sample

Propolis was collected in the Beekeeping Section, UNESP, Campus of Botucatu,
Brazil. Propolis was ground and 30% ethanolic extracts of propolis were prepared (30 g of
propolis, completing the volume to 100 mL with 70% ethanol), in the absence of bright
light, at room temperature, with moderate shaking. After a week, extracts were filtered and
the dry weight of the extracts was calculated (120 mg/mL). Propolis chemical composition
was investigated using thin-layer chromatography (TLC), gas-chromatography (GC), and
gas chromatography-mass spectrometry (GC-MS) analysis (Bankova et al., 1998). Propolis
was diluted in MEM, and specific dilutions were prepared to achieve 5, 10, 25, 50 and 100

ng/100 puL. The same procedure was carried out with 70% ethanol (propolis solvent).

2.3. Cells and virus

HEp-2 cells (human laryngeal epidermoid carcinoma cells) were stored in liquid
nitrogen. Afterwards, cells were cultured in flasks with MEM supplemented with 10% fetal
calf serum and, before use, 2 mL of trypsin (0.2% trypsin in 5% EDTA) were added to each
flask until cells detachment. Cells were counted using a haemocytometer and cultured in a
96 well flat-bottomed plate (Corning, USA), at a final concentration of 2 x 10° cells/well.

Poliovirus type 1 (vaccinal strain Sabin I, stored at —80 °C in our laboratory) was
propagated in HEp-2 cells cultures and maintained at —80 °C. The virus titer was
determined according to Reed and Muench method (Lennette, 1995) and expressed in 50%

tissue culture infectious dose (TCIDsp).

2.4. Cytotoxic assay
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Prior to antiviral assays, cell viability after incubation with each variable in different
concentrations was assessed, in order to carry out the assays only with non-cytotoxic
concentrations. The evaluation of citotoxicity was carried out by crystal violet method (Ait-
Mbarek et al., 2007).

HEp-2 cells grown in flat-bottomed 96-well microplates were incubated with
different concentrations (5, 10, 25, 50 and 100 pg/100 pL) of B. dracunculifolia (extract
and essential oil), propolis, caffeic and cinnamic acids, as well as with 70% ethanol and
0.2% DMSO. Control cells were incubated with medium alone. The final volume in each
well was 100 pL.

Cell viability was determined after 48 h incubation at 37 °C and 5% CO,. The
medium was removed and 100 pL of 0.5% crystal violet solution were added to the cells.
After 10 min of incubation at room temperature, plates were washed and viable crystal
violet-stained cells were lysed with 1% sodium dodecyl sulphate (SDS). Optical densities
(O. D.) were read at 492 nm in an ELISA reader and the percentage of cell viability was
calculated using the formula: [O. D. test / O. D. control] x 100. Assays were carried out in

triplicate.

2.5. Antiviral assays

The antiviral effect of the variables on PV1 replication was determined according to

Faccin et al. (2007) with minor modifications, in 3 different protocols, as follows:

Pre-treatment: HEp-2 cells were resuspended at a concentration of 2 x 10° cells/mL in
MEM, cultured in flat-bottomed 96-well plates and incubated with the variables at non-
cytotoxic concentrations: B. dracunculifolia (extract and essential oil), caffeic and cinnamic

acids =5, 10 and 25 ug/100 pL; propolis =5 and 10 pug/100 uL. After 2 h, the medium was
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removed and 100 TCIDs/100 uL (10*°) of virus suspension were added and incubated for

48h at 37 °C and 5% CO..

Simultaneous treatment: HEp-2 cells (2 x 10° cells/mL) were incubated simultaneously
with non-cytotoxic concentrations of each variable and 100 TCIDso/100 pL (10%°) of virus

suspension for 48 h.

Post-treatment: HEp-2 cells (2 x 10° cells/mL) were incubated with 100 TCIDs/100 puL
(10%®) of virus suspension for 2 h for virus adsorption. After incubation, the medium was

removed and variables at non-cytotoxic concentrations were added and incubated for 48 h.

Cells with virus but without variables were considered as a positive control. Each
variable was evaluated in triplicate and assays were repeated three times. The percentage of
antiviral activity, corresponding to viable HEp-2 cells, was assessed by crystal violet

method as described above.

In these same conditions, other plates were prepared for relative viral RNA
quantification by real-time polymerase chain reaction (real-time PCR) in order to verify in

which step of virus replication the variables could interfere.

2.6. Quantification of the viral genome

After incubation with B. dracunculifolia (extract and essential oil), propolis, caffeic
and cinnamic acids, 100 pL of supernatant were collected and centrifuged at 400 x g for 15
min to remove cellular debris. Afterwards, the cell monolayer was treated with 100 uL of

lysis buffer of the RNAspin Mini RNA Isolation Kit (GE — Healthcare, USA) and the lysate
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was collected. Samples of supernatant and cell lysates were submitted to total RNA

extraction.

2.6.1. Extraction of total RNA and cDNA synthesis

Total RNA was extracted using the RNAspin Mini RNA Isolation Kit (GE -
Healthcare, USA), according to the manufacturer’s instructions. Extracted RNA
preparations were stored at —80 °C.

Total RNA extracted (4 uL) was reverse-transcribed with 1 puL of random primer
(250 ng/uL) and the mixture was incubated for 5 min at 70 °C. For each sample, the master
mix was prepared with 4 puL of reaction buffer (Improm II 5x), 2.4 pL of MgCl, (25 mM), 1
puL of RNase out (10 units), 0.5 pL of ANTP (20 mM), 0.5 uL Improm RT II (Promega,
USA), 6.6 uL of free nuclease water. Afterwards, samples were cooled down to 4 °C and 15
uL of master mix were added, incubating for 5 min at 25 °C for denaturation, 60 min at 42
°C for annealing of primers and for 15 min at 70 °C for polymerization and extension.

Finally, tubes were incubated at 22 °C. Each cDNA was stored at —20 °C.

2.6.2. Real-time PCR

Each tube of reaction contained 4 pL of PV c¢cDNA template, 10 pL of the master
mix SYBR Green | (Invitrogen), 0.4 uL of each primer (final concentration: 200 mM), 0.4
pL ROX reference dye and 5.2 pL of PCR-grade water. Specific primers for PV capsid
gene (VP1-VP4) were 5-AGT TTC ACC GAA GGC GGA-3’ (F) and 5°-CGC TGA CAC
AAA ACC AAG GA-3’ (R) (GeneBank accession no. AY184219), resulting in a 102 bp
amplified product. The PCR program consisted of the following steps: 95 °C for 10 min for
initial denaturation, amplification for 40 cycles (95 °C for 15 s for denaturation, 60 °C for 1

min for annealing and extension), and to confirm the PCR product one cycle of melting
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curve analysis at 95 °C for 15 s, 60 °C for 30 s and 95 °C for 15 s. Fluorescence data were
collected during each annealing/extension step and analysed using ABI PRISM® 7300
Sequence Detector (Applied Biosystems, USA) and software SDS version 1.2.3 (“Sequence
Detection Systems” 1.2.3 — 7300 Real Time PCR System - Applied Biosystems, USA).

In every PCR run, negative (no template) and positive PV controls were processed

as a routine quality control of the assay. Assays were carried out in duplicate.

2.6.3. Standard-curve

The standard-curve was generated by performing serial dilutions of the PV1 RNA
extracted of cell culture. To the smallest dilution of RNA standard it was given the relative
value 100 and, following the same reason of dilution, the other 3 points were 50, 25 and

12.5. The virus quantity in the samples was expressed in relation to the standard-curve.

2.7. Statistics

Wilcoxon test was used to detect differences between propolis concentrations, and

Friedman test to the other variables, with the significant level at P<0.05 (Zar, 1999).

3. Results

3.1. B. dracunculifolia (extract and essential oil) and propolis chemical composition

The chromatographic profiles of B. dracunculifolia leaves (extract and essential oil)
are showed in Figs. 1 and 2, respectively. From HPLC analysis and comparatives studies,
involving authentic standard and the samples investigated here, it was possible to carry out

the characterization of the extract this plant. According to Fig. 1, caffeic acid, ferulic acid,
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aromadendrin-4’-methyl ether and artepillin C were the main phenolics detected in the plant
hydroalcoholic extract (Sousa et al., 2007). GC-MS and FID capillary gas chromatography
analysis of the essential oil of B. dracunculifolia revealed that the main chemical
components were: a-pinene, B-pinene, limonene, trans-caryophyllene, aromadendrene, o-
humulene, germacrene D, bicyclogermacrene, o-cadinene, nerolidol, spathulenol,

viridiflorol, guaiol, a-muurolol (Fig. 2).

Detector A-281 nm
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—
o
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o
S A 2 500
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T T T T T T T
0 10 20 30 40 50 60 70
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Fig. 1. HPLC profile of B. dracunculifolia extract: caffeic acid (1); ferulic acid (2); aromadendrin-
4’-methyl ether (3) and artepellin C (4), internal standard (is) (veratraldehyde).
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Fig. 2. FID capillary gas chromatogram of essential oil of B. dracunculifolia: a-pinene (1), B-
pinene (2), limonene (3), trans-caryophyllene, (4), aromadendrene (5), o-humulene (6),
germacrene D (7), bicyclogermacrene (8), 6-cadinene (9), nerolidol (10), spathulenol (11),
viridiflorol (12), guaiol (13), a.-muurolol (14) and internal standard (is) (piperonal).

The main constituents of our propolis sample, investigated by TLC, GC and GC-MS
analysis, were: flavonoids (kaempferid, 5,6,7-trihydroxy-3,4’-dimethoxyflavone,
aromadendrine-4’-methyl ether); a prenylated p-coumaric acid and two benzopyranes: E
and Z  2,2-dimethyl-6-carboxyethenyl-8-prenyl-2H-benzopyranes);  essential  oils
(spathulenol, (2Z,6E)-farnesol, benzyl benzoate and prenylated acetophenones); aromatic
acids (dihydrocinnamic acid, p-coumaric acid, ferulic acid, caffeic acid, 3,5-diprenyl-p-
coumaric acid, 2,2-dimethyl-6-carboxy-ethenyl-8-prenyl-2H-1-benzo-pyran); di- and

triterpenes, among others (Bankova et al., 1998).

3.2. Cytotoxic assay
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Data showed that the non-cytotoxic concentrations for each variable were: B.
dracunculifolia (extract and essential oil), caffeic and cinnamic acids = 5, 10 and 25
ug/100 pL, and propolis = 5 and 10 ug/100 pL. Ethanol and DMSO had no effects in cell

viability (Bufalo et al., submitted).

3.3. Antiviral assay

For the antiviral assays, non-cytotoxic concentrations of each variable described in
3.2. were used.

In the pre-treatment, B. dracunculifolia (extract and essential oil — 25 ug/100 pL)
showed the most efficient antiviral action in comparison to the other concentrations
(P<0.05) (Figs. 3A e 4A). No significant differences were seen between the different
concentrations of propolis, caffeic and cinnamic acids (P>0.05) (Figs. 5A, 6A and 7A,

respectively).

In the simultaneous treatment, propolis (10 pg/100 uL) and Baccharis extract,
caffeic and cinnamic acids (25 pg/100 pL) inhibited significantly the virus replication
(P<0.05). There were no significant differences between the different concentrations of
Baccharis essential oil (P>0.05) (Figs. 3B-7B).

Data from the post-treatment showed that propolis (10 pg/100 uL) and of Baccharis
(extract and essential oil) and caffeic acid (25 ng/100 pL) inhibited significantly the PV1
replication (P<0.05). No significant differences were seen between the concentrations of the
cinnamic acid (P>0.05) (Figs. 3C-7C).

A comparison between the variables regarding their concentrations and antiviral
action in all protocols (pre-, simultaneous and post-treatment) revealed that Baccharis

extract (25 pg/100 pL) showed the best antiviral activity (74.0%) in the simultaneous
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treatment, followed by 10 pg/100 pL of propolis (52.2%), in the same treatment (p<0.05)

(Table 1).

Table 1. Comparison between the protocols (pre-, simultaneous and post-treatment) with regards to the
antiviral activity of each variable.

Variables 5 ng /100 pL 10 pg /100 pL 25 pg /100 pL.
Pre- Simultaneous Post- | Pre- Simultaneous Post- | Pre- Simultaneous Post-
b ab a b a ab - - -
Propolis (52.2%)
Extract b a ab b a ab b a ab
(74.0%)
Essential a a a b ab a b ab a
oil
Caffeic a a a b a ab b a ab
acid
Cinnamic a a a b a b ab a
acid
Different small letters indicate significant differences between the treatments in the same concentration by Friedman test (p<

0.05). The best antiviral activities are showed in bold, and the percentages are between parentheses.

3.4. Relative quantification of viral RNA

PCR efficiency (78.1%) was determined using the slope of the standard-curves, and
the real time PCR reproducibility was represented by the correlation coefficient (R = 0.99).
Amplicons specificity was confirmed by melting curve analysis. A single melting peak at
80 °C to specific amplicon of 102 bp was obtained, indicating that the primers used in this
study were specific for PV1 (data not shown).

In the pre-treatment, the lowest relative viral RNA quantification was seen in the
supernatant and cell lysate samples after incubation with B. dracunculifolia extract (25
ug/100 pL) and propolis (10 pg/100 nL), followed by the essential oil, caffeic and cinnamic
acids (25 ng/100 uL) (Figs. 3A-7A).

In the simultaneous treatment, the lowest relative viral RNA concentrations were

found in the supernatant after incubation with B. dracunculifolia extract (25 pug/100 uL) and
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propolis (10 ug/100 pL). In cell lysate, these same concentrations of propolis and Baccharis
extract led to decreased RNA quantification. Baccharis essential oil, caffeic and cinnamic
acids were also efficient, but not as the extract and propolis (Figs. 3B-7B).

In the post-treatment, propolis (10 pg/100 pL) led to the lowest relative viral RNA
in the supernatant and cell lysate, followed by the other variables (Figs. 3C-7C).

The best results were obtained in the simultaneous treatment, followed by the pre-
and post-treatment for B. dracunculifolia (extract and essential oil), propolis and caffeic
acid, either in the supernatants or in cells lysates. Cinnamic acid showed the same pattern in
the supernatant, but the evaluation of cell lysate showed that the simultaneous treatment
was better than post- and pre-treatment. Higher relative viral RNA quantification was
observed in the cell lysate in comparison to the supernatants, in all protocols and variables
(Figs. 3-7).

One may verify that real-time PCR data are in agreement with the Table 1, and an
association between the highest antiviral activities of the variables in the crystal violet
method could be established with the lowest relative viral quantification in the real-time

PCR.
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Extract pre-treatment
2500 - 2289,1 £ 0 pg/100ul
2000 o B 5 pug/100uL
@ 10 ng/100uL
1500 B 25 nug/100uL
1000 -+
500 -
18,023,031,0
O T
% antiviral activity RNA relative RNA relative
concentration concentration A
(supernatant) (lysate)
Extract simultaneous treatment
2500 - 2289,1
2000 - '
& 0 pg/100uL
1500 - B 5 png/100uL
1000 - B 10 pg/100pL
500 - B 25 nug/100ul
59,065,074,0
0]
% antiviral RNA relative RNA relative
activity concentration concentration B
(supernatant) (lysate)
Extract post treatment
2500 3 0 pg/100uL
2000 - E 5 ug/100ul
B 10 pg/100ul
1500 - B 25 ug/100ul
1000 -
500 - 376,837,885 p80,0
28,033,036,1 s
(0] \
% antiviral activity RNA relative RNA relative
concentration concentration C
(supernatant) (lysate)

Fig. 3. Antiviral activity percentage and relative RNA viral quantification (supernatant
and cell lysate) of the extract. A: pre-treatment, B: simultaneous treatment, C: post-
treatment. Friedman test (P<0.05).
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Essential oil pre-treatment
2500 ~ & 0 ug/100uL
2000 B 5 ng/100uL
BB 10 pg/100uL
1500 B 25 ug/100uL
1000 -
500 +
10,319,028,9
0
% antiviral activity RNA relative RNA relative
concentration concentration A
(supernatant) (lysate)
Essential oil simultaneous treatment
2500 A
2058,6
2000 - reen]
0o 100
1500 - ue/100pL
& 5 pg/100uL
1000 | E 10 ng/100uL
M 25 nug/100uL
500 263,6
28,0 30,0 33,3 —60,3 48,9 31,0
o
% antiviral activity RNA relative RNA relative
concentration concentration (lysate) B
(supernatant)
Essential oil post treatment
2500 A = 0 ug/100ul
20588549 B 5 ug/100uL
2000 - - 29050
B 10 ng/100ul
1500 - W25 ng/100ul
1000 -
500 263,615
25,043,049,6 T 961.043,0
0 \
% antiviral activity RNA relative RNA relative
concentration concentration C
(supernatant) (lysate)

Fig. 4. Antiviral activity percentage and relative RNA viral quantification (supernatant
and cell lysate) of the essential oil. A: pre-treatment, B: simultaneous treatment, C: post-
treatment. Friedman test (P<0.05).
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Propolis pre-treatment
250 - £ 0 pg/100uL
15,0 E 5 pg/100ulL
200 — B 10 pg/100uL
150 —
100 — 75,0
50 H
9,8 10,9
0 TN
% antiviral activity RNA relative RNA relative
concentration concentration A
(supernatant) (lysate)
Propolis simultaneous treatment
250 - O 0 pg/100uL
B35 100
195,0 ue/100pL
200 - — B 10 ug/100uL
150 -
100 -
50
15,0
(0]
% antiviral activity RNA relative RNA relative
concentration concentration (lysate) B
(supernatant)
Propolis post treatment
250 & 0 pg/100uL
200 B 5 ng/100ul
B 10 pg/100ul
150 -
— 60,0
50 - 5 39,1 ] 35,4
(0]
% antiviral activity RNA relative RNA relative
concentration concentration C
(supernatant) (lysate)

Fig. 5. Antiviral activity percentage and relative RNA viral quantification (supernatant
and cell lysate) of the propolis. A: pre-treatment, B: simultaneous treatment, C: post-
treatment. Wilcoxon test (P<0.05).
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Caffeic acid pre-treatment

% antiviral activity

RNA relative
concentration
(supernatant)

RNA relative

concentration (lysate)

1800 -
1600
1400 -
1200 - = 0 pg/100uL
1000 - B 5 ng/100uL
800 - B 10 nug/100uL
600 - M 25 nug/100ul
400
200 7,4 7,6 85
0
% antiviral activity RNA relative RNA relative
concentration concentration A
(supernatant) (lysate)
Caffeic acid simultaneous treatment
1800 1560,3 3 0 pg/100uL
1600 7 & 5 pg/100pL
1400 -
1200 - B 10 pg/100uL
1000 - B 25 pug/100ul
800 -
600 -
400 -
200 12,4 24,026,7
0
% antiviral activity RNA relative RNA relative
concentration concentration B
(supernatant) (lysate)
Caffeic acid post treatment
1800
1600
1400
1200 - D 0 pg/100uL
1000 - B 5 pg/100ul
800 - B 10 pg/100uL
600 - M 25 pg/100uL
400
200 8,5 10,6 22,3
(0]

Fig. 6. Antiviral activity percentage and relative RNA viral quantification (supernatant
and cell lysate) of the caffeic acid A: pre-treatment, B: simultaneous treatment, C: post-
treatment. Friedman test (P<0.05).
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Cinnamic acid pre-treatment

(supernatant)

(lysate)

2000
1800
1600
1400 3 0 pg/100uL
1200 & 5 pg/100
1000 ng/100uL
800 B 10 pg/100uL
600 B 25 nug/100ul
400
200 7,7 8,4 10,5
¢}
% antiviral activity RNA relative RNA relative
concentration concentration A
(supernatant) (lysate)
Cinnamic acid simultaneous treatment
2000
1800
1600
1400 O3 0 pg/100uL
1200
Hs 100,
1000 910,7 ng/100puL
800 B 10 pg/100pL
600 W 25 pg/100pl
400 61,7
200 16,7 19,1 29,8 11.0%7,0
0
% antiviral activity RNA relative RNA relative
concentration concentration (lysate) B
(supernatant)
Cinnamic acid post treatment
2000
1800
1600 E1 0 pg/100uL.
1400 B8 5 pg/100ul
1200 B 10 pg/100uL
1000
W 25 100
800 ng/100uL
600
400
200 74 76 7,9
(0] T
% antiviral activity RNA relative RNA relative
concentration concentration C

Fig. 7. Antiviral activity percentage and relative RNA viral quantification (supernatant
and cell lysate) of the cinnamic acid A: pre-treatment, B: simultaneous treatment, C: post-
treatment. Friedman test (P<0.05).
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4. Discussion

Medicinal plants have been widely used to treat a variety of infectious and non-
infectious diseases and 25% of the commonly used medicines contain compounds isolated
from plants (Mukhtar et al., 2008). The investigation of natural products with antiviral
action has attracted researchers interest; nevertheless, no articles are found in the literature
dealing with B. dracunculifolia antiviral activity. In the present study, we wish to report for
the first time the antiviral activity of this plant on PV1 replication.

With regards to the antiviral assays, the highest percentage of viral inhibition and
consequently smallest relative RNA viral quantification were obtained with 25 pg/100 pL
of B. dracunculifolia (extract) followed by 10 pg/100 pL of propolis, in the simultaneous
treatment. B. dracunculifolia essential oil showed a lower antiviral activity compared to the
extract.

When PV1 was added to the cells simultaneously with the extract or propolis, there
was a decreased RNA quantification in cell lysate as well as in the supernatant samples,
however, higher amounts of RNA were found in the lysate in comparison to the
supernatant. Although the viral entry into cells could have been inhibited, B.
dracunculifolia and propolis exerted their antiviral activity probably when PV1 was within
cells, affecting the cycle replication.

In the pre-treatment, variables were removed before adding the virus, what could
lead cells more resistant to virus attack. However, there was a higher viral entry into cells,
in comparison to the simultaneous treatment, discarding our hypothesis. On the other hand,
in the post-treatment, variables were added after the virus, and the RNA viral quantification
was higher than that the simultaneous treatment. One may speculate that variables
interfered on virus output by infected cells, or led to RNA degradation in the supernatant

after virus output.
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Extracts of Baccharis trinervis showed inhibitory effects on HSV and HIV
replication when added simultaneously to the virus, suggesting that the extracts inhibited
the virus-cell attachment, virus-cell fusion and cell-to-cell fusion (Palomino et al., 2002).

As to propolis, Amoros et al. (1992) verified the effect in vitro of alcoholic extract
of propolis against several viruses of DNA and RNA, including HSV, adenovirus, and
vesicular stomach virus, showing that propolis reduced HSV titers, but the other viruses
were less susceptible to its action.

Serkedjieva et al. (1992) reported that the pre-treatment of canine kidney epithelial
(MDCK) cells with propolis had no effect on influenza virus replication. However, a
reduced viral infectivity was seen adding propolis simultaneously with the virus or
immediately after virus adsorption, suggesting that adsorption and the penetration of virus
were inhibited in the initial stage of replication cycle.

Ito et al. (2001) verified the efficient activity of propolis anti-HIV in vitro. Gekker et
al. (2005), using microglial cell cultures, showed propolis activity against HIV in a
concentration-dependent manner suggesting that this effect may have occurred due to
caffeic acid phenethyl ester (CAPE) action, involving, in part, the inhibition of viral entry
into cells.

According to Huleihel and Isanu (2002), propolis caused 50% inhibition of HSV
infection, and indirect evidence pointed out to a strong interaction between propolis and the
surface of Vero cells, but not with HSV particles. Administration of propolis before or
simultaneously to infection yielded the most significant inhibitory effect, suggesting that
this effect were due to propolis blockage of the cell membrane receptors for HSV or to
changes inside the cells, which could in turn affect the virus replication cycle.

Huleihel and Ishano (2001) and Matsuo et al. (2005) suggested that the antiviral

activity of propolis might be attributed to flavonoids action, which play a significant role in
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the antiviral process. Tait et al. (2006) related that natural and synthetic flavonoids might
interfere with picornavirus replication preventing the decapsidation of viral particles and
RNA release within cells or blocking viral RNA synthesis.

Isolated compounds are important to understand the possible mechanism of action of
propolis and its vegetal source. In our work, caffeic and cinnamic acids showed a lower
antiviral activity as compared to B. dracunculifolia and propolis, suggesting that these acids
may be involved in B. dracunculifolia and propolis’ antiviral effects. It has been reported
that the action of propolis and Baccharis are due to a natural mixture of its components, and
a single constituents would not have an activity greater than that the total extract
(Kujumgiev et al., 1999).

The real time PCR has been described as a quantitative detection method for nucleic
acids (Min et al., 2006). This method provides higher sensitivity and specificity to quantify
viral nucleic acids, and an association between the concentrations of viral nucleic acid and
cell culture infectivity by PV1 could be established herein.

In our work, B. dracunculifolia (25 pg/100 uL) and propolis (10 png/100 uL) showed
an efficient percentage of antiviral activity evidenced by the crystal violet method (74.0%
and 52.2% respectively) in the simultaneous treatment, which was associated to the lowest
relative viral quantification in the real-time PCR. Some explanations to these effects may be
arised: a) variables might block partially the viral entry within cells; b) variables could have
affected the steps of viral cycle replication into cells; c) RNA degradation before the virus
entry into cells or after virus release to the supernatant. However, new investigation is still
needed in order to explore the potential of these variables as antiviral agents and to

understand their mechanisms of action against PV1 cycle replication.
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Conclusotes

Concentragdes elevadas das variaveis analisadas apresentaram citotoxicidade para
as células HEp-2, de forma concentragdo-dependente;

Concentragbes ndo toxicas de todas as varidveis investigadas apresentaram
atividade antiviral nos 3 tratamentos (pré-, simultaneo e pds-tratamento), porém as
melhores atividades foram obtidas utilizando-se 10 pg/100ul de prépolis e 25
pg/100uL de B. dracunculifolia, no tratamento simultaneo;

Houve associagdo entre as técnicas utilizadas: quanto maior a porcentagem de
atividade antiviral evidenciada pelo método colorimétrico do cristal violeta, menor
a quantidade relativa de RNA viral detectada pela técnica de PCR em tempo real;
Provéveis mecanismos relacionados & acdo antiviral da prdpolis e de sua principal
fonte vegetal incluiriam o blogueio parcial, pelas variaveis analisadas, da entrada
do virus nas células; a interferéncia em etapas da replicacdo viral no citoplasma

celular, ou degradacdo do RNA viral no sobrenadante da cultura celular.
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