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RESUMO
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EFEITO PROTETOR DO EXTRATO HIDROALCOOLICO DE PROPOLIS
MARROM NAS LESOES VAGINAIS INDUZIDAS PELO HERPES SIMPLES
VIRUS TIPO 2

AUTOR: GLAUBIA DA SILVA SARTORI
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O prépolis € um composto natural e se destaca por suas propriedades antioxidante, anti-
inflamatéria e antiviral. O objetivo do presente estudo foi investigar se o extrato
hidroalcodlico de propolis marrom (EHP) tem efeito protetor frente as lesdes vaginais
causadas pelo virus do herpes simplex tipo 2 (HSV-2) em camundongos fémeas BALB /
c. O tratamento foi dividido em 5 dias de pré-tratamento com EHP [50 mg/kg, uma vez
por dia, via intragdstrica (i.g.)], infec¢do por HSV-2 [10 ml de uma solucio de 1x10° de
unidades formadoras de placas (PFU/ml™" HSV-2), inoculagdo intravaginal no dia 6] e
pos-tratamento com EHP (50 mg/kg) durante mais 5 dias. No dia 11, andlises in vivo
(escore de lesdes) e ex vivo [avaliacio hematoldgica e histoldgica; atividade das
enzimas superéxido dismutase (SOD), catalase (CAT) e mieloperoxidase (MPO);
espécies reativas (ER), niveis de nitracdo da tirosina, tidis ndo proteicos (NPSH) e dcido
ascorbico (AA)] foram realizadas. O tratamento com o EHP reduziu as lesdes
extravaginais e os danos histolégicos causados pelo HSV-2 no tecido vaginal dos
animais infectados. O EHP foi capaz de diminuir os niveis de ER, de nitracdo da
tirosina, de AA e a atividade da MPO. Além disso, protegeu contra a inibi¢cdo de
atividade da CAT nos tecidos vaginais. O EHP promoveu efeito protetor nos animais
infectados com HSV-2 agindo sobre os processos inflamatérios e oxidativos, este efeito
provavelmente ocorre devido as suas propriedades antioxidante e anti-inflamatéria.

Palavras-chave: HSV-2; herpes; prépolis; antioxidante; anti-inflamatério;
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Propolis is a natural compound and has been highlighted for its antioxidant, anti-
inflammatory and antiviral properties. The purpose of this study was to investigate if
brown hydroalcoholic propolis extract (HPE) protects against vaginal lesions caused by
herpes simplex virus type 2 (HSV-2) in female BALB/c mice. The treatment was
divided in 5 days of pre-treatment with HPE [50 mg/kg, once a day, intragastric (i.g.)],
HSV-2 infection [10 ml of a solution 1x10 plaque-forming unit (PFU/ml™" HSV-2),
intravaginal inoculation at day 6] and post-treatment with HPE (50 mg/kg) for 5 days
more. At day 11, in vivo (score of lesions) and ex vivo analysis [haematological and
histological evaluation; superoxide dismutase (SOD), catalase (CAT) and
myeloperoxidase (MPO) activities; reactive species (RS), tyrosine nitration, non-protein
thiols (NPSH) and ascorbic acid (AA) levels] were carried out. HPE treatment reduced
extravaginal lesions and the histological damage caused by HSV-2 infection in vaginal
tissues of animals. HPE was able to decrease RS, tyrosine nitration, AA levels and MPO
activity. Also, it protected against the inhibition of CAT activity in vaginal tissues of
mice. HPE promoted protective effect on HSV-2 infected animals by acting on
inflammatory and oxidative processes, and this effect probably is due its antioxidant and
anti-inflammatory properties.

Keywords: HSV-2; herpes; propolis; antioxidant; anti-inflammatory.
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1 INTRODUCAO

O herpes simplex virus (HSV) € um agente patolégico infecto-contagioso
bastante comum e prevalente nos individuos.  Este € diferenciado em dois tipos
antigénicos, o tipo 1 (HSV-1) associado geralmente a infec¢des orofaciais e encefalites
e o tipo 2 (HSV-2), o qual infecta o trato genital e pode ser transmitido de mae para
filho durante o nascimento (Nolkemper e cols., 2010). Ambos os tipos, membros da
familia Herpesviridae subfamilia alphaherpesvirinae género simplexvirus, sao
constituidos por quatro componentes basicos: a estrutura helicoidal de DNA em dupla
hélice, envolvida por capsideo icosaédrico e circundada por uma substancia amorfa
(tegumento), além do envelope lipidico, em que se expressam as glicoproteinas de

superficie do HSV (Figura 1) (Lupi e Pereira, 1994).

HERPESVIRUSES

Figura 1. Estrutura do herpes simplex virus. Fonte: (CITIZENDIUM, 2008)

A replicagdo viral inicia-se na epiderme apds a ligagdo do virus as moléculas de
heparan sulfato da membrana celular. Tanto o HSV-1 como o HSV-2 podem codificar
pelo menos 84 polipeptidios diferentes. No inicio da infeccdo, o HSV se adere a trés
diferentes tipos de receptores de superficie celular e logo apds funde-se com a
membrana plasmética. O capsideo, menos o seu envelope, é transportado para o poro
nuclear através do qual liberta o seu DNA viral para o nicleo. O HSV, por sua vez,
replica-se em um ciclo de trés transcricdes: gene o (proteina inicial que regula
principalmente a replicacdo viral denominada immediate early gene — IE); gene P
(proteina inicial da sintese e empacotamento do DNA viral); e o gene y (proteina tardia,
maioria proteinas de virions, os quais constituiem a forma infectiva do virus) (Ward,

1994). Assim, a infec¢do propaga-se para as terminacdes nervosas livres com



12

disseminagdo intra-axonal através de transporte retrégrado dos virions, particulas
infectantes dos virus, para os ginglios sensoriais paravertebrais. A replicacdo viral
segue no ganglio sensorial e nos tecidos neurais contiguos, com o estabelecimento da
laténcia viral. O periodo de incubagdo possui duragao de sete dias. Os ganglios sacrais e
trigeminais sdo os mais acometidos, mas outros ganglios paravertebrais também podem
ser atingidos durante as recorréncias clinicas (Lupi e Pereira, 1994; Sokol e Garry,
1997).

O ciclo biolégico do HSV € controlado por suas glicoproteinas (gp) de
superficie. As glicoproteinas gC, gB e gD sdo indispensdveis para a replicagao viral nas
células infectadas, participam da adsor¢dao ao heparan sulfato, além da liberacdo de
virions. Mutagdes virais, com translocacdo no gene codificador da gB, produzem
virions ndo infecciosos. Quando a translocacdo afeta a gB e a gD conjuntamente, o
virion efetua a adsor¢ao, mas nao penetra a célula (Lupi e Pereira, 1994; Shukla e Spear,
2001).

A transmissdo do HSV ocorre geralmente por contato intimo da pessoa
portadora do virus a partir de uma superficie de mucosa ou de lesdo infectante. As
principais regides infecciosas incluem a mucosa oral, ocular, genital e anal (Sokol e
Garry, 1997). As lesdes herpéticas s@o caracterizadas por pdpulas eritematosas, ulceras
geralmente superficiais e intensamente dolorosas, principalmente durante a infec¢do
primdria (sem anticorpos preexistentes), também podem ocorrer outros sintomas como
prurido, disuria, febre e mal-estar que duram 2 semanas aproximadamente e geralmente
individuos que j& possuem anticorpos para o HSV-1 apresentam infec¢do menos severa
quando em contato com o HSV-2. Os sintomas iniciais da infeccdo por HSV sdo pouco
aparentes, os pacientes podem apresentar sinais de lesdo varios dias apds a infecgao
inclusive transmitir o virus a seus parceiros sexuais na auséncia dos sintomas (Koelle e
Corey, 2003; Patel e cols., 2011).

Uma caracteristica principal da infeccdo por HSV € a sua capacidade de
permanecer latente nos ganglios sensoriais. Nesta condicao, o DNA viral se mantém
como um epissomo (localiza-se no citoplasma) e a expressdo dos seus genes virais
encontram-se silenciadas (Mellerick e Fraser, 1987). Desta forma a auséncia de sintese
protéica permite que o HSV fique completamente invisivel ao sistema imunolégico. O
unico produto viral detectado durante a laténcia € conhecido como LAT (latency
associated transcript), representando um fragmento de RNA sintetizado pelo virus. A

laténcia persiste até que ocorra alguma modificacio estrutural na célula infectada como
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dano ou diferenciagdo celular. O gene IE € ativado ap6s estimulo apropriado e permite a
replicagdo viral. O LAT, por ser a tnica fragdo viral presente durante toda a laténcia,
parece promover a reativacdo do HSV. Muitos eventos podem causar a reativacdo viral
como estresse fisico ou emocional, menstruagao, febre, luz ultravioleta e danos teciduais
(Pereira, 1996; Wagner e cols., 1995).

O HSV-1 € o principal causador do herpes labial na regido orofacial, estas
infecgdes primdrias ocorrem em torno dos 20 anos de idade e sdo normalmente
assintomdticas. Dados revelam que anticorpos contra o virus sdo encontrados em cerca
de 80% dos adolescentes. No entanto quando os sintomas aparecem sao caracterizados
por estomatite herpética (feridas dolorosas) com formagdo de bolhas e ulceras no
contorno dos ldbios, lingua e da boca e também febre (Figura 2A). O HSV-2 também
pode ocasionar uma infec¢do primdria nesta regido apesar de ndo ser muito comum
(Corey e Handsfield, 2000; Ross e cols., 1997; Scoular, 2002).

O herpes genital, transmitido por via sexual, € causado pelo HSV-2 e gera uma
infeccdo persistente sendo a forma mais comum de ulcera na regido genital (Whitley,
2002) (Figura 2B). A infec¢do genital por HSV-2 raramente é transferida de mae para
filho durante a gestacdo, mas quando a transmissd@o ocorre pode envolver multiplos
orgdos causando hepatite necrosante e encefalite. J4 a infeccio em neonatos pode
ocorrer no tutero (em torno de 5% das infeccdes), durante o parto (80% dos casos) ou
pos-natal. Estes tipos de infecgdes sao freqiientemente sintomadticas e letais, atingem os
olhos, a pele ou boca (40% dos bebés), podendo gerar encefalite com ou sem infec¢ao
na pele (35%) ou resultar em uma infec¢do disseminada (25%) (Whitley e Roizman,

2001).

Figura 2. Lesdes herpéticas causadas herpes simplex virus tipo 1 (A) e pelo herpes simplex virus tipo 2
(B). FONTE: (clinicaciso.no.comunidades.net, 2013).

O diagnostico pode ser confirmado através do isolamento viral em cultura de

células ou deteccio do seu DNA por PCR. As amostras devem ser coletadas de
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vesiculas e lesdes presentes na pele, armazenadas corretamente e encaminhadas para
andlise laboratorial. O diagndstico sorolégico da infec¢do por HSV ajuda somente para
determinar se houve uma prévia exposi¢ao ao virus (Lakeman e Whitley, 1995).

Nao existe cura para a infeccdo herpética e poucos tratamentos reduzem os
sintomas da manifestacdo clinica. Agentes antivirais, como o tradicional aciclovir e
derivados, sdo normalmente usados no tratamento do HSV. Estes antivirais orais
penetram nas células infectadas e agem como andlogos de nucleosideos; eles se ligam e
sao fosforilados pela timidina quinase viral. Por consequéncia, os antivirais sao
fosforilados novamente pelas enzimas celulares e comecam a competir com o0s
nucleosideos para se ligar a enzima DNA polimerase viral, assim inativando-a de forma
a reduzir a replicacdo do virus. O aciclovir, por sua vez, ¢ um andlogo aciclico de
guanosina que atua na inibicdo da enzima viral DNA polimerase, tornando-se um
inibidor competitivo da ligacdo da enzima com a guanosina trifosfato. Contudo, a
principal limitacdo do uso deste medicamento € a sua baixa biodisponibilidade (15-
20%) sendo necessdrio a administragdo de vdrias doses didrias, normalmente 5 vezes ao
dia (McKendrick e cols., 1986; Nolkemper e cols., 2010), além do aparecimento de
efeitos adversos, tais como dor de cabeca, nduseas, diarréia, toxicidade renal e também
o desenvolvimento de resisténcia ao tratamento devido a mutagdes no DNA viral, as
quais podem desencadear auséncia da timidina quinase ou também a sintese alterada da
enzima DNA polimerase (Biswas e Field, 2008; Ferran e Pujol, 2006).

O medicamento Foscarnet® (acido fosfonoférmico trissdédico) € uma alternativa
no caso dos HSV resistentes ao aciclovir, sendo eficaz na destruicio dos virus
desprovidos da timidina quinase. O foscarnet deve ser utilizado 10 dias apds o
tratamento ineficiente com aciclovir e mantido até a cura clinica. Porém, € ineficaz para
o HSV portador da DNA polimerase, responsavel por cerca de 10% das resisténcias
comprovadas ao aciclovir (Biswas e Field, 2008).

Ha relatos de que durante as recorréncias das infec¢des tanto o tratamento com
aciclovir administrado via oral e o intravenoso nido conseguem reduzir a frequéncia
destes episddios. Ja as recorréncias das infecgdes geradas por HSV-2, o tratamento por
via oral diminui o tempo de transmissao e de recuperagdo quando iniciado dentro de
24h, porém ndo exerce efeito sobre os proximos episddios recorrentes (Whitley e
Roizman, 2001).

Alguns estudos demonstram que ambos os virus da herpes (HSV-1 e HSV-2)

podem induzir a produ¢do de mediadores pré-inflamatdrios, recrutamento e ativagio de



15

macréfagos e neutréfilos e ainda, induzir uma rapida producdo de espécies reativas de
oxigénio (ERO), de forma a combater os patdgenos invasores responsdveis pelo
desenvolvimento das lesdes (Schachtele e cols., 2010).

O equilibrio oxidativo de uma célula € mantido através de um complexo sistema
antioxidante (Arrigo, 2001). Quando este sistema € sobrecarregado, as espécies reativas
de oxigénio (ERO) e de nitrogénio (ERN) se acumulam constituindo um meio altamente
oxidante e conduzem assim ao dano celular. De fato a regulacdo deste estado redox €
extremamente importante para o bom funcionamento da célula, inclusive suas funcoes
metabodlicas. As ERO podem derivar especies pro-oxidantes que sdo subdivididas em
dois grupos: radicais e ndo radicais. O grupo radical inclue componentes como o
radical hidroxil (OH), o 6xido nitrico (NO), o superéxido (O2), o peroxil (ROO) e
alkoxil (RO) e o oxigénio singlet (O). O grupo ndo radical inclue uma variadade de
substancias, algumas extremamente reativas. Alguns deles sao o &acido hipocloroso
(HCIO), peroxido de hidrogénio (H202), per6xidos organicos, € o peroxinitrito
(ONOO) (Burch e Heintz, 2005; Davies, 1999). Em baixas concentracdes as espécies
reativas participam de processos celulares normalmente como por exemplo na
transdugdo de sinais, proliferacdo e diferenciacdo celular, apoptose e na resposta imune.
Uma superproducdo destas espécies ou um sistema antioxidante deficiente pode
resultar um processo de estresse oxidativo que pode acarretar um metabolismo celular
alterado, transducdo de sinais irregulares e mudancas funcionais entre as células e
tecidos (Arrigo e cols., 2005).

A entrada e subsequente replicagdo viral nas células eucaridticas pode
desencadear rotas de estresse, incluindo as de produgdo de radicais livres (Schwarz,
1996). Infec¢des como o HSV-1 ou citomegalovirus humano (HCMV) podem gerar o
acimulo de ERO e ERN in vitro (Kavouras e cols., 2007; Weiss, 2004). Estudos
demonstram que o virus do herpes ativa metabolicamente sua célula hospedeira logo na
fase inicial da infecc@o e que o estresse oxidativo gerado pode desencadear um evento
inflamatério (Albrecht e cols., 1992).

Como ja citado, ao invadir uma célula hospedeira o virus influencia processos
celulares ativando tanto cascatas oxidativas, inflamatérias e imunoldgicas, as quais
podem estar direta ou indiretamente correlacionadas. Durante a resposta imunoldgica
inata ocorrem trés etapas: 1) a secrecdo de proteinas como as do complemento e as
defensinas; 2) rdpida resposta inicial das células epitelias e dentriticas induzidas pelo

virus, caracterizada predominantemente pela producdo de interferon; e 3) recrutamento
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de células de defesa como neutréfilos, macréfagos e natural killer (NK). Modelos de
infeccdo in vitro tém explorado quais respostas celulares podem ser limitantes no ciclo
de replicacdo viral e de que forma elas podem propagar o virus uma vez que 0 mesmo
se estabelece. Respostas que podem incluir: producao de interferon tipo 1, os quais sao
gerados nas primeiras horas apds a infecc¢do; neutréfilos, os quais se acumulam na
mucosa dentro de 24h apds a infeccdo genital e secretam uma grande quantidade do
fator de necrose tumoral a (TNF- a); macréfagos, os quais sdo responsdveis pela
fagocitose; células NK, que sdo recrutadas ao local da infec¢do, produzem interferon
(IFN) e participa diretamente na lise da célula infectada; e as células dentriticas, que
vinculam a reposta imune inata e adaptativa (Duerst e Morrison, 2003; Zhao e cols.,
2003).

Outras pesquisas demonstram que culturas celulares de microglia reconhecem o
virus através de receptores TLR2 (Toll-like receptor 2) e assim desencadeiam uma
resposta inflamatéria incluindo a producdo de citocinas, quimiocinas e indugdo de
apoptose (Aravalli e cols., 2008; Aravalli e cols., 2006; Aravalli e cols., 2005). Em
outros estudos com cultura de células, a ativagdo dos receptores TLR também estao
relacionadas a geracdo de ERO (Lee e cols., 2004; Yang e cols., 2008).

Dessa forma, o estudo de novos compostos para o tratamento de lesdes
herpéticas torna-se relevante. Um composto natural vem ganhando destaque pela sua
gama de atividades frente a diversas doengas, o prépolis. O prépolis € uma substancia
resinosa, coletada pelas abelhas Apis mellifera, de diversas partes da planta como botdes
florais, broto e exsudatos resinosos. Semelhante a uma cera, € um produto das glandulas
das abelhas composto de hidrocarbonetos, ésteres de acidos graxos e dlcoois primérios
de cadeia longa (Negri e cols., 1998; Negri e cols., 2000). Sua composi¢cao quimica é
bastante variada e complexa dependendo da regido de origem e pelas diferencas
genéticas das abelhas responsdveis por sua coleta. Estas variacdes acarretam mudangas
em suas propriedades farmacoldgicas, que tendem a serem maiores em regides tropicais
devido a riqueza vegetal existente, e menor em regides temperadas. Sua coloragcdo
também € dependente de sua procedéncia, podendo variar de marrom escuro a um
marrom vermelho, passando por uma tonalidade esverdeada e o odor caracteristico varia
de uma amostra para outra, sendo que algumas podem ndo apresentd-lo (Bankova e

cols., 1995) (Figura 3).
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Figura 3. Prépolis marrom. Fonte: Arquivo pessoal.

Geralmente possui 50-60% de resinas e balsamos, 30-40% de ceras, 5-10% de
6leos essenciais, 5% de graos de pdlen, além de micro elementos como célcio, aluminio,
estroncio, cobre, ferro, manganés e vitaminas em pequena quantidade. E importante
destacar que a maior parte dos efeitos do propolis deve-se a presenca de flavondides, os
quais realizam fun¢des como a catdlise dos transportes de elétrons, varredura de radicais
livres, afinidade com polimeros bioldgicos, inibicdo de varios sistemas enziméaticos que
podem trazer patologias e efeito antioxidante intra-hepdtico (Marcucci, 1995). Outros
constituintes relevantes sdo os dcidos fenilpropandide e seus ésteres, por exemplo, o
acido caféico fenetil éster (CAPE) (Rossi e cols., 2002).

Dentre suas atividades bioldgicas destaca-se agdo antioxidante (Ahn e cols.,
2004), antibacteriana (Kujumgiev e cols., 1999), antiinflamatéria (Wang e cols., 1993),
neuroprotetora (Nakajima e cols., 2007), antitumoral (Kimoto e cols., 2001),
imunomoduladora (Park e cols., 2004) e antiviral (Amoros e cols., 1994). A atividade
antiviral ocorre especialmente contra a influenza (Serkedjieva e cols., 1992), virus da
imunodeficiéncia humana (HIV) (Ito e cols., 2001), adenovirus (Amoros e cols., 1992),
infec¢des do trato respiratério (Cohen e cols., 2004), herpes simplex virus tipol (HSV-
1) e tipo 2 (HSV-2 ) (Vynograd e cols., 2000). Alguns estudos in vitro sugerem que o
prépolis pode inibir a replicacdo viral aderindo-se nas membranas das células
hospedeiras de forma a bloquear a penetracdo das particulas virais para dentro da célula
induzindo mudancas no seu interior de forma a combater o ciclo viral (Huleihel e Isanu,
2002). Desta forma, o modelo de infec¢do genital em camundongos Balb/c suscetiveis

ao HSV-2 assemelha-se ao quadro de infec¢do genital que acomete os humanos e
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portanto nos permite estudar e avaliar o potencial de agdo de vérias substancias, como o
propolis e o posterior desenvolvimento desta manifestacao clinica.

De acordo com o aumento da resisténcia ao tratamento de infec¢des causadas
pelo HSV e a importancia do estudo de novas estratégias terapéuticas que possam
contribuir para a melhora deste quadro, e considerando ainda que o prépolis é um
composto natural de féacil obtencao, de facil acesso econdmico e eficiente no tratamento
de vérios tipos de enfermidades, este trabalho investiga os possiveis efeitos protetores
do prépolis sobre as lesdes vaginais agudas ocasionadas pelo por HSV-2 em

camundongos BALB/c.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar se o extrato hidroalcodlico de prépolis marrom (EHP) € efetivo sobre

lesdes vaginais agudas causadas por HSV-2 em camundongos BALB/c.

2.1.1 Objetivos especificos

Em um modelo de infeccao viral causada pelo HSV-2 em camundongos

fémeas BALB/c foi avaliado:

Efeito do tratamento com EHP (50mg/kg, via oral) nas lesdes vaginais externas e
nas alteracoes histologicas e celulares;

Efeito do tratamento com EHP (50mg/kg, via oral) nas alteragdes hematoldgicas;
Efeito antioxidante do EHP (50mg/kg, via oral) através da andlise das atividades das
enzimas superéxido dismutase, catalase e andlise do contetido de acido ascérbico,
tidis nao protéicos e espécies reativas;

Efeito antiinflamatério do EHP (50mg/kg, via oral) através da anélise da atividade

enzimatica da mieloperoxidase.
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3 RESULTADOS

Os resultados que fazem parte dessa dissertagdo estdo apresentados na forma de
um artigo cientifico. Os itens Materiais e Métodos, Resultados, Discussdo e Referéncias
Bibliograficas do artigo estdo dispostos de acordo com a recomendac¢do do periddico

cientifico no qual foi publicado.



21

3.1 Artigo

Efeito protetor do propolis marrom brasileiro contra lesées vaginais agudas
causadas pelo herpes simplex virus tipo 2 em camundongos: envolvimento de

mecanismos antioxidante e anti-inflamatorio.

Protective effect of brown Brazilian propolis against acute vaginal lesions caused
by herpes simplex virus type 2 in mice: involvement of antioxidant and anti-

inflammatory mechanisms

Glaubia Sartori, Ana Paula Pesarico, Simone Pinton, Fernando Dobrachinski, Silvane Souza
Roman, Fernanda Pauletto, Luiz Carlos Rodrigues Junior e Marina Prigol
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Protective effect of brown Brazilian propolis against acute vaginal
lesions caused by herpes simplex virus type 2 in mice: involvement of
antioxidant and anti-inflammatory mechanisms

Gliubia Sartori', Ana Paula Pesarico', Simone Pinton', Fernando Dobrachinski', Silvane Souza Roman',

Fernanda Pauletto?, Luiz Carlos Rodrigues Junior® and Marina Prigol' *

'Laboratério de Sintese, Reatividade e Avaliagdo Farmacoligica e Toxicoldgica de Organocalcogénios, Centro de Ciéncias Naturais e
Exatas, Universidade Federal de Santa Maria, Santa Maria, RS Brazil
“Laboratirio de Biologia Molecular e Cultivo de Células, Centro Universitdrio Franciscano, Santa Maria, RS, Brazil

Propolis has been highlighted for is antioxidant, anti-inflammatory and antiviral properties. The purpose of this study was to investigate if
brown Brazilian hydroalcoholic propolis extract (HPE) protects against vaginal lesions caused by h-:rpel; simplex virus type 2 (HSV-2) in
female BALB/c mice. The treatment was divided in 5 days of pre-treatment with HPE [50mg- kg ™', once a day, intragastric (i.g.)], HSV-2
infection [10pl of a solution 1 x 10° plaque-forming unit (PFU-ml™" HSV-2), intravaginal mm,ulamn at day 6] and post-treatment
with HPE (50mg-kg™") for 5days more. At day 11, the animals were killed, and the in vivo analysis (score of lesions) and ex vivo analysis
[haematological and histological evaluation; superoxide dismutase (SOD), catalase (CAT) and myeloperoxidase (MPO) activities; reactive
species (RS), tyrosine nitration levels, non-proiein thiols (NPSH) and ascorbic acid (AA) levels] were carried out. HPE treatment reduced
extravaginal lesions and the histological damage caused by HSV-2 infection in vaginal tssues of animals. HPE was able o decrease RS, tyro-
sine nitration, AA levels and MPO activity. Also, it protected against the inhibition of CAT activity in vaginal tissues of mice. HPE promoted
protective effect on HSV-2 infected animals by acting on inflammatory and oxidative processes, and this effect probably is caused by its anti-
oxidant and anti-inflammatory properties. Copyright © 2011 John Wiley & Sons, Lid.

KEY woORDS—HSV-2; hempes; propolis; antioxidant; anti-inflammatory

INTRODUCTION The antiviral activity is e\F&ully dgdll'l.\l influenza,'' human

lrnmun(xieﬁclency virus,”* adenovirus,"”? respirtory tract

Propolis is a natural bee produ(,t originated from various
pLLnt sources. It has been used in folk medicine for a long
time.' The raw propolis mainly consists of resins (40—
55%), bee waxes and fatty acids (20-35%), essential oils
(about 10%), pollen (about 5%), minerals, vitamins and
some other components such as polyphenols (flavonoids,
phenolic acids and their esters), terpenoids, steroids and
amino acids. The chemical components of propolis are
quantitatively and qualitatively variable, depending on the
geographical region, vegetation, collection time and type
of bees.™ The color is dependent on its origin and may vary
from dark brown to red brown, passing through a green
color, and odor could vary from one sample to another;
others may not present it.”

It is well known that propolis has @ large spectrum of bio-
logical propertle\ such as mlloxldml e dﬂhbrj{,tﬁﬂdl antiin-
flammatory,” neuroprotective,” anticancer * and antiviral '’

*Correspondence to: Marina Prigol, Departamento de Quimica, Centro de
Ciéncias Naturais e Exatas, Universidade Federal de Santa Maria, 97105900,
Santa Maria, RS, Brazil. E-mail: marinaprigol @ mail.ufsm.br

Copyright © 2011 John Wiley & Sons, Ltd.

infections,'* herpes simplex virus type 1 (HSV-1) and type 2
(HSV-2)."

Herpes simplex virus type 2 is a sexually transmitted
pathogen infecting human genital tract mucosa and is the
most common cause of genital ulcer disease in humans.
HSV-2 infects the genital epithelium and can, following va-
ginal replication, be transmitted to the nervous system via
Llplr.lklf: and retrograde transport in sensory neurons. The
virus may establish latency in lurnbo&d(,ml nerves and can
therefore give rise to lifelong infection.'® The symptoms of
initial genital HSV-2 infection are poorly characterized:
patients usually present signals several days after the infec-
tion. Herpetic lesions are characterized by erythematous
papules, ulcers typically superficial with an erythematous
outline and a greyish base, which are intensely painful,
mainly during primary infection."’

Some studies have demonstrated that both herpes virus
(HSV-1 and HSV-2) induce production of proinflammatory
mediators, recruitment and activation of phagocytic macro-
phages and neutrophils, and induction of rapid and robust
production of reactive oxygen species (ROS), which
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facilitate damage to the invading pathogens. These factors
also can cause irreparable harm through bystander damage
to crucial host cells.'® Indeed, studies have reported an in-
crease in inflammatory mediators and ROS formation during
HSV-1 brain infection and their association with tissue dam-
age and neurotoxicity associated with herpes encephalitis.'”

Based on the considerations mentioned, the aim of the
present study was to investigate the antioxidant and anti-
inflammatory effects of brown Brazilian hydroalcoholic
propolis extract (HPE) against acute vaginal lesions caused
by HSV-2 in female mice.

MATERIALS AND METHODS

Chemicals

The reagents thiobarbituric acid (TBA), dichloroflouresceine
diacetate (DCFH-DA), N,N,N" N’-tetramethylbenzdine, hexa-
decyltimethylammonium bromide, p-dimethylaminobenzal-
dehyde, epinephrine, dinitrophenyl hydrazine, Ellman’s
reagent (DTNB), 3-nitrotyrosine (3-NT) and tyrosine were
purchased from Sigma (St. Louis, MO). All other chemi-
cals were obtained of analytical grade or from standard
commercial suppliers. HPE was prepared in our laboratory
according to the methodology below described.

HPE preparation

The propolis produced by Apis mellifera L. bees was collected
in mid-JTanuary to February at Santa Flora City (RS-Brazil),
and then, 300 g were subjected to hot extraction by Soxhlet
apparatus using about 1000ml of 70% ethanol. Afterward, it
was concentrated in rotary evaporator at low pressure, obtain-
ing the dry extract. HPE was diluted in a hydmalmhdu, solu-
tion (95:5) to be given to the animals (5() mgkg ™). The dose
of 50mg-kg™ was chosen based on previous study *” and on
a pilot study carried out in our laboratory.

Determination of total phenolic and flavonoid contents

The determination of phenolic compounds was based on the
Folin—Ciocateau using gallic acid as standard.*' HPE sam-
ple (200 pl, diluted 1:10) was added in test tubes containing
1000 pl of folin and 800 ul of 7-5% calcium carbonate; the
same procedure was performed for the standard. Readings
were taken after 2h in the dark on a spectrophotometer
UV/VIS using a wavelength of 765 nm. Total phenolic con-
tent was expressed as mg of gallic acid per g of HPE.

To determine flavonoid content, quercetin was used as
standard. HPE samples were diluted 1:10 in water. An ali-
quot of the sample (-5 ml) was transferred to a test tube
and was added 4-3 ml of 80% ethanol, 0-1 ml of aluminum
nitrate at 10% and 0-1ml of potassium acetate 1mol-I"",
After 40min of rest under the light, readings were made
on a spectrophotometer UV/VIS using a wavelength of
415nm. Blank tubes without the addition of aluminum ni-
trate were used in the same conditions. Total flavonoids con-
tent was expressed as mg of quercetin per g of HPE.*

Copyright © 2011 John Wiley & Sons. Ltd.

Animals

Female adult BALB/c mice (20-25 g) from our own breed-
ing colony were used. The animals were kept on a separate
animal room, on a 12-h light/dark cycle, at a room
temperature of 22 £2°C, with free access to food (Guabi,
RS, Brazil) and water. The animals were used according to
the guidelines of the Committee on Care and Use of Experi-
mental Animal Resources, the Federal University of Santa
Maria, Brazil. All efforts were made to minimize animal suf-
fering, to reduce the number of animals used.

Virus production and titration

The HSV-2 strain 333 was produced in Affican green monkey
kidney (Vero) host cells. The cells were grownin 1X Dulbecco’s
modified Eagle’s minimal essential medium (DMEM)
supplemented with 10% fetal bovine serum in incubator with
5% CO; and temperature of 37°C. The cells at the stage of
monolayer were infected with HSV-2 (0.01 PFU per 100
cells) for a period of 3h in DMEM without serum, after the
medium was replaced by DMEM 1X with 10% fetal calf
serum and culture incubated at sterilizer. After 72 h, the virus
was extracted by freezing and thawing immediately. The viral
extract was aliquoted and stored in a freezer at —80°C. For
titration, duplicate 200-ul aliquots of dilutions of each sample
were plated on Vero cells grown to confluence in 24-well plates
at 37 °C in 5% CO: for 1 h 30 min. Medium was aspirated, and
50ul of 2x DMEM plus 1% low-melting point agarose was
added to each well. Titers were calculated as log,g PFU-mI™' =

In vivo experiments

Virus infection. Mice were anaesthetized with ketamine
(150 mg-kg™") and xylazine (10mg-kg™") injected intraperi-
toneally (ip.) and inoculated intravaginally by scratching
small areas of the Hkll‘l with the needle of a syringe contain-
ing 1x 10* PFU-mI™" of HSV-2 in a 10-pl volume. The
dose between 2x 107 and 3 x 10 PFU-mI"' is normally
used to induce lesions with HSV-2 333> However, a
standardization of the dose was necessary because we
needed that the infected mice were alive, even with lesions,
for lon spﬂ'lods to conduct the analyses. We tested 1 x 107,
2%10%, 3% 107 and 1 x 10°, and the lowest dose produced
better results for our mouse model.

Experimental protocol. The animals were divided into four
groups: group I, control (n= 4),group II, HSV-2-infected mice
(n=8). group I, HPE {50 mg-kg " Hreated mice (n=5) and
group IV, HPE (50 mg: kg™ Hreated and HSV-2-infected mice
(n=5). Five days prior to infection with HSV-2, all groups
were pre-treated per oral route by gavage once a da ay. Groups
I and I received hydroalcoholic wluhon (10ml-kg™), groups
I and IV received HPE (50 mg-kg™). At day 5, mice of
groups IT and IV were submitted to HSV-2 infection according
to the above-mentioned item. Groups I and IIl were submitted
to the same procedure but were not infected with HSV-2. All
groups were submitted to vehicle or HPE (50mg-kg™) treat-
ment for more than 5 days after HSV-2 infection.

Cell Biochem Funci 2012; 30: 1-10.



24

PROTECTIVE EFFECT OF BROWN BRAZILIAN PROPOLIS 3

At day 11, extravaginal lesions were recorded for each
animal and scored according to a six-point scale as follows:
O—no sign of infection, 1—slight genital erythema and
edema, 2—moderate genital inflammation, 3—severe exu-
dative genital lesions, 4—hind limb paralysis and S—death.”
Three mice of HSV-2 group died between the fourth and
fifth day after HSV-2 infection and have not been
included in ex vive experiments. Afterwards, all mice were
anesthetized for blood collection by heart puncture for
haematological analysis. Then, they were killed by cervical
dislocation, and the vaginal tissues were removed for ex vive
experiments (histopathology and biochemical anal ysis).

Ex vivo experiments

Tissue preparation (51). Vaginal tissue was immediately
homogenized in cold S0mmol-1™" of Trs—HC, pH 7-4 (1/10,
wiv). The low-speed supernatant (S1) was used to determine
reactive species (RS), 3-nitrotyrosine (3-NT), non-protein
thiols (NPSH) and ascorbic acid (AA) levels: superoxide dis-
mutase (SOD) and catalase (CAT) activities.

RS levels. To estimate the level of tissue homogenate RS
production, an aliquot of S1 (10pl) was incubated with
10 of 2',7-dichlorofluorescein diacetate (DCHF-DA:1
mmol.1™"). The RS levels were determined by a spectro-
fluorimetric method. The oxidation of DCHE-DA to fluores-
cent dichlorofluorescein (DCF) is measured for the detection
of intracellular RS. The DCF fluorescence intensity emis-
sion was recorded at 520nm (with 480-nm excitation)
30 mun after the addition of DCHE-DA to the medium. RS

levels were expressed as units of fluorescence (UF).*®

Tyrosine nitration levels. Determination of 3-nitrotyrosine
(3-NT) and tyrosine was performed by High-performance
liquid chrornalogn#phy coupled to ultraviolet (HPLC-UV)
detection method.”” Briefly, S1 aliquots of each sample were
hydrolysed in HCI (12N 1:1 v/v) at 60 °C for 24 h. Digested
samples were filtered through a membrane (0.45-um pore
size) Millipore™ before injection on to the HPLC instrument.
Samples were analysed on a Shimadzu®™ HPLC apparatus.
The analytical column was a 5-pm-pore size Spherisorb
0ODS-2C g reverse-phase column (4.6 = 250 mm). The mo-
bile phase was 50 mmol-1™" of sodium acetate, 50 mmol-I"'
of sodium citrate and 8% (v/v) methanol, pH 3-1 (corrected
with HCl 12N). HPLC analysis was performed under
isocratic conditions at a flow rate of 1 ml-min™' and UV de-
tector set at 274 nm. Tyrosine nitration levels were expressed
as 3-NT (pmol‘l_')flymsine {(umol-17).

NPSH levels. To determine NPSH, S1 was mixed (1:1)
with 10% trichloroacetic acid. After the centrifugation,
the protein pellet was discarded, and free SH groups were
determined in the clear supemnatant. An aliquot of super-
natant was added in 1 mol-I"" of potassium phosphate buf-
fer, pH 7-4, and 10mmol1™" of DTNB.*® The color
reaction was measured at 412nm. NPSH levels were
expressed as mmol g”' tissue.

Copyright @ 2011 John Wiley & Sons, Ltd.

AA levels. S1 was precipitated in 10 volumes of a cold 4%
trichloroacetic acid solution.”” An aliquot of its supernatant
at a final volume of 1ml of the solution was incubated for
3h at 38°C, then 1ml of H,SO; 65% (v/v) was added to
the medium. The reaction product was determined using a
color reagent containing 4.5 mg-ml™" of dinitrophenyl hy-
drazine and CuSO, (0:075 rng‘rnl_') at 520 nm. The content
of AA is related to tissue amount (pmol AA/g wet tissue).

SOD activity

Superoxide dismutase activity was assayed spectrophoto-
metrically and based on the capacity of SOD to inhibit au-
toxidation of epinephrine to adrenochrome. Enzymatic
reaction was initiated by adding an S1 aliquot (150 pl) of
the homogenized tissue and the substrate (epinephrine) to
a concentration of 4mmol-I"" in a medium containing
50 mmol-I" of bicarbonate buffer, pH 10-3. The color reac-
tion was measured at 480nm. One unit of enzyme was
defined as the amount of enzyme required to inhibit the rate
of epinephrine autoxidation by 50% at 26 °C.*"

CAT activity. Catalase activity was assayed spectrophoto-
metrically, which involves monitoring the disappearance of
H,0; in the homogenate at 240 nm. Enzymatic reaction was
initiated by adding an aliquot of 20 pl of S1 and the substrate
(H,0-) to a concentration of 0.3mmolI™" in a medium con-
taining 50mmol-1"" of phosphate buffer, pH 7-0. The enzy-
matic activity was expressed in Units (one Unit decomposes
1 pmol of H,O, per min at pH 7 at 25°C)/mg protein.

Myeloperoxidase activity

The vaginal tissues were homogenized in potassium phos-
phate buffer (20mmol-17", pH 7-4) containing ethylenedi-
aminetetraacetic acid (0.1 mmol-I'"). After the homogenization,
the samples were centrifuged at 2000g at 4°C for 10min
to yield a low-speed supematant fraction (S2). Then, the §2
fraction was centrifuged again at 20000 g at 4°C for 15 min
to yield a final pellet that was resuspended in potassium
phosphate buffer (30 mmol-1"', pH 6-0) containing hexadecyl
trimethyl ammonium bromide (0.5%). The samples were
finally frozen and thawed three times for the posterior enzy-
matic myeloperoxidase (MPO) assay. Besides, aliquots of
vaginal tissue pm]:?rjumlions were frozen (—20°C) for 1-week
posterior analysis.™

For the MPO activity measurement, an aliquot of $2
(20 pl)y was added to a medium containing potassium phos-
phate buffer (50 mmol- l";pH 6-0)), hexadecyl trimethyl ammo-
mum bromide (0-5%) and NNN’N'-tetramethylbenzidine
(1-5 mmol-1™"). The kinetic analysis of MPO was started
after H,05 (0-01%) addition, and the color reaction was
measured at 655nm at 37°C. Results are expressed as
mmol MPO/mg of protein.

Haematological parameters. Haematological parameters
(total leukocytes, neutrophils and lymphocytes) were deter-
mined in MICROS 60 (HORIBA ABX Diagnostics)
equipment.

Cell Biochem Funct 2012; 30: 1-110.
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Histopathology. Three mice per group were subjected to a
detailed necropsy evaluation. Small pieces of vaginal tissue
from individual mice were fixed in 10% buffered formalin so-
lution for 24 h after they were dehydrated in ethanol, cleared
in xylene and embedded in paraffin. Serial sections of 4 pum in
thickness were cut and stained with haematoxylin and eosin,
and evaluated under light microscopy. The sections were ana-
lysed by a histwologist who was not aware of sample assign-
ment to experimental groups. Only qualitative histology was
performed. The morphological changes in the layers of the
epidermis and the loose and dense connective tissue in the
dermis were observed. The histological features in injury of
skin were as follows: granulation tissue, vascular congestion,
haemorrhage and neutrophil leukocyte infiltration. Decidual
morphology was assessed using light microscopy.

Protein quantification. Protein concentration was measured
. . - 33
using bovine serum albumin as the standard.

Statistical analysis

Statistical analysis of data was performed using a two-way
analysis of variance (ANOV A), followed by post hoc com-
parisons using the Newman—Keuls multiple range test when
appropriate. Main effects are presented only when the sec-
ond-order interaction was not significant. Experiments were
expressed as means £ standard error of the mean. Differ-
ences between groups were considered statistically signifi-
cant when P < 0-05.

RESULTS
Determination of total phenols and flavonoids contents

The total phenolic and flavonoid contents presented in the
HPE samples used in our study were 130 mg of gallic acid
equivalent per g of HPE and 12-4 mg of quercetin equivalent
per g of HPE, respectively.

Extravaginal lesions

Two-way ANOVA showed a significant main effect of
HSV-2 infection (F1, 18y=22-12; P < (0-0002) in vaginal tis-
sues of mice. Post hoc comparisons showed that HSV-2 sig-
nificantly increased the lesions of score means. Treatment
with HPE protected against the increase in the lesion score
means induced by HSV-2 infection. Animals of control
and HPE groups did not present infection. Three mice of
HSV-2 group died between the fourth and fifth day after
HSV-2 infection and have not been included in ex vive
experiments (Table 1).

RS levels

Two-way ANOVA of RS levels revealed a significant HSV-
2 xHSV-2+HPE interaction (F;; ;3,=35-07: P < 0-0422).
FPost hoc comparisons showed that HSV-2 significantly
increased RS levels in vaginal tissues of mice when com-
pared with the control group. Treatment with HPE protected

Copyright © 2011 John Wiley & Sons, Lid.

Table 1. Effect of weatment with hydroalcoholic propolis extract on
extravaginal lesions caused by herpes simplex virus type 2 in female mice

Groups Score means®
Control NS
HPE NS
HSV-2 325 £0-559*
HSV-2+HPE 1.4 £0-509

Data are reported as mean + standard error of the mean (n =4-8) and were
analysed using two-way analysis of variance, followed by Newman-Keuls
test when appropriated. *Denotes P < 005 as compared with the control
group. ‘N§°, animals which did not present infection.

HPE, hydroalcoholic propolis extract; HSV-2, herpes simplex virus type 2.
*Score means of extravaginal lesions observed at day 11 of experiment.

against the increase of RS levels in vaginal tissues caused by
HSV-2 in mice. RS levels were not altered in uninfected
mice treated with HPE (Figure 1).

Tyrosine nitration levels

Two-way ANOVA of tyrosine nitration levels showed a sig-
nificant HSV-2 x HSV-2 + HPE interaction (F;;_ ;3,=20-80;
P < 0-0070). Post hoc comparisons showed that HSV-2 sig-
nificantly increased tyrosine nitration levels in vaginal tis-
sues of mice when compared with the control group.
Treatment with HPE significantly protected against the in-
crease of tyrosine nitration levels in vaginal tissues of mice
caused by HSV-2 infection. HPE administration in unin-
fected mice caused a decrease of tyrosine nitration levels
per se (Figure 2).

NPSH levels

Non-protein thiol levels were not altered in vaginal tissues
of mice from all groups tested (data not shown).
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Figure 1. Effect of reatment with hydroalcoholic propolis extract (HPE)
at the dose of 50mg-kg™' on reactive species (RS) levels in vaginal tissues
of female mice infected with herpes simplex virus type 2 (HSV-2). Data are
reported as mean + standard error of the mean (SEM) (n=4-5) and were
analysed using two-way analysis of variance (ANOVA) followed by
Newman-Keuls test when appropriate. Results are expressed as UF.
*Denotes P< 005 as compared with all other groups. Abbreviations:
Control, control group: HSV-2, HSV-2-infected group: HPE, HPE-treated
group; HSV-2+ HPE, HSV-2-infected and HPE-treated group

Cell Biochem Funct 2012; 30: 1-10.
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Figure 2.  Effect of treatment with HPE at the dose of 50mg-kg ™' on tyro-
sine nitration levels in vaginal tissues of female mice infected with HSV-2.
Data are reported as mean = SEM (n=4-5) and were analysed using two-
way ANDVA, followed by Newman-Keuls test when appropriate. Results
are expressed as 3-nitrotyrosine (pmol.l '}.I‘tymsine (pmol -1 'y (3-NT/T).
*Denotes P< 005 as compared with all other groups. “Denotes P < 0.05
as compared with the contrel group

AA levels

Two-way ANOVA of AA levels revealed a significant
HSV-2 x HSV-2 +HPE interaction (F;; 15,=5-49; P < (0:0333).
Post hoc comparisons showed that HSV-2 significantly
increased AA levels in vaginal tissues of mice when compared
with the control group. Treatment with HPE protected against
the increase of AA levels in vaginal tissues caused by HSV-2
in mice (Figure 3).

SOD activity

Superoxide dismutase activity was not altered in vaginal
tissues of mice from all groups tested (data not shown).
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Figure 3. Effect of weatment with HPE at the dose of 50mg-kg™' on as-
corbic acid (AA) levels in vaginal tissues of female mice infected with
HSV-2. Data are reported as mean = SEM (r=4-5) and were analysed
using two-way ANOVA, followed by Newman-Keuls test when appropri-
ate. Results are expressed as pmol of AA per g of wet tissue. *Denotes
P <2005 as compared with all other groups

Copyright © 2011 John Wiley & Sons, Ltd.

CAT activity

Two-way ANOVA showed a significant main effect of
HSV-2 infection (F(_ 15,=16-70; P < 0-001) and HPE treat-
ment (F; 5,=5-51; P < 0-0330) on CAT activity. Post hoc
comparisons revealed that the HSV-2 infected group had an
inhibition of CAT activity. HPE treatment was effective in
protecting against the inhibition of CAT activity induced
by HSV-2 infection to control levels (Figure 4).

MPO activity

Two-way ANOVA of MPO activity yielded a significant HSV-
2 x HSV-2+HPE interaction (F; ,5=18-21; P < 0-0007).
Post hoc comparsons showed that HSV-2 significantly
increased MPO activity in vaginal tissues of mice when
compared with the control group. Treatment with HPE
protected against the increase of MPO activity in vaginal
tissues caused by HSV-2 in mice. HPE administration in
uninfected mice did not show effect per se (Figure 5).

Haematological parameters

Two-way ANOVA of total leukocytes [white blood cell
(WBC)] showed a significant main effect of HSV-2 infection
(F“. 13y=932; P<0-0092) and HPE treatment (F 13
=7-11; P<0:0193). Post hoc comparisons showed that
HSV-2 significantly increased WBC levels in blood samples
of mice when compared with the control group. Treatment
with HPE protected againstthe increase of WBC in blood sam-
ples caused by HSV-2 infection in mice (Figure 6A). HPE
treatment in uminfected mice did not demonstrate effect per se.

Two-way ANOVA of neutrophils yielded a significant
HSV-2 x HSV-2 + HPE interaction (Fjj_ 13 =6-19; P < (:0272).
Past hoc comparisons showed that HSV-2 significantly
increased neutrophils in blood samples of mice when com-
pared with the control group. Treatment with HPE protected
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Figure4. Effectof reatment with HPE at the dose of 50 mg-kg ™ on cata-
lase activity in vaginal tissues of female mice infected with HSV-2. Data are
reported as mean =SEM (n=4-5) and were analysed using two-way
ANOVA, followed by Newman-Keuls test when appropriate. Results are
expressed as U-mg Yof protein. *Denotes P < 0405 as compared with all
other groups

Cell Biochem Funct 2012; 30: 1-10.
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0.04 =

MPO activity (mmol/mg of protein)

Figure 5. Effect of rearment with HPE at the dose of 50mgkg ™" on mye-
loperoxidase activity in vaginal tissues of female mice infected with HSV-2.
Data are reported as mean + SEM (n=4-5) and were analysed using two-
way ANOVA followed by Newman-Keuls test when appropriate. Results
are expressed as mmol of MPO per mg of protein. *Denates P < 0,05 as
compared with all other groups
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Figure 6.  Effect of treatment with HPE at the dose of 50mg-kg ! on total
leukocytes (white blood cell) (6A) and neutrophils (6B) in blood samples of
female mice infected with HSV-2. Data are reported as mean+ SEM
(n=4-5) and were analysed using two-way ANOVA followed by New-
man-Keuls test when appropriate. Results are expressed as mm’ of WBC
per 10° (6A) and mm” of neutrophils per 107 (6B). *Denotes P < 0-05 as
compared with all other groups

Copyright © 2011 John Wiley & Sons, Lid.

against the increase of neutrophils in blood samples caused by
HSV-2 infection in mice (Figure 6B).

Lymphocytes were not altered in blood samples in all
groups tested (data not shown).

Histopathology

In the control group, the histological evaluation showed a
complete epithelialization in the epidermis. Note the loose
and dense connective tissue of the dermis of nomal aspect
with the presence of cutaneous annexes as sebaceous glands
(Figures 7A and 7B). The HSV-2-infected mice showed in-
tense dense and loose connective tissue disorganization with
marked leukocyte infiltration in the epidermis and dermis.
The absence of all layers of the epidermis compared with
the control was observed (Figures 7C and 7D). The treatment
with HPE reduced inflammation in both epidermis and der-
mis of animals infected with HSV-2 (Figures 7E and 7F).
The analysis demonstrated the presence of normal epitheliali-
zation without morphological alterations in the dermis. The
histopathologic data of mice from HPE-treated group were
similar to that of the control group (data not shown).

DISCUSSION

Propolis is an advantageous compound and its constituents,
mainly phenols and flavonoids, have been responsible for
several biological properties as anti-inflammatory and anti-
oxidant.” In this study, we report, for the first time, the pro-
tective effect of HPE treatment against acute vaginal lesions
induced by HSV-2 in female mice. It was observed that HPE
treatment reduced extravaginal lesions and tissue damage of
infected mice. We demonstrated that pro-inflammatory
(total leukocytes, neutrophils and MPO activity) and oxida-
tive stress (RS, tyrosine nitration, AA levels, MPO and CAT
activity) markers are involved in HSV-2 tissue damage and
that HPE protective effect is related to anti-inflammatory
and antioxidant processes.

Animals infected with HSV-2 had an increase in the ap-
pearance of visual sigmals in vaginal area such as swelling,
edema and inflammation. Additionally, 3 of 8 animals of
HSV-2 group were found dead before the end of treatment.
In fact, lesions in genital area are common in HSV-2 be-
cause the virus produces local replication infecting cell to
cell. Primary infections by HSV are usually intense due
to the lack of specific immunity. HSV obtains access to
the nervous system and follows a retrograde movement
along neuronal axons establishing latent infection in the
lumbosacral sensory ganglia.™ Therefore, may appear
lesions, inflammatory ulcerations and death.™ Our histo-
logical findings also are in accordance with the reports
above because we observed intense dense and loose con-
nective tissue disorganization with a marked leukocyte
infiltration in the epidermis and dermis of HSV-2 infected
mice.

The important point of this work is that HPE treatment
was effective in attenuating the extravaginal lesions, pre-
venting lesion progress and prolonging the life of the

Cell Biochem Funci 2012; 30: 1-10.
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Figure 7. Photomicrography of the section of vaginal tissue with a detail on the right of (7A, 7B) an animal in the control group showed complete epithelia-
lization in the epidermis. Note the loose (lo) and dense (de) connective tissue of the dermis of normal aspect. Note the presence of sebaceous glands (G). HSV-
Z-infected animal (7 C, 7D) showed an intense cellular infiltration (*) containing neutrophils and mononuclear cells in the epidermis and dermis. Observe the
absence of all layers of the epidermis (arrowhead ) HSV-2+ HPE group (7E, 7F) showing intense reduction of inflammatory cells in the epidermis and dermis
(*). Observe the presence of normal complete epithelialization (arrow) without morphological alierations in the dermis. Epidermis (E); Dermis (D). Haematoxy-

lin and eosin; original magnification, < 100 and = 400, respectively

animals. Furthermore, it was able to reduce inflammation in
both epidermis and dermis and to maintain a normal epithe-
lialization without morphological alterations in the dermis,
which is indicative of a decrease in viral infection. Concern-
ing other biological properties of propolis, its extracts
clearly have viricidal action. Amoros et al. (1992) investi-
gated the in vitro effect of propolis on several DNA and
RNA viruses including HSV 1 (an acyclovir resistant mu-
tant), HSV 2, adenovirus type 2, vesicular stomatitis virus
and poliovirus type 2.

The main bicactive compounds of propolis are phenolic
compounds, especially flavonoids and phenolic acids.™®"
For centuries, preparations containing these compounds as
the principal physiologically active constituents have been
used to treat human diseases.” The chemical composition
of HPE used in our study presented a great amount of total
phenols (130 mg- g_') and flavonoid (12-4 mg-g_—') contents.
These contents are similar to those observed by other
authors in HPE samples derived from the southeastern re-
gion of Brazil and in methanolic extracts of propolis from
Argentina.®" These works also displayed the antioxidant
and antibacterial activities of respective samples.

Our study demonstrated that HSV-2 infection increased
total leukocytes and neutrophils in the bloodstream of mice.

Copyright © 2011 John Wiley & Sons, Lid.

These, in turn, are related with inflammatory process in the
vaginal tissue caused by herpetic lesions. It was well charac-
terized by an increase in MPO activity and neutrophil infil-
tration in the vaginal tissue. The results showed that HPE
treatment attenuated virus infection through reduction of
total leukocytes and neutrophils in the bloodstream. How-
ever, lymphocytes were not altered. Our experimental model
was an acute HVS-2 infection, and an increase of lympho-
cytes was not expected. During HSV-2 genital infection,
the traffic of lymphocytes is mostly between vaginal epithe-
lial cell and iliac lymph nodes, and they do not come back to
the blood.*” In the initial infection of genital mucosal sur-
face, HSV-2 replicates primarily in the epithelium and in in-
nate cells including dendritic cells and natural killer cells
that become activated by viral structures.”’ Neutrophils are
early and predominant innate immune cells that infiltrate
the genital tract and contribute towards the resolution of
HSV-2.*%** The migration of neutrophils is mediated by
cytokines and chemokines (CXCL-1) released from epithe-
lial cells during infection.** Previous studies have shown
that oral treatment with propolis reduces the viral attachment
to cell surface and, consequently, the infection.”® Then, in
our study, we showed that animals previously treated with
HPE were more resistant to the development of HSV-2

Cell Biochem Funci 2012; 30: 1-10,
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lesions and probably did not produce enough mediators for
neutrophil activation or migration as did untreated infected
mice. In fact, neutrophils are one of the mainly participants
of the immunity against HSV infection.®

Another important finding observed is that HPE treatment
protected against the increase of MPO activity caused by
HSV-2 infection, probably because of its constituents such
as phenolic compounds quantified in our study. The de-
crease of MPO activity also may corroborate with the de-
crease on neutrophils, given that this pro-inflammatory
enzyme can reflect the activation of neutrophils at the site
of injury. In this context, we can suggest that MPO activity
is a probable mechanism involved in the anti-inflammatory
effect of HPE in this model.* Authors demonstrated that
propolis treatment normalizes inflammatory infiltrates con-
sistent with the ability to inhibit MPO activity in mice
skin.*® Moreover, other studies suggested that propolis has
anti-inflammatory effects via inhibiting the release of prosta-
glandins, leukotrienes and histamine *7 or via inhibition of
the release of arachidonic acid from cell membranes and
suppression of COX-1 and COX-2 enzyme activities.***"

The present results showed the involvement of oxidative
stress 1n tissue injury induced by HSV-2 in female mice. It
is characterized by an increase of RS, 3-NT and AA levels
and by an inhibition in CAT activity. Itis known that under
inflammatory conditions, free radicals including ROS and
reactive nitrogen species (RNS) are generated from inflam-
matory and epithelial cells.”® Also, it is well documented
that viral multiplication stimulates intracellular redox pro-
cesses. Stimulation of the redox processes, in tumn, pro-
motes the production of various free radicals, which have
a noxious influence on cell viability. Furthermore, we
observed a notable increase of neutrophil infiltration into
the vaginal mucosa of mice infected with HSV-2. The neu-
trophil cells also contribute to the production of ROS via
activation of their nicotinamide adenine dinucleotide phos-
phate oxidase and secretion of myeloperoxidase into extra-
cellular space.™

It was observed that HPE treatment was able to protect
against tyrosine nitration, and we suppose that this protec-
tion is caused by its antioxidant properties. In this way, sev-
eral authors demonstrate that some constituents present
in propolis like flavonoids have important antioxidant
function,” which m;?' s!:»ro\f"ldf'_ efficient peroxynitrite (ONOO™)
scavenger activity.™ HSV-2 infection increased tyrosine
nitration levels in vaginal tissues of female mice. This
effect is probably caused by the inflammatory response
associated with HSV-2 infection. Nitration of proteins rep-
resent key biologically relevant redox signaling and
injury events. These processes involve the participation
of nitric oxide-derived species (RNS) such as ONOO™
and nitrogen dioxide (NO,) generated during oxidative
and nitrative stress. ONOO™ is a highly reactive product
of the reaction between superoxide anion (03°) and nitric
oxide (NOr). Different cells, such as neutrophils and acti-
vated macrophages, produce significant quantities of O3~
and NO during the inflammatory response, and these cells
may be the major sources of peroxynitrite.

Copyright © 2011 John Wiley & Sons, Ltd.

Hydroalcoholic propolis extract showed a protective ef-
fect against oxidative stress because of decreased RS levels
in vaginal tissues of HSV-2-infected mice. This effect also is
attributed to flavonoids because scavengers of free radicals ™
could attenuate the oxidative stress, determined by oxy-
gen free radicals, and consequently, promote an antiviral
protection.”® In line with the oxidative stress hypathesis,
antioxidant molecules, such as CAT and AA, are involved
in several infection processes.” CAT is a potent protec-
tive enzyme that metabolizes the excess of H;O, produc-
ing O,+H,0, decreasing the intracellular redox status.
We found in this work a decrease of CAT activity in vaginal
tissues of mice after HSV-2 infection, and propolis was able
to protect this effect. Our results demonstrated an increase of
AA, another antioxidant molecule, in HSV-2-infected group
that probably occur by high levels of oxidative stress. HPE
administration reduced the AA levels similar to the control
group by the absence of the excessive oxidative stress. SOD
activity and NPSH levels were not altered in our study: prob-
ably, they are not directly involved in HSV-2 infection.

The different properties from propolis are caused by a
natural mixture of constituents like flavonoids, especially
galangin and caffeic acid phenethyl ester (CAPE) because
a single propolis constituent does not have an activity
areater than that of the total extract.® The anti-inflammatory
and antioxidant activities of propolis observed in our experi-
ment probably can be caused by the presence of a mixture of
constituents. Several investigations have pointed out that
galangin (a type of flavonoid) has shown to inhibit cycloox-
ygenase (COX) and lipooxygenase activity. Furthermore, it
has been reported that CAPE, another component of prop-
olis, possesses anti-inflammatory activity by inhibiting the
release of arachidonic acid from the cell membrane.”

Concerning our results on histological and biochemical
data, the HSV-2 infection has a relationship with changes
on inflammatory and oxidative markers, evidenced by an in-
crease on neutrophil infiltration, MPO activity, RS, tyrosine
nitration and AA levels and a decrease in CAT activity.
Thus, it is possible that the effect of HPE is caused by its
anti-inflammatory and antioxidant properties. However, we
do not exclude the possibility of propolis to be protecting
from HSV-2 infection by having antiviral properties. A re-
cent study in vitre revealed that the addition of propolis ex-
tract to a cell culture 2h before or at the time of viral
infection completely blocked the development of the viral
infection. The effect could be the result of blocking by prop-
olis of the cell membrane receptors for HSV, where propolis
interact with the cell membrane and could block the penetra-
tion of viral particles into the cells and/or could induce in-
ternal changes inside the host cells, which would in tumn
affect the virus replication cycle.”™®

Based on the above considerations, we conclude that the
protective effect of HPE in this model is caused by a com-
bination of effects. HPE revealed a reduction of the inflam-
matory damage and oxidative stress at the infected vaginal
region, proving its anti-inflammatory and antioxidant
actions in HSV-2 infected mice. These actions are probably
caused by phenolic compounds, especially flavonoids

Cell Biochem Funct 2012; 30: 1-10.



PROTECTIVE EFFECT OF BROWN

present in HPE. This indicates that propolis could be an
important natural altemnative therapy against infections
caused by HSV-2.
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4 CONCLUSAO

Os resultados apresentados nesta dissertacdo permitem concluir que o EHP
apresenta acdo protetora através de uma combinacdo de efeitos como a redugdo da
inflamacdo e do estresse oxidativo no local da infeccdao por HSV-2, revelando assim
propriedades antiinflamatoria e antioxidante. Desta forma, considerando o aumento da
resisténcia de drogas frente ao tratamento de infec¢des causadas por HSV-2, o estudo de
novas terapias como o uso do propolis torna-se indispensavel ja que pode contribuir de

alguma forma na prevencdo desta patologia.
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5 PERSPECTIVAS

Tendo em vista os resultados obtidos com esse trabalho, as perspectivas para

trabalhos posteriores sdo:

Identificar os principais constituintes do EHP;

Avaliar o efeito antiviral do EHP;

Avaliar o efeito imunomodulador do EHP;

Avaliar quais os mecanismos que podem estar envolvidos no efeito do EHP;

Testar outros compostos com este modelo de infec¢ao.
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