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RESUMO

FISCHER, Geferson. Avaliacdo da Capacidade Imunomoduladora de Extratos de
Préopolis Verde em Animais Vacinados com Herpesvirus Suino Tipo 1 (SuHV-1)
ou Herpesvirus Bovino tipo 5 BoHV-5). 2007. 76f. Tese (Doutorado) — Programa
de PoOs-Graduacdo em Biotecnologia Agricola. Universidade Federal de Pelotas,
Pelotas. Orientador: Telmo Vidor. Co-orientador: Niraldo Paulino.

A formulac&o de vacinas frequentemente requer o uso de adjuvantes que prolongam
ou potencializam as respostas imunes humoral e/ou celular. Atualmente, muitas
vacinas sao formuladas a partir de substancias como o hidroxido de aluminio ou
emulsdes oleosas, especificas para uso veterinario. Contudo, tem sido crescente o
interesse pela avaliacdo de substancias naturais com potencial adjuvante, como 0s
extratos derivados de plantas. A propolis, produzida pelas abelhas a partir de
exsudatos coletados de plantas, tem despertado o interesse de pesquisadores em
funcdo das inumeras propriedades bioativas relatadas, como acao antiviral,
antiinflamatéria e antitumoral. Além disso, apesar de desconhecidos muitos dos
mecanismos de acdo, a propolis apresenta atividade sobre o sistema imune. O
objetivo deste estudo foi avaliar a capacidade imunomoduladora de um extrato
etandlico da prépolis verde brasileira, quando utilizado como adjuvante em vacinas
inativadas contra o herpesvirus suino tipo 1 (SuHV-1) ou herpesvirus bovino tipo 5
(BoHV-5). A adicdo de 5 mg/dose do extrato a uma vacina com hidroxido de
aluminio contra o SuHV-1 incrementou a resposta imune humoral de camundongos,
guando comparado com a mesma vacina sem propolis (P<0,01). Este efeito foi mais
evidente quando a vacina foi diluida (1:4 e 1:8), podendo-se observar um aumento
no titulo de anticorpos neutralizantes, expresso em log», que passou de 3 para 4,48
e de 2,18 para 4,48, respectivamente, sugerindo que quanto menor a massa
antigénica ou menos imunogénico o antigeno, mais pronunciado é o efeito adjuvante
da prépolis. Quando a propolis bi utilizada isoladamente com o antigeno, nao foi
observado aumento no titulo de anticorpos neutralizantes, determinado por
soroneutralizacdo. Além de incrementar a resposta imune humoral, o uso da prépolis
também aumentou a resposta celular, elevando a sintese de mMRNA de IFN-? nos
esplendcitos dos camundongos, mensurada pela técnica de RT-PCR. Este aumento
foi observado inclusive no grupo de animais imunizados somente com antigeno e
propolis, contrariando os resultados da resposta humoral. O efeito adjuvante da
prépolis foi evidenciado também quando camundongos foram desafiados com 31,6
doses letais do SuHV-1, 21 apo0s a segunda inoculacdo. A adi¢cdo da prépolis a
vacina com hidroxido de aluminio aumentou o percentual de animais protegidos,
especialmente nas maiores diluicbes, em comparacdo a vacina sem propolis.
Resultado semelhante foi observado no grupo de animas vacinados somente com
prépolis e antigeno. A associacdo de 40 mg/dose do extrato etandlico de propolis
verde a vacina oleosa contra BoHV-5 aumentou o titulo de anticorpos neutralizantes
de bovinos (P<0,01), quando comparado a vacina sem prépolis. Trinta dias apos a



segunda vacinacao, o titulo passou de 35 para 54 e aumentou de 43 para 67, trinta
dias ap6s a terceira vacinacdo. Além disso, houve aumento no percentual de
animais com titulos elevados, acima de 32. A inclusdo de 20 mg/dose do extrato ndo
alterou a resposta humoral. A analise cromatografica da propolis por HPLC revelou
altos niveis de compostos fendlicos como o artepilin C e derivados do &cido
cinamico, que podem ter sido as principais substancias com acéo sobre o sistema
imunoldgico. Portanto, o extrato etandlico de propolis verde atuou como uma
substancia adjuvante, incrementando as respostas imunes humoral e celular em
camundongos e humoral em bovinos, melhorando a eficiéncia das vacinas
experimentais.

Palavras-chave: prépolis, sistema imunolégico, imunomodulacao, adjuvante



ABSTRACT

FISCHER, Geferson. Evaluation of the immunomodulator activity of green
propolis extract in animals vaccinated with swine herpesvirus type 1
(SuHV-1) or bovine herpesvirus type 5 (BoHV-5). 2007. 76f. Tese (Doutorado) —
Programa de Pé6s-Graduacdo em Biotecnologia Agricola. Universidade Federal de
Pelotas, Pelotas. Adviser: Telmo Vidor. Co-adviser: Niraldo Paulino.

Vaccine formulation often requires the use of adjuvants which enhance or potentiate
humoral and/or cellular responses. Nowadays, many vaccines are formulated with
substances such as aluminum hydroxide or oily emulsions, specific for veterinary
use. However, the interest on the evaluation of natural substances with adjuvant
potential like plant extracts has grown. Propolis produced by honey bees from
exudates collected from plants has call the attention of researchers due to several
bioactive properties reported, such as antiviral, antiinflamatory and antitumoral
action. In addition, although the mechanism of action remains unknown, propolis
presents activity on the immune system. The aim of this study was to evaluate the
immunomodulator activity of an ethanolic extract of Brazilian green propolis, when
used as adjuvant in inactivated vaccines against swine herpesvirus type 1 (SuHV-1)
or bovine herpesvirus type 5 (BoHV-5). The addition of 5 mg/dose of the extract to a
vaccine with aluminum hydroxide against SuHV-1 increased the humoral immune
response of mice, when compared to the same vaccine without propolis (P<0,01).
This effect was more evident when the vaccine was diluted (1:4 and 1:8). The raise in
neutralizing antibodies titer, expressed in log,, went from 3 to 4.48 and 2.18 to 4.48,
respectively, suggesting that the smaller the antigenic mass or less immunogenic the
antigen, more pronounced is the adjuvant effect of propolis. When propolis was used
on its own with the antigen, an increase in the titer of neutralizing antibodies
determined by seroneutralization was not observed. Besides increasing the humoral
immune response, the use of propolis also increased the cellular response,
increasing mMRNA synthesis of IFN-? in mice splenocytes, neasured by RT-PCR.
This increase was also observed in the group of animals immunized only with antigen
and propolis, unlike the effect observed on the humoral response. The adjuvant
effect of propolis was also demonstrated when mice were challenged with 31.6 lethal
doses of SUHV-1, 21 days after the second inoculation. The addition of propolis to
the vaccine with aluminum hydroxide increased the percentage of protected animals,
especially in the higher dilutions, comparing to the vaccine without propolis. Similar
result was observed in the group of animals vaccinated only with propolis and
antigen. The association of 40 mg/dose of ethanolic extract of green propolis to the
oily vaccine against BoHV-5 increased titer of bovine neutralizing antibodies
(P<0,01), when compared to a vaccine without propolis. Thirty days after the second
dose the titer went from 35 to 54, and after the third dose it increased from 43 to 67.
In addition, there was an increase in the percentage of animals with titer above 32.
The inclusion of 20 mg/dose of the extract did not alter the humoral response. The
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chromatographic analysis of propolis by HPLC showed high levels of phenolic
compounds as artepilin C and cynamic acid derived, which may be the main
substances with action on the immunologic system. Therefore, green propolis
ethanolic extract acted as an adjuvant substance, increasing humoral and cellular
immune responses in mice and humoral response in bovines, improving the
efficiency of experimental vaccines.

Key-words: propolis, immunological system, immunomodulation, adjuvant.
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1 INTRODUCAO

Ainda na idade média, quando o homem identificou a primeira doenca
infecciosa através de sua sintomatologia, rapidamente percebeu que o individuo
acometido passava por um periodo subsequente de protecdo contra a mesma
enfermidade. Nao raros eram 0S casoS em gue uma mesma pessoa nao era
acometida pela mesma enfermidade uma segunda vez. Baseado nestes fatos, a
primeira forma de imunizag&o consistia em transmitir determinada enfermidade de
um individuo a outro, na tentativa de reduzir a sua gravidade e os indices de
mortalidade. Assim, ja no século Xll, os chineses adotavam uma das primeiras
praticas de imunizacdo na tentativa de evitar a ocorréncia de doencas, a variolacao,
qgue consistia na inalacdo de um po6 preparado a partir da crosta da pustula da
variola, como forma de protecéo contra qualquer futura infeccdo (BAZIN, 2003). Este
processo reduzia o indice de mortalidade pela doencga, porém para padrées
inaceitaveis atualmente. Em 1796, ao inocular o material das lesbes de variola
bovina em humanos, produzindo uma doenca menos severa, Edward Jenner
percebeu que esse processo reduzia os riscos decorrentes da variolagéo, definindo
este processo como vacinacdo (do latim, vacca, vaca). Este termo ainda hoje
descreve a inoculacdo de cepas atenuadas ou inativadas de agentes causadores de
doencas em individuos sadios, a fim de obter protecdo natural do organismo contra
uma enfermidade.

As primeiras vacinacdes realizadas por Jenner e Pasteur nos séculos XVIII e
XIX eram praticas totalmente empiricas e se confundiram com o surgimento da
prépria imunologia como ciéncia BAZIN, 2003). Alias, as descobertas relacionadas
ao funcionamento do sistema imunolégico foram fundamentais para o
desenvolvimento da vacinologia (SCHATZMAYR, 2003). Desde entdo, houve uma

grande evolucdo no desenvolvimento de vacinas. Além daquelas consideradas



tradicionais, compostas de patdégenos vivos atenuados, de organismos inteiros
inativados ou de toxinas bacterianas inativadas, varias novas abordagens tém sido
propostas. Assim, surgiram as vacinas de subunidades, vacinas recombinantes e
vacinas de DNA.

Este recente progresso no desenvolvimento de vacinas tem permitido a sua
utilizacdo ndo apenas de modo profilatico, mas também no tratamento do céncer,
desordens imunoldgicas e infeccbes cronicas (BLOM; HILGERS, 2004). Contudo,
apesar do grande avancgo tecnoldgico, muitas vacinas sao pouco imunogénicas ou
nao conferem uma resposta imune capaz de prevenir a enfermidade, necessitando
da associagdo com substancias adjuvantes (SINGH; O"HAGAN, 2002).

O termo adjuvante (do latim, adjuvare, ajudar) foi primeiramente descrito na
década de 1920 como uma “substéncia que, usada em combinacdo com um
antigeno especifico, produz mais imunidade que o antigeno sozinho” (SINGH,;
O'HAGAN, 1999). Desde entdo, muitos outros conceitos foram formulados. No
entanto, parece correto afirmar que “cada molécula ou substancia capaz de
favorecer ou amplificar um passo na cascata de eventos imunolégicos (STORNI et
al., 2005), prolongando ou potencializando as respostas imunes humoral e/ou
celular” (LECLERC, 2003), pode ser definida como um adjuvante.

De acordo com Singh e O’'Hagan (2003) os adjuvantes podem ser usados
para aperfeicoar a resposta imune de vacinas de varias formas, incluindo: 1)
aumentar a imunogenicidade de antigenos fracos; 2) aumentar a velocidade e a
duracdo da resposta imune; 3) modular a atividade dos anticorpos a sua
especificidade; 4) estimular os linfécitos T citotoxicos; 5) promover a inducdo de
imunidade de mucosas; 6) aumentar a resposta imune em individuos imaturos
imunologicamente ou senescentes; 7) diminuir a dose de antigeno nas vacinas,
reduzindo os custos.

Embora vérias substancias tenham sido avaliadas quanto a sua capacidade
adjuvante, muitas vezes demonstrando alta poténcia imunoldgica (SINGH,;
O"HAGAN, 2003), de um modo geral, a producdo de vacinas continua atrelada a
utilizacdo dos sais de aluminio (LECLERC, 2003) ou de emulsbes oleosas,
especificas para vacinas de uso veterinario (JANSEN et al., 2006). Diversos fatores,
como a toxicidade e o desconhecimento a respeito dos mecanismos de acéo,
contribuem para este fato (SINGH; O'HAGAN, 1999). Além disso, nenhuma

substancia pode ser considerada como um adjuvante universal e a sua utilizacéo



deve ser adaptada ao antigeno vacinal, ao tipo de resposta imune que se deseja
estimular, a duracdo da resposta, bem como a via de inoculacdo (SCHIINS, 2000;
AUCOUTURIER; DUPUIS; GANNE, 2001). Desta forma, o desenvolvimento de
novas vacinas e o aperfeicoamento de vacinas ja existentes sera altamente
beneficiado com a identificacdo de novas substancias capazes de promover e
direcionar a uma resposta imune apropriada (COX; COULTER, 1997; SINGH,;
O"HAGAN, 2002).

Além de produtos sintéticos como o hidréxido de aluminio e o éleo mineral, a
pesquisa por nows adjuvantes tem se direcionado na utilizacdo de substancias
derivadas de vegetais, como o0s extratos das plantas Quillaja saponaria
(DALSGAARD, 1974) e Quillaja brasiliensis (FLECK et al., 2006), que potencializam
a resposta imune através das saponinas. Paralelamente, a prépolis vem
despertando o interesse de pesquisadores de todo o mundo em funcéo de inUmeras
propriedades bioativas ja relatadas, entre elas a capacidade imunomoduladora
(DIMQV et al., 1992; ORSI et al., 2000).

O nome propolis € derivado do grego pro “em defesa de”, e polis “a cidade”, o
gue significa “em defesa da cidade ou da colméia” (MARCUCCI, 1996). Também
conhecida como “cola de abelha”, a propolis € uma complexa mistura de substancias
resinosas e balsamicas coletadas pelas abelhas em diferentes partes das plantas
(MARCUCCI, 1995; BURDOCK, 1998). Na colméia, estas substancias s&o
transformadas através do acréscimo de secrecdes salivares e outros produtos das
abelhas, como a cera (PINTO et al., 2001; STRADIOTTI et al., 2004).

As abelhas utilizam a propolis para a construgdo e manutencdo das colméias
(BURDOCK, 1998), no fechamento de frestas, reducdo do alvado para diminui¢cao
da entrada de vento frio e inimigos naturais, além de embalsamento de pequenos
animais, mortos pelas préprias abelhas, que ndo puderam ser retirados da colméia,
evitando com isso a putrefacdo (MARCUCCI, 1995). A propolis também é utilizada
para envernizamento do interior dos alvéolos, permitindo que a rainha faca a postura
dos ovos em ambiente ndo contaminado, e contra a proliferacdo de
microorganismos como bactérias e fungos (BANKOVA; CASTRO; MARCUCCI,
2000).

A complexidade quimica da propolis € evidenciada por mais de 300
substancias diferentes identificadas em amostras distintas (BURDOCK, 1998;
BANKOVA; CASTRO; MARCUCCI, 2000). Sua constituicdo pode variar de acordo



com a espécie de abelha, época de ano em que é coletada e, especialmente, origem
botanica (BANKOVA; CASTRO; MARCUCCI, 2000; BANKOVA, 2005).
Diferentemente dos paises de clima temperado, onde a propolis é produzida
especialmente a partir de espécies de Populus sp. (BANKOVA; CASTRO;
MARCUCCI, 2000), no Brasil, a rica composicdo da flora oferece as abelhas um
grande numero de plantas resiniferas, de onde coletam as secre¢des para a sua
producdo. Assim, ja foram identificados mais de 12 tipos diferentes de prépolis no
Brasil (PARK et al., 2002). No sul do pais, as espécies botanicas mais utilizadas
para a sua producdo sdo as coniferas, como o pinheiro serrano (Araucaria
angustifolia L.), além do Eucapito citriodora (BANKOVA et al., 1999; MIDORIKAWA,
2001). J& na regidao sudeste do Brasil, a principal fonte botanica utilizada para
producdo de prépolis é a planta Baccharis dracunculifolia L., conhecida
popularmente como alecrim do campo ou vassourinha. Esta espécie, ndo adaptada
as condi¢cdes naturais existentes em outros paises (MIYATAKA et al., 1997), da
origem a propolis verde brasileira, com caracteristicas quimicas e biologicas
diferenciadas.

A complexidade quimica da prépolis é reflexo da diversidade da flora utilizada
como fonte para a sua producdo, dificultando a identificacdo das substancias
responsaveis por suas atividades terapéuticas. Enquanto nas amostras européias o
grupo quimico presente em concentracfes majoritarias € o dos flavondides, cujo
principal constituinte bioativo é o éster fenil etil do acido caféico (CAPE), nas
amostras brasileiras predominam os compostos fendélicos como artepillin C e o acido
hidroxicinamico (PEREIRA, et al., 2003). Alguns pesquisadores afirmam que a
composicdo quimica heterogénea, além da cmmbinacdo de diferentes substancias
naturais, sdo essenciais para a atividade biologica da prépolis (MATSUNO, 1996;
KUJUMGIEV et al., 1999).

Utilizada pelo homem para embalsamar cadaveres desde séculos antes de
Cristo (PEREIRA et al., 2002) a propolis apresenta varias propriedades bioativas,
dentre as quais se destacam a acédo antiviral (BURDOCK, 1998; FISCHER et al.,
2005), antiinflamatdria (ANSORGE; REINHOLD; LENDECKEL, 2003), antioxidante
(SCHELLER et al., 1989), antiparasitaria (DECASTRO; HIGASHI, 1995; DANTAS et
al., 2006), antitumoral (ORSOLIC et al., 2004; ASO et al., 2004), entre outros.
Apesar de muitos mecanismos de acdo continuarem desconhecidos, a propolis

também tem sido descrita como uma substancia com atuacdo sobre o sistema



imunoldgico (DIMOV et al.,, 1992; ORSI et al., 2000), representando uma nova
alternativa para tratamentos imunoterapicos (BURDOCK, 1998).

O objetivo do presente estudo foi avaliar a capacidade imunomoduladora de
um extrato etandlico da prépolis verde brasileira, quando associado a vacinas
inativadas contra o herpesvirus suino tipo 1 (SuHV-1) ou herpesvirus bovino tipo 5
(BoHV-5), através da mensuragdo de parametros das imunidades humoral e celular

de camundongos e bovinos, respectivamente.
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IMUNOMODULACAO PELA PROPOLIS

G. Fischer?, S.0. Hiibner?, G.D. Vargas?, T. Vidor?
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RESUMO
A prépolis, uma substancia resinosa produzida pelas abelhas meliferas a

partir de exsudatos coletados em diferentes partes das plantas, tem sido utilizada ha
séculos na medicina popular devido as suas propriedades terapéuticas. Esta
substancia apresenta atividade antiinflamatéria, antitumoral, antioxidante e
imunomoduladora, embora muitos dos seus mecanismos de acdo sejam
desconhecidos. A imunomodulagéo pela propolis pode estar associada tanto com a
estimulacdo quanto com a supressédo de determinados eventos da resposta imune.
Os efeitos antagbnicos e muitas vezes ndo complementares sobre o sistema
imunologico podem ser decorrentes da grande variabilidade quimica existente entre
diferentes amostras de propolis, bem como das diferentes metodologias adotadas
nos estudos cientificos, resultando em variada acéo farmacolégica. Este artigo teve
como objetivo revisar e discutir alguns aspectos relacionados a acdo da propolis

sobre o sistema imunologico.

PALAVRAS-CHAVE: propolis, sistema imunoldgico, modulacgéo.
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IMMUNOMODULATION INDUCED BY PROPOLIS

ABSTRACT
Propolis is a resinous substance produced by honey bees from exudates

collected from different parts of the plants. It has been used for centuries in the
popular medicine due to its therapeutic characteristics. This substance presents anti-
inflammatory, anti-tumoral, anti-oxidant and immunomodulator activities, even though
many of its mechanisms of action are still unknown. Immunomodulation induced by
propolis can be associated with stimulation as well as supression of certain events of
the immune response. The antagonic and some times not complementing effects on
the immunological system can be attributed to the wide chemical variability present
among different propolis samples, as well as to the different methodologies used in
scientific studies, resulting in a varied pharmacological action. This work aims at
reviewing and discussing some aspects related to the mechanism of action of

propolis on the immunological system.

KEYWORDS: propolis, immunological system, modulation

INTRODUCAO

A prépolis € um produto resinoso natural produzido pelas abelhas meliferas a
partir de substancias coletadas em diferentes partes das plantas, como brotos,
casca, botbes florais e exsudatos resinosos (MARCUCCI, 1995; BURDOCK, 1998).
As abelhas transportam estas substancias até a colméia e as modificam através da
adicdo de cera, pélen e produtos do £u metabolismo, como a enzima salivar 13
glicosidase, aumentando a sua agao farmacolégica (PARK et al., 1998; PINTO et al.,

2001; PARK et al., 2002; STRADIOTTI et al., 2004).



A composicao da propolis é extremamente complexa. Mais de 300 substancias
diferentes ja foram identificadas (BURDOCK, 1998; BANKOVA et al., 2000). Suas
caracteristicas constitutivas podem variar de acordo com a espécie de abelha e
época do ano em que é coletada (BANKOVA, 2005). Contudo, a origem botéanica
(BANKOVA et al., 2000; BANKOVA, 2005) parece ser o fator mais importante a ser
considerado na tentativa de explicar a variabilidade quimica entre diferentes
amostras de propolis. Em zonas temperadas, como na Europa, América do Norte e
regides nao tropicais da Asia, a fonte dominante para a producdo da propolis € o
exsudato do botdo de alamo (Populus sp.) (BANKOVA et al., 2000). As amostras
originarias destas regibes s&do quimicamente similares, predominantemente
compostas por substancias flavondides como o éster feniletii do acido cafeico
(CAPE) (BANKOVA et al., 2000). No entanto, nas regides de clima tropical, h4 uma
grande variabilidade quimica entre as amostras de propolis, em conseqiéncia da
grande diversidade vegetal utilizada para a sua producdo. PARK et al. (2002)
identificaram 12 tipos diferentes de propolis no Brasil. A mais conhecida e estudada
€ a prépolis verde, produzida a partir de uma planta conhecida popularmente por
alecrim do campo (Baccharis dracunculifolia). Esta espécie ndo é adaptada as
condi¢cbes naturais existentes em outros paises (MIYATAKA et al., 1997), o que
confere a propolis verde caracteristicas quimicas e biolégicas diferenciadas. Mais ao
sul do pais, as resinas de Araucaria angustifolia L. e Eucalipto citriodora contribuem
decisivamente para a producdo deste apiterapico (BANKOVA et al.,, 1999;
MIDORIKAWA, 2001). Nas amostras brasileiras de propolis os compostos fendlicos,
como o artepilin C e o &cido hidroxicindmico, sdo as substancias majoritarias

(PEREIRA et al., 2003).
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Utilizada pelas abelhas contra a proliferacédo de microorganismos (BANKOVA
et al., 2000), a propolis apresenta varias outras propriedades bioativas. Dentre elas
destacam-se a acdo antiviral (BURDOCK, 1998; FISCHER et al., 2005),
antiinflamatoria (ANSORGE et al., 2003), antioxidante (SCHELLER et al., 1989) e
antiparasitaria (DECASTRO & HIGASHI, 1995; DANTAS et al., 2006). Apesar de
demonstradas as suas atividades imunomoduladoras (DIMOV et al., 1992; ORSI et
al.,, 2000; FISCHER et al.,, 2007), muitos destes mecanismos de acdo s&o
desconhecidos. O objetivo deste artigo foi revisar alguns aspectos relacionados a

acao da proépolis sobre o sistema imunoldgico.

IMUNOMODULACAO

A imunomodulacéo pode ser exercida mediante a potencializacdo ou através
de supressao de elementos do sistema imunolégico (KIRKLEY, 1999) Este conceito
comecou a ser formulado em 1796, quando Edward Jenner utilizou a primeira vacina
contra a variola humana. Desde entdo, varios estudos tém sido conduzidos na busca
de substancias capazes de auxiliar o sistema imune no combate a microorganismos
patogénicos, ou a problemas internos, tais como cancer e doencas autoimunes
(LABRO, 2000). Atualmente, a utilizacdo de prépolis como uma substancia
imunomoduladora tem sido considerada uma alternativa para a prevencéao e cura de
diversas enfermidades (ORSOLIC & BASIC, 2003).

A imunomodulacdo exercida pela propolis ocorre de forma contraditoria, as
vezes sendo descrita como estimulante, e outras vezes como inibidora de
determinados eventos imunoldgicos. Provavelmente estes efeitos contraditorios s
devem, dentre outros fatores, a complexidade quimica da propolis. Para BANKOVA

(2005) comparar amostras de propolis de origens geograficas distintas € o0 mesmo
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gue comparar extratos de duas plantas que pertencem a familias diferentes, tal a
sua variabilidade quimica e, conseqgientemente, suas propriedades farmacolégicas.
A imunomodulacdo pela prépolis também pode estar diretamente relacionada a
forma de extracdo dos seus compostos bioativos. O tipo de solvente empregado,
além do protocolo adotado, poderdo resultar em maior ou menor eficiéncia de
extracdo de determinadas substancias como os compostos fendlicos, nos quais se
concentra a maior parte da atividade farmacologica da propolis. Além disso, a
combinacdo das diferentes substancias naturais que compde a propolis,
provavelmente resultando em efeito sinérgico, € essencial para a sua atividade

biologica (KUJUMGIEV et al., 1999).

PROPOLIS E IMUNOESTIMULAGAO

Uma das formas de imunomodulacao pela prépolis ocorre através da ativacao
de macréfagos (ORSOLIC & BASIC, 2003). Estas células desempenham um papel
fundamental na defesa do organismo, através da fagocitose, geracdo de radicais
livres, mediacdo de processos inflamatérios, e secrecdo de uma variedade de
substancias bioquimicamente diferentes, como enzimas e componentes do sistema
complemento. A acdo da prépolis sobre os macrofagos resulta em aumento da
capacidade fagocitica (ORSI et al., 2000), estimulacdo da secrec¢do de citocinas tais
como o fator de necrose tumoral a (TNF-a), e outras substancias como o Oxido
nitrico (NO) e metabdlitos intermediarios de oxigénio (DIMOV et al, 1992;
IVANOVSKA et a., 1995a; ORSI et al.,, 2000; KHAYAL, 2003). Os compostos da
prépolis solluveis em agua (WSPD) atuam estimulando a producdo da proteina Clq
pelos macrofagos, um componente essencial para a ativacdo da via classica do

sistema complemento (DIMOV et al., 1992).
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Algumas amostras de propolis do Brasil e da Bulgaria sdo capazes de
aumentar a atividade bactericida dos macréfagos (ORSI et al, 2005). No entanto,
estudos revelaram maior eficiéncia da propolis brasileira, provavelmente em funcao
de sua composicdo quimica diferenciada. Segundo os pesquisadores, metabdlitos
intermediarios de oxigénio (H20-) e nitrogénio (NO) estavam envolvidos no aumento
da atividade funcional destas células.

A atividade imunomoduladora da prépolis também pode ser observada
através do incremento das respostas imunes celular e humoral, o que foi constatado
pelos autores da presente revisdo (FISCHER et al. 2007) ao estudarem a
capacidade adjuvante de um extrato etandlico da propolis verde brasileira. Quando a
propolis foi adicionada ao herpesvirus suino tipo 1 (SuHV-1) em uma vacina
inativada, inoculada em camundongos, houve um incremento na resposta imune
celular, observado através do aumento da expressdo de mRNA de interferon gama
(IFN-?), sem no entanto, estimular a resposta humoral. A associacdo desse extrato
com o antigeno (SuHV-1) e hidroxido de aluminio, por sua vez, aumentou tanto a
resposta celular quanto a humoral, quando comparado com um tratamento em que o
SuHV-1 foi utilizado isoladamente com o hidroxido de aluminio. O efeito adjuvante
da propolis verde tornouse ainda mais evidente no teste de capacidade de protecéo
vacinal, pois a inclusdo do extrato etandlico nas vacinas experimentais aumentou o
percentual de animais protegidos apds desafio com o SuHV-1, mesmo no tratamento
em que a proépolis foi utilizada isoladamente com o antigeno e nao conferiu aumento
da resposta humoral. Neste caso, 0 incremento na resposta imune celular,
proporcionado pela propolis, foi suficiente para a protecdo dos animais desafiados. A
analise quimica desta amostra de propolis, por cromatografia liquida de alta

eficiéncia (HPLC), revelou altos niveis de compostos fendlicos, tais como éacido
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cindmico e derivados. O incremento na proliferagdo de linfocitos é atribuido a
atividade imunoestimulante dos compostos fendlicos (IVANOVSKA et al., 1995h).

Os dados obtidos (FISCHER et al. 2007) estdo de acordo com 0s conceitos
formulados por COX & COULTER (1997), permitindo classificar a propolis como um
adjuvante ndo particulado. Segundo estes pesquisadores, os adjuvantes né&o
particulados, considerados imunomoduladores, sdo aqueles cuja atividade nao
depende de nenhuma particula, e que se beneficiam da associacdo com um
adjuvante particulado. Estas substancias, por ndo se combinarem ao antigeno, séo
rapidamente processadas pelas células do sistema imune e induzem uma resposta
humoral fraca. Por outro lado, quando um antigeno € adsorvido em um adjuvante
particulado, como o hidroxido de aluminio, a particula formada facilita o seu
direcionamento para as células apresentadoras de antigeno, permitindo uma
liberacdo lenta. Com o prolongamento da exposicdo antigénica as células do
sistema imune, a resposta € amplificada. Este fato pode explicar a elevacdo na
resposta humoral ao SuHV-1 nos animais imunizados com a propolis associada ao
hidroxido de aluminio (FISCHER et al., 2007). Resultado semelhante foi observado
guando a propolis verde foi utilizada como uma substancia adjuvante associada a
vacinas inativadas contra o herpesvirus bovino tipo 5 - BoHV-5 (FISCHER et al.,
2006). Os bovinos que receberam a vacina com propolis apresentaram niveis
significativamente mais elevados de anticorpos (P<0,01) em relagdo a um grupo
controle, sem propolis. Segundo SFORCIN et al. (2005), a habilidade em modular a
sintese de anticorpos € parte da atividade imunoestimulante da propolis. Apesar do
mecanismo detalhado da sua acdo sobre células do sistema imune ser

desconhecido, a estimulacdo de macréfagos a producdo de citocinas, capazes de
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amplificar a resposta imune humoral, pode ser um dos mecanismos adjuvantes
(ANSORGE et al., 2003).

A possibilidade de utilizacdo da prépolis como adjuvante (FISCHER et al.,
2006; 2007), é relevante se considerarmos que um dos principais problemas
encontrados na producédo de vacinas é a disponibilidade de substancias que possam
potencializar a agdo de antigenos pouco imunogénicos, como 0s inativados e muitos
recombinantes. Embora novas substancias sejam constantemente avaliadas quanto
a sua capacidade adjuvante, de um modo geral, a producdo de vacinas de uso
veterinario continua atrelada a utilizacdo dos sais de aluminio ou de emulsdes
oleosas. Desta forma, a possibilidade do uso de propolis para promover e/ou
direcionar as respostas imunes para determinados antigenos, podera resultar em um
grande beneficio na aquisicdo de imunidade pelo uso de vacinas.

Ao pesquisarem os efeitos dos WSPD de uma amostra croata de prépolis ou
do CAPE isoladamente, ORSOLIC et al (2004) detectaram aumento na producao de
NO pelos macréfagos e inibicdo na sintese de DNA de células tumorais da linhagem
HelLa. Em altas concentracdes, o NO é responsavel pela inducdo de apoptose
(VEEN et al.,, 1999), e os resultados obtidos sdo compativeis com a capacidade
antitumoral da prépolis. Segundo estes pesquisadores, esta propriedade pode ser
resultado de atividades sinérgicas dos compostos polifenélicos da propolis. Efeito
semelhante foi observado no crescimento de células tumorais malignas com a
utilizacdo do artepillin C, uma substancia bioativa da propolis brasileira. Além da
inibicdo do crescimento destas células (ORSOLIC & BASIC, 2003), foi observado um
aumento no numero total de linfécitos T auxiliares, indicando ativacdo do sistema
imune (BANSKOTA et al., 2001; PARK et al., 2004). Para BANSKOTA et al. (2001) a

citotoxicidade do artepillin C parece ser atribuida a inducéo de apoptose celular. Os
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compostos polifenélicos induzem a apoptose através de um aumento nha
permeabilidade das membranas mitocondriais, liberagcdo do citocromo C e a sua
conjugacédo com a proteina mitocondrial de choque Apaf-1 e procaspase 9, seguido
pela ativacdo da via das caspases (GALATI et al. 2000).

Similares aos macrofagos, as células exterminadoras naturais (NK), que
apresentam atividade litica para varias células tumorais ou células infectadas por
virus, sdo consideradas o primeiro mecanismo de defesa do organismo. Aumento na
atividade destas células foi observado no baco de camundongos tratados com uma
amostra brasileira de prépolis (SFORCIN et al., 2002). Além disso, os macrofagos
ativados pela propolis produziram citocinas, tal como a IL-12, que atua sobre as
células NK, aumentando a sua atividade citotoxica.

A propolis, portanto, pode ser considerada uma importante substancia com
atividade antitumoral. Apesar desta propriedade ter sido identificada com a utilizacao
de amostras de propolis de origens geograficas diferentes, o0 mecanismo de acao
parece ser semelhante em todos os estudos, com ativacao de células imunes como
macroéfagos e células NK e inducdo de apoptose por compostos polifenélicos. Desta
forma, os dados obtidos tém resultado em uma forte indicacdo do uso da prépolis

COMO uma nova opgao para o tratamento de doencgas tumorais.

PROPOLIS E IMUNOSSUPRESSAO

A supressdo do sistema imunolégico pode ter como conseqiéncia a
proliferacdo de microorganismos oportunistas que vivem nos organismos Vivos ou no
ambiente que os cerca e, por este motivo, hormalmente é tida como um evento
prejudicial. No entanto, ha circunstancias em que a atividade do sistema imune deve

ser reduzida ou suprimida. Em casos de transplante, por exemplo, a tendéncia
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natural do sistema imune é desencadear uma reacdo de defesa e os individuos
transplantados correm o risco de ser acometidos por processos inflamatorios
cronicos e fibrose, que podem levar a insuficiéncia irreversivel do Orgéo
transplantado e a sua rejeicdo. Nestes casos, potentes drogas imunossupressoras
S&80 necessarias para inibir a ativacédo das células T e aumentar a taxa de sobrevida
dos enxertos. Também as doencgas autoimunes devem ser controladas através do
uso de agentes imunossupressores.

As substancias flavondides encontradas na propolis podem inibir a
proliferacdo de linfocitos de camundongos in vitro (SA-NUNES et al., 2003). Uma
amostra brasileira de propolis se mostrou capaz de ativar macrofagos in vivo,
estimulando a producédo de IFN-? e NO e, conseguentemente, reduzindo a
proliferacdo de linfocitos. Niveis suficientemente elevados de IFN-? estimulam a
atividade da enzima Oxido nitrico sintetase induzivel (iNOS) por macrofagos
ativados, gerando concentracdes de NO que prejudicam a proliferacdo de células T
(GHERARDI et al., 2000). O NO tem sido considerado o principal fator derivado de
macrofagos com atividade imunossupressora (MILLS, 1991).

A reducdo no numero de células T também pode ocorrer através da acao de
um composto ativo da prépolis, o CAPE (PARK et al.,, 2004). A ativagdo destas
células induz a expressdo de fatores de transcricdo como o NF?B, que regula a
expressdo de genes envolvidos na resposta imune, estimulando a expressao de
citocinas inflamatérias, moléculas do complexo de histocompatibilidade principal e a
adesdo de moléculas envolvidas na metastase de tumores (ORBAN et al., 2000;
BAEZA-RAJA & MUNOZ-CANOVES, 2004). O CAPE é um inibidor especifico do

NF?B e suprime a sua interagdo com o DNA dos linfocitos (NATARAJAN et al.,

1996; PARK et al., 2004) inibindo a resposta linfoproliferativa, provavelmente devido
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a inibicdo da expressdo génica. (MARQUEZ et al., 2004). Além de inibir o NF?B, o
CAPE é capaz de inibir o fator nuclear de células T ativadas (NFAT), resultando em
inibicdo da transcricdo do gene de IL-2 e da proliferacéo de células T.

Portanto, a prépolis ou algumas de suas substancias bioativas, como o0s
flavondides, pode ser utilizada como droga imunossupressora em associacdo ou
substituicdo de outros imunossupressores, como 0s corticosteréides. O mecanismo
de acdo da prépolis, neste caso, é semelhante ao destas substancias, inibindo o
NF?B, estimulando a producdo de NO ou alterando a expressdo de genes de
citocinas sem, no entanto, haver relato de efeitos adversos. A divergéncia destes
dados com os obtidos por FISCHER et al. (2006; 2007), que detectaram aumento
nas respostas imunes humoral e celular, provavelmente se deve a diferenca na
composicdo das amostras de propolis utilizadas, bem como na metodologia
empregada.

A inibicdo do NF?B pela propolis também esta estreitamente relacionada com
a sua propriedade antiinflamatoéria. A hipotese levantada por SONG et al. (2002),
utilizando uma amostra coreana de prépolis, e reforcada por Paulino (comunicagéo
pessoal) que utilizou a propolis verde brasileira, é de que a atividade antiinflamatoria
da prépolis se deve a inibicdo na expressdo do gene da iNOS, interferindo no sitio
NF?B do promotor iNOS. Neste caso, ha uma reducdo na producdo de NO, um
importante mediador biolégico envolvido nos processos inflamatérios e imunolégicos
(NUSSLER & BILLIAR, 1993). Segundo CHEN et al. (2005), substancias flavonéides
como o CAPE inibem a ativacdo do NF?B, reduzindo a expressao de genes
envolvidos na resposta inflamatéria aguda, incluindo os das citocinas pro-
inflamatdrias IL -1, IL-6 e TNF-a. Resultado semelhante foi obtido por BLONSKA et

al. (2004) que, utilizando um extrato etandélico de uma amostra polonesa de propolis,
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detectaram inibicdo da expressdo dos genes de IL-13, em uma linhagem de
macrofagos (J774A.1).

O CAPE também pode atuar sobre os macréfagos inibindo a producdo das
enzimas lipoxigenase e cicloxigenase (KHAYYAL et al., 2003) e a producédo de
prostaglandina E; (PGE), um importante mediador inflamatorio (MIRZOEVA &
CALDER, 1996). Reducdo nos niveis de PGE, e das citocinas IL-6 e IL-8 foi
observada em processos inflamatérios crbnicos das vias aéreas, como a asma
(KHAYYAL et al., 2003), apés a administracdo de extratos de prépolis de origens
geogréficas diversas, demonstrando um grande potencial para tratamento dessas
alteracoes. Atualmente, substancias imunossupressoras como 0s corticosteroides
topicos ou sistémicos sdo utilizadas para suprimir as alteracdes inflamatorias
cronicas observadas na asma. Entretanto, segundo ROMAGNANI (1997), o ideal é
gue se possa converter a resposta das células T aos antigenos alérgenos, de uma
resposta predominantemente humoral (Th2) para celular (Thl). Neste sentido, a
acao antiinflamatoria da propolis pode ser promissora para tratamento de individuos
asmaticos. Ao analisar-se os resultados dos estudos conduzidos por SY et al. (2006)
em um modelo para estudo de asma em camundongos, a utilizacdo da uma solucao
aquosa de prépolis inibiu a producdo de citocinas relacionadas a resposta humoral
(IL-10 e IL-5) e aumentou a resposta de células T CD4+, demonstrando tendéncia de
modulacéo do sistema imune para a resposta celular.

A acdo antiinflamatéria da propolis também ocorre através da inibicdo do
sistema complemento. A diminuicdo na atividade da via alternativa foi atribuida a
inibicdo da funcao da proteina C3 convertase, um dos alvos de acdo dos WSPD no
sistema complemento (IVANOVSKA et al., 1995a). A interacdo da propolis com

proteinas do sistema complemento pode resultar em mudancgas conformacionais e,
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consequentemente, na perda de funcdo. A hipdtese destes autores € que 0s
flavondides sdo as substancias da prépolis com atividade anti-complemento. Apesar
de ser um dos principais mecanismos pelos quais o reconhecimento do antigeno é
convertido em uma defesa efetiva contra uma infeccéo, o sistema complemento
pode estar envolvido em resposta inflamatorias indesejaveis. Desta forma, a acao
anti-complemento da propolis pode ser altamente benéfica, pois através da inibicao
de importantes mediadores da inflamacéo derivados do sistema complemento, reduz

os efeitos adversos de determinados processos inflamatorios.

CONCLUSAO

A imunomodulagdo causada pela prépolis tem sido observada tanto na
estimulacdo como na supressdo de determinados eventos da resposta imune,
tornando-a potencialmente aplicAvel como uma substancia imunoestimulante, ou no
combate a processos inflamatérios indesejaveis ou tumores. Apesar de Varios
estudos abordarem a influéncia da propolis sobre o sistema imunologico, muitos
resultados ndo sdo complementares ou tornam-se antagdnicos, provavelmente em
funcdo de diferencas metodoldgicas ou da grande diversidade quimica entre as
amostras de propolis utilizadas. Os dados indicam a necessidade de ampliacdo dos
estudos relacionados as propriedades bioativas da propolis, visando o

esclarecimento destas contradicdes.
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Summary

Despite recent technological advances in vaccine production, most the
vaccines depend on the association with adjuvant substances. This work evaluated
the adjuvant capacity of an ethanol extract of green propolis associated to inactivated
Suid herpesvirus type 1 (SuHV-1) vaccine preparations. Mice inoculated with SuHV-1
vaccine plus aluminum hydroxide and 5 mg/dose of propolis extract presented higher
levels of antibodies when compared to animals that received the same vaccine
without propolis. The use of SuHV-1 vaccine with propolis extract alone did not
induce significant levels of antibodies, however it was able to increase the cellular
immune response, evidenced by the increase in the expression of mMRNA to IFN-?.
Besides, propolis increased the percentage of protected animals against challenge
with a lethal dose of SuHV-1. The effect of green propolis extract on the humoral and
cellular immune responses may be exploited for the development of effective
vaccines.

Keywords: green propolis; adjuvant; vaccines
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1. Introduction

Vaccination has been a common practice for preventing or minimizing
symptoms of diseases caused by infectious or parasitic agents in humans or animals.
Traditionally, vaccines have been developed from live attenuated or inactivated
pathogens [1], however synthetic peptides and recombinant proteins constitute the
basis of new generation vaccines [2,3]. Despite representing an important
technologic advance, the success of many of these subunit vaccines depends on
their association with potent adjuvants, aiming at increasing their immunogenicity. In
order to have an effective protection against the pathogen, it is necessary an efficient
activation of specific effectors of the immune system, such as antibodies, cytotoxic or
auxiliary T cells (Th1/Th2) [4]. Adjuvant substances when associated to an antigen
modify or increase the potency of the humoral and/or cellular immune responses
against that antigen [5,3]. Besides, they can be used to prolong the immune
response or to promote mucosal immunity [4]. Even though a large number of
adjuvants of several origins has been evaluated, most commercial vaccines
continues to rely on the used of aluminum salts. This way, the development of new
vaccines will be highly benefited if new substances capable of promoting and
directing to an appropriate immune response were identified [4].

Propolis is a natural resinous substance, harvested by honeybees from different
parts of plants such as shoots, buds and resinous exudates [6,7]. Chemically
complex, propolis is composed by more than 300 different substances [7,8]. The
combination of these substances, probably resulting in a synergic effect, is essential
for its biological activity [9]. Its constitutive characteristics, however, can vary
according to the bee species, period of the year in which it is collected and,

especially botanic origin [10]. Green propolis, characteristic from Brazil, is produced
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from a plant commonly known as “Alecrim do Campo” (Baccharis dracunculifolia).
This species is not adapted to the natural conditions of other countries [11], which
confers to the green propolis chemical and biological characteristics different from
the European propolis, produced predominantly from the exudates of buds of aspen
(Populus sp.) [8].

Used by bees against microorganisms like bacteria, virus and fungi [7,8],
propolis has several other bioactive properties such as anti-inflammatory [12,13],
antioxidant [14], antiparasitary [15] and anticarcinogenic action [16]. Although its
immune-stimulant and immune-modulator activities have been demonstrated [17-19],
the mechanism of action remains unknown.

Suid Herpesvirus type 1 (SuHV-1), from Herpesviridae family,
Alphaherpesvirinae subfamily, is the causing agent of Aujeszky disease, an infecto-
contagious disease responsible for high economical losses in the swine production
due to high mortality and reproductive disorder [20]. The pathogenicity of this vrus in
mice allows its experimental use in tests to certify the efficiency of the vaccines [21].

The aim of this work was to evaluate the adjuvant properties of an ethanolic
extract of green propolis, when added to inactivated SuHV-1 vaccine, used to
immunize mice. Parameters of the humoral (neutralizing antibodies titer) and cellular
immunity (levels of IFN-? mRNA), as well as the protection (experimental challenge)

afforded by vaccine preparations were determined.

2. Material and methods
2.1 Ethanolic extract of green propolis
Green propolis was obtained from Nectar Farmacéutica Ltda (Brazil) and

stored at -20 °C. The ethanolic extract was prepared as previoulsy described [13].
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Briefly, the propolis was ground and macerated with an extract solution containing
absolute ethanol, with 10 min daily agitation, for 10 days. Then, the solvent was
evaporated and the resulting dried matter was dissolved in phosphate buffer solution

(pH 6.2), in a final concentration of 40 mg/ml.

2.2 Vaccine preparations and inoculations

Two experiments were carried out: the first one aimed at evaluating the
adjuvant capacity of the ethanolic extract of green propolis through neutralizing
antibody titration and determination of 50% protective dose of experimental vaccine
preparations. The second experiment was carried out to determine the levels of IFN-
? mMRNA expression by reverse transcription-PCR (RT-PCR). All experimental
vaccine preparations were produced from a SuHV-1 isolate obtained from an
outbreak of Aujeszky disease and maintained in the Virology and Immunology
Laboratory, UFPel (Pelotas — Brazil). After growing the virus in Rabbit Kidney cell line
- RKi3 (ATCC), viral suspensions with titer of 10>™ CCIDs¢/25 ?I (cell culture
infections dose 50%/25 pl), were inactivated with bromoethylamine — BEI (C2H;Br2N,
- Merck), 20 mM, pH 7.5.

In the first experiment, 120 female BALB/c mice, 6-8 week-old, allocated into
three groups, were inoculated at day 0 and 14, subcutaneously (SC) with 0.5 ml of
the inactivated vaccine preparations. Group 1 received vaccine with aluminum
hydroxide (AI(OH)3), group 2 received vaccine with Al(OH)s and propolis extract (5
mg/dose) and group 3 received vaccine with propolis (5 mg/dose). In the fourth group
(negative control), 10 animals were kept without vaccination. In order to estimate
protection afforded by each treatment, using the statistic method of Reed & Muench

[22], each vaccine preparation was diluted two, four, eight and sixteen times and
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inoculated in 10 individually identified mice. In all cases the initial titer of the virus
suspension was the same.

In the second experiment, 25 mice distributed into five groups were
subcutaneously inoculated with 0.5 ml at day 0 and 14. Group one received 5
mg/dose of propolis extract (positive control); group two was inoculated with saline
solution (PBS, pH 7.2 - negative control); group three received vaccine with Al(OH)s;
group four received vaccine with propolis extract (5 mg/dose), and group five
received vaccine with Al(OH)s; and propolis extract (5 mg/dose). All animals, supplied
by Biotério Central of UFPel (Pelotas-Brazil), remained isolated, in controlled
environment with temperature between 22-24 °C, receiving feeding and water ad
libitum. The experiment was approved by the UFPel Committee of Ethics in Animal

Experimentation.

2.3 Humoral immunity and protection

For titering neutralizing antibodies against SuHV-1, blood samples were
collected from four animals from each experimental group, 21 days after the second
inoculation. After total bleeding, the blood was processed and the serum was stored
at -20 °C. Antibodies were titered by the serum neutralization method [21]. Briefly,
each serum was serially diluted from 1:2 to 1:256, and distributed (25 pl) in
guadruplicate in polystyrene plate (TPP). A volume of 25 pl of SuHV-1 virus
suspension containing 100 CCID50% was then added. After incubation for 1 hour at
37 °C in an environment with 5% CO,, approximately 30,000 RK13 cells were added
per well. The microplates were then returned to the incubator until being read in an
inverted microscope when the 100 CCID50% was observed in the control cells. The

absence of cytopathic effect was indication of viral neutralization, while its presence
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resulted from the absence of neutralizing antibodies. Antibody titers were calculated
by the Behrends & Kéarber method [22].

In order to evaluate protection afforded by the experimental vaccine
preparations, 21 days after the second vaccination the remaining animals were
inoculated subcutaneously with 0.1 ml containing 31.6 lethal doses (LD) of SuHV-1
(strain used in vaccine preparation) [21]. Daily, until the tenth day after the
challenge, the number of dead animals in each experimental group was recorded for
analysis by the statistical method of Reed & Muench [22]. For the LD calculation,

starting from a viral suspension with 10°>"® CCDIsp/25?], the same statistical

methodology was used.

2.4 Cellular immunity

The IFN-? mRNA level in splenocytes from mice inoculated in the second
experiment was used as a parameter for cellular immunity evaluation. The
splenocytes were processed according to Bastos et al. [23]. Briefly, a splenocyte
suspension was obtained from a pool of spleens of mice from each treatment, 21
days after the second inoculation. After lysing the red blood cells with NH4ClI, the
spleen cells were counted and 10’cells/ml were then suspended in Minimum
Essential Medium — MEM (Gibco-BRL), supplemented with 10% of bovine fetal
serum (Gibco-BRL) and plated in a 96 well plate. After 24 h of incubation at 37 °C in
an environment with 5% CO,, the supernatant was removed and the cells were
stimulated in triplicate, with MEM (negative control), 0.1 multiplicity of infection (MOI)
of SuHV-1 or 5 pg/ml of Concanavalin A (Sigma). Twenty-four or 48 h after
stimulation, total RNA was extracted with Trizol (Invitrogen), according to the

manufacturer’s protocol. The cDNA synthesis was performed from 5 pg of total RNA,
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in a 25 pl reaction containing 0.5 pl (150 ng) of random primers (Invitrogen), 1 ul of
desoxynucleoside triphosphates (ANTP - 10 mM), 1 x First Strand buffer (New
England Biolabs), 0.1 M DDT, 40 U of RNaseOUT (Invitrogen) and 50 U of M-MuLV
Reverse Transcriptase (New England Biolabs), following previously described
methodology [24]. After incubating for 10 min at 25 °C, the samples were incubated
at 42 °C for 50 min, followed by 70 °C for 15 min, in an thermocycler (Eppendorf
Mastercycler Gradient). The resulting cDNA was stored at -20 °C. PCR reactions
were carried out in triplicate with 2 pl of cDNA, 200 uM of dNTPs, 1 x reaction buffer
, 1.5 U of Tag DNA polymerase (Invitrogen), 1 pM of each primer, 3 mM MgCl, for
IFN-? or 1.5 mM for 3-actin, and RNase free water (Gibco-BRL) in a final volume of
25 pl. The thermocycler parameters were as follows: 95 °C for 2 min, followed by 30
cycles of 94 °C for 50 sec, 60 °C for 50 sec and 72 °C for 1 min, with a final extension
of 72 °C for 7 min. The primers used in this experiment, described in the literature

[24] and synthesized by MWG-Biotech Inc. (USA), were: IFN-? forward 5'-

AGCGGCTGACTGAACTCAGATTGTAG:; IFN-? reverse 5'-
GTCACAGTTTTCAGCTGTATAGGG; R-actin forward 5'-
TGGAATCCTGTGGCATCCATGAAAC; R-actin reverse 5'-

TAAAACGCAGCTCAGTAACAGTCCG. PCR reactions using primers for 3-actin and
PCR reaction without cDNA was carried out as a controls. PCR products were
visualized under UV light after electrophoresis in 2% agarose gel containing ethidium

bromide. Analysis of the data was done using Scientific Imaging System software

(Kodak).
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2.5 Statistical Analysis

Antibody titers, expressed in Log,, were compared using variance analysis
(ANOVA). The LSD test was used to determine significant differences (p<0.05)
among the mean of each treatment using the SAS program. The protection afforded
by the experimental vaccine preparations was evaluated through the statistical

method of Reed & Muench [22].

3. Results
3.1 Humoral immunity

The mean + S.E.M. of the antibody titers of each experimental group are
presented in Figure 1. As it can be observed, the association of 5 mg/dose of
ethanolic extract of green propolis to an inactivated vaccine against SuHV-1
containing aluminum hydroxide showed significant adjuvant effect. In all the dilutions
of this vaccine preparation there was an increment in the antibody titers when
compared to the vaccine with aluminum hydroxide alone. This effect was more
evident in the intermediate dilutions (p<0.05) where the titer went from 3 to 4.49
when the vaccine was diluted 4 times and doubled, going from 2.18 to 4.48 in the 1:8
dilution. In the 1:16 dilution, probably due to the low quantity of antigen present in
each dose, antibody titers were similar in all treatments.

Association of the propolis extract on its own with inactivated SuHV-1,
however, did not induce a significant production of antibodies (Fig. 1). The lowest
titers in this experiment were obtained from mice inoculated with this vaccine

preparation.



38

~

(o]

N\

Antibody titers (Log2)
TN
A

3

5 I

1 T T T 1
1:2 1:4 1:8 1:16

Dilutions

—8— Al(OH)3 ——AI(OH)3 + Propolis —&— Propolis

Fig. 1. Antibody titers (Log») of mice immunized with SuHV-1 associated to Al(OH)s,
Al(OH)3 + 5 mg/dose of ethanolic extract of green propolis or 5 mg/dose of ethanolic
extract of green propolis. The titer was determined by the serum neutralization test,
21 days after the second inoculation. All the vaccines were diluted 2, 4, 8 or 16 times.
The data represents the mean = S.E.M. Different letters indicate significant statistical

difference (p<0.05).

3.2 Protection afforded by the vaccine preparations
The percentage of animals protected after inoculation with the experimental
vaccine preparations in the different dilutions, and challenged with 31.6 DL of SuHV-
1, can be observed in Figure 2. Only the vaccine preparation with aluminum
hydroxide, in the 1:2 dilution, protected 100% of the animals. However the
association of green propolis extract to this vaccine preparation increased the
percentage of animals protected in the higher dilutions (1:4, 1:8 e 1:16). In this case,

the hgher the dilution of the vaccine, the bigger the percent difference of animals
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protected, suggesting immunostimulant action of the propolis extract. These data is
compatible with the antibody titers of the same animals. Surprisingly, the vaccine
preparation in which propolis was associated on its own with the antigen allowed
good levels of protection in all the dilutions evaluated (1:2 — 92%; 1:4 — 85%; 1:8 —
80% and 1:16 — 68%), contrary to the serologic results. By the tenth day after
challenge, all animals from the control group were dead, suggesting that the

protection in the other groups occurred due to the immunizations.
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Fig. 2. Percentage of mice protected in the test of protection capacity afforded by the
experimental vaccines. Each animal was immunized with two doses of a vaccine
containing SUHV-1 associated to Al(OH)3, Al(OH)3 + 5 mg/dose of ethanolic extract of
green propolis or 5 mg/dose of ethanolic extract of green propolis, diluted from 1:2 to
1:16. Twenty-one days after the second inoculation the animals were challenged with
31.6 LD of SuHV-1. All animals from the negative control (non-vaccinated) died
(result not shown). The number of dead and alive in each experimental group was

analyzed by the Reed & Muench [22] statistical method.
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3.3 Cellular immunity

In order to evaluate the effect of the ethanolic extract of green propolis on the
cellular immune response, a semi-quantitative method of measurement (RT-PCR) of
the IFN-? mRNA expression was used. As it can be observed in Figure 3A, 24 h after
splenocyte stimulation with 0.1 MOI of SuHV-1, there was a significant increase in
the IFN-? mRNA expression in the animals inoculated with the vaccine preparation
containing aluminum hydroxide and propolis (sample 3), in relation to the vaccine
preparation without propolis (sample 2). In addition, when propolis alone was
associated with the antigen, expression of IFN-? mRNA was even higher, superior
then the other treatments (sample 4). The expression of 3-actin mMRNA did not vary in
the different treatments, indicating a specific stimulus inthe IFN-? expression. Forty-
eight hours after splenocyte stimulation, the results remained the same (Fig. 3B). The
highest IFN-? mMRNA expression occurred when propolis alone was inoculated with
the antigen, followed by the association of propolis and aluminum hydroxide. The
lowest expression was when aluminum hydroxide alone was used with the antigen,
suggesting an immunostimulant effect of propolis on the cellular immune response to

SuHV-1.
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Fig. 3. Agarose gel electrophoresis of RT-PCR products resulting from the
amplification of IFN-? mRNA from mice splenocytes collected 21 days after the
second inoculation with the different experimental vaccine preparations. (A). Twenty-
four hours after stimulating the splenocytes with 0.1 MOI of SuHV-1: (a) 3-actin used
as internal control; (b) IFN-? — 1. GeneRuler 100 pb DNA Ladder Plus (Invitrogen); 2,
Al(OH)3; 3, AI(OH)3; + propolis (5 mg/dose); 4, propolis (5 mg/dose). (B) Forty-eight
hours after stimulating the splenocytes; (a) R-actin used as internal control; (b) IFN-?
— 1, GeneRuler 100 pb DNA Ladder Plus (Invitrogen); 2, AI(OH)3; 3, AI(OH); +

propolis (5 mg/dose); 4, propolis (5 mg/dose).

4. Discussion
Several strategies have been pursued aiming at inhibiting the growth and
dissemination of pathogenic microorganisms due to economical losses caused in

different productive systems. Priority has been given to the development of vaccines
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which generate an appropriate immune response [26]. Despite technological
advances in molecular biology and in genetic engineering, allowing identification of
antigens with immunogenic potential [3], the majority of vaccines requires association
with adjuvants capable of increasing the potency or stimulating the appropriate
immune response [5,3].

In this study, the adjuvant capacity of an ethanolic extract of Brazilian green
propolis was evaluated when associated to inactivated SuHV-1 with or without
aluminum hydroxide, in BALB/c mice. The addition of 5 mg/dose of this extract
[26,27] to the vaccine with aluminum hydroxide increased the potency of the humoral
immune response when compared to the vaccine without propolis, determined by
neutralizing antibody titers, 21 days after the second dose. This adjuvant effect was
more evident when the vaccine was diluted (1:4 and 1:8 — p<0.05), suggesting that
the lowest the antigenic mass in the vaccine or less immunogenic the antigen, more
pronounced is the propolis effect. According to Sorcin et al. [28], the ability of
modulating the synthesis of antibodies is part of the propolis adjuvant activity.
Despite the fact that the precise mechanism of action of propolis on the immune
system cells remains unknown [12], stimulation of macrophages to produce cytokines
such as IFN-?, with further general amplification of the immune response [16,29], can
be one of its main adjuvant mechanisms.

The increase in the potency of the humoral immune response, however, was
not detected when propolis alone was associated to inactivated SuHV-1. The
neutralizing antibody titers, in this case, were the lowest among all experimental
groups, compared only to the highest dilutions (1:16) of the other treatments. This
fact can be understood if the propolis is classified as a nonparticulate adjuvant, as

suggested by Cox and Coulter [30]. According to these authors, nonparticulate
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adjuvants acting as immunomodulators are those which the activity does not depend
on any particle, and benefit from the association with a particulate adjuvant. These
substances, as they do not attach to the antigen, are rapidly processed by the
immune system cells (inducing a weak response) and do not impair the loss of their
conformational integrity [30]. On the other hand, when the antigen is absorbed in a
particulate adjuvant, such as aluminum hydroxide, the particle formed facilitates its
direction to antigen present cells. Besides, this association allows a slow liberation of
the antigen, increasing the exposure time to the immune system, extending the
response [30,31]. This fact might explain the increase in the neutralizing antibody
titers to SuHV-1 of the vaccine preparation in which propolis plus aluminum
hydroxide were associated to the antigen.

The evaluation of humoral and/or cellular responses induced by a vaccine or
even an adjuvant substance should not be the only parameter analyzed for its
validation [32]. It is necessary an effective protection of the immunized animal in the
event of exposition to the pathogen. In this sense, six animals from each
experimental group were challenged with 31.6 LD of SuHV-1 [21], 21 days after the
last vaccination. The results obtained highlight the adjuvant capacity of the Brazilian
green propolis extract used. Comparing the vaccines with aluminum hydroxide, the
addition of the extract resulted in an increase percentage of protected animals,
especially in the higher dilutions. The high percentage of animals which survived the
challenge in the immunized group with the antigen and the propolis extract was also
surprising. The lack of correlation with the results obtained in the serological tests
suggest the role of cellular immunity in the protection against SuHV-1. Itis likely that

activation of macrophages was one of the main adjuvant mechanisms in this case.



Activation of T lymphocytes causes a series of ordered interactions and
events, including activation of transmembrane signals and expression of cytokine
genes. Attributes such as stability and rate of synthesis of mRNA and proteins are
altered. The result of this process is the proliferation and differentiation of T cells and
production of cytokines [33]. An important functional attribute of the immune system
cells is the capacity of synthesizing and secreting cytokines, which bind to specific
receptors in the surface of a target cell. After binding, the cytokines act regulating the
growth and/or the differentiation of these cells, optimizing the immune response [12].
The development of a cellular or humoral immune response depends on a wide
range of cytokines produced by several cells, including CD4+ (Thl and Th2) and
CD8+ T cells. The IFN-? produced by Th1l cells is an essential cytokine in the cellular
immune response, classically described as a defense mechanism against viral
infections [34].

Besides increasing the potency of the humoral immune response, the use of
green propolis extract also allowed an increase in the cellular response, increasing
the synthesis of mMRNA of IFN-?. The IFN-? expression was higher in splenocytes of
mice immunized with SuHV-1 plus propolis, explaining the higher percentage of
animals protected in this group after challenge. These results are similar to the ones
obtained by Blonska et al. [35] working with a European propolis sample, for whom
the ethanolic extract acts regulating gene expression at transcriptional level. Other
authors, using either propolis of Brazilian or European origin, also reported increase
in cytokine secretion in animals receiving propolis [29,35,36]. Ansorge et al. [12],
using a Polish sample, reported that propolis has a regulatory effect directly on the
basic functional properties of the immune system, which can be mediated by the

ErkK2 MAP-kinase signal involved in mechanisms that promote cellular growth.
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In a previous study, multivariate analysis associating ethanol extracts of
different samples with the levels of bioactive compounds determined by high
performance liquid chromatography (HPLC) allowed the typing of Brazilian propolis
[37]. Green propolis showed high levels of phenolic compounds such as artepillin C,
in addition to cinnamic acid and flavonoids such as pinobanksin and kaempferol. The
precise mechanism of action of propolis remains unknown [12], however, these
compounds may have stimulated the immune system cells to produce cytokines like
IL-1, IL-6, IL-8, IL-12 and IFN-? [26,29,36], promoting an increase in the humoral as
well as the cellular immune response.

In our study, an ethanolic extract of green propolis acted as a modulator of the
immune system. In mice immunized with SuHV-1, the association of propolis and
aluminum hydroxide increased the potency of the humoral and cellular responses. In
addition, when used on its own with SuHV-1, green propolis extract promoted an
increment of the cellular immune response which resulted in increased protection.
The use of green propolis extract as an adjuvant might contribute for the efficacy of
vaccines, especially those which depend on the cellular immune response for
protective response. It can also increase the potency of vaccines when associated to

particulate adjuvants such as aluminum hydroxide.
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Abstract

Despite recent technological advances in vaccine production, most vaccines
depend on the association with adjuvant substances. In this study, propolis, which
has been attracting the attention of researchers due to its bioactive properties, was
evaluated as an immunological adjuvant. The association of 40 mg/dose of an
ethanolic extract of green propolis with an inactivated oil vaccine against bovine
herpesvirus type 5 (BoHV-5), resulted in a significant increase (P<0.01) in the
neutralizing antibody levels, comparing to the bovines that received the same
vaccine without propolis. Besides, propolis increased the percentage of animals with
high antibody titers (above 32). Phenolic compounds such as artepillin C (3,5-
diprenyl-4-hydroxycinnamic acid) and the derivatives of cinnamic acid besides other
flavonoid substances were abundant in the propolis extract used, and they could be
the main substances with adjuvant action. The effect of the green propolis extract on
the humoral immune response can be exploited in the development of new vaccines.

Keywords: Green propolis; Immunological adjuvant; Antibodies; Bovines



1. Introduction

The recent progress in the development of vaccines has allowed their use not
only as a prophylactic product, but also in the treatment of cancer, immunological
disorders and chronic infections (Blom and Hilgers, 2004). However, many of them
require association with adjuvant substances which, when combined with an antigen,
increase its immunogenicity, potentiating the humoral and/or cellular immune
responses (Storni et al., 2005; Barr et al., 2006). Besides, immunological adjuvants
can be used to extend the duration of the immune response or to stimulate mucosal
immunity (Leclerc, 2003).

Even though several substances have been evaluated regarding their adjuvant
capabilities, as a general rule, production of vaccines is still dependent on the use of
aluminum salts (Leclerc, 2003) or oil emulsions, specific for vaccines of veterinary
use (Jansen et al., 2006). This way, the development of new vaccines will be highly
benefited with the identification of new substances capable of promoting and
directing to a proper immune response (Cox and Coulter, 1997; Singh and O’Hagan,
2002).

Oil adjuvants, which are no longer in use for humans due to their adverse
effects (Lindblad, 2000), are still largely used in vaccines for veterinary use. These oil
emulsions, used specially in association with inactivated antigens (Jansen et al.,
2006), potentiate the immune system through the formation of a deposit at the
inoculation site, with slow and long release of the antigen (Cox and Coulter, 1997).
However, these inactivated vaccines need periodic revaccinations to produce an
efficient immunological response (Fenner et al., 1993).

Propolis is a resinous material produced by bees that displays a variety of

biological activities against viruses, bacteria, fungi, pathogenic protozoa, and also
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tumor cells (De Castro et al., 2001). This natural product also behaves as anti-
hyperalgesic and anti-inflammatory agent (De Campos et al., 1998). Despite the
demonstration of its immunomodulator activities (Dimov et al., 1992; Orsi et al.,
2000), many of the mechanisms of action are still unknown.

Chemical studies revealed the complex composition of propolis, with more
than 300 constituents, including several bioactive phenolic compounds such as
flavonoids and derivatives of hydroxycinnamic acids (Bankova et al., 2000). These
constitutive characteristics can vary according to the bee species and the period of
the year (Bankova, 2005). Nevertheless, the botanical origin (Bankova et al., 2000;
Bankova, 2005) seems to be the most important factor to be considered when trying
to explain the chemical variability among different propolis samples. Green propolis,
only found in Brazil, is produced from a plant commonly known as “Alecrim do
Campo” (Baccharis dracunculifolia). This species is not adapted to the natural
conditions of other countries (Miyataka et al., 1997), which confers to the green
propolis chemical and biological characteristics different from the European propolis,
produced predominantly from the exudates of buds of aspen (Populus sp. —
Bankova et al., 2000).

The aim of this work was to evaluate the adjuvant capability of a green
propolis extract when associated with an inactivated oil vaccine against bovine
herpesvirus type 5, through determination of neutralizing antibody titers, and
characterization of the chemical composition of this extract by high performance

liquid chromatography (HPLC).
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2. Material and methods
2.1. Preparation, botanical and chemical characterization of the propolis ethanolic
extract

The green propolis sample was collected in the State of Minas Gerais (South
East region of Brazil) by Nectar Farmacéutica Ltda (sample number SBN-54), and
stored at -20 °C. The ethanolic extract was prepared as previoulsy described
(Paulino et al., 2002). Briefly, the propolis was ground and macerated with an extract
solution containing absolute ethanol, using 10 min daily agitation, for 10 days. Then,
the solvent was evaporated and the resulting dried matter was dissolved in
phosphate buffer solution (pH 6.2), in a final concentration of 40 mg/ml (4% wi/v) and
called GP1. The chemical composition of the green propolis extract was determined
by high performance liquid chromatography (HPLC), using a Merck-Hitachi
chromatographer (Germany), equiped with the L7100 pressure pump and the L-
7455 diode array detector. Separation was carried out in a Lichrochart 125-4 (Merck,
Darmstadt, Germany) column as previously described (Marcucci et al., 2001). The
detection of components was monitored at 280 nm and standard compounds were
co-chromatographed with the extract. Analysis of the data was carried out using the

Merck-Hitachi D-7000 (Chromatography Data Station - DAD Manager).

2.2. Vaccines and inoculations

Evaluation of adjuvant properties of the green propolis extract was made
through its association with an inactivated oil vaccine against bovine herpesvirus type
5. This virus, supplied by the Virology and Immunology Laboratory, UFPel (Pelotas —
Brazil), was propagated in Madin Darby Bovine Kidney (MDBK - ATCC) cell line.

After inactivation with bromoethylamine BEI (C,H;Br:N, - Merck), in a final
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concentration of 0.02 M and pH 7.5, the viral suspension with titer of 108 CCIDso/ml
(cell culture infections dose 50%/ml) was emulsified in mineral oil (Marcol 52 - Esso
Standart Oil Co.), together with the propolis extract.

In this study, sixty randomly selected Hereford cattle, male and female,
weighting approximately 150 kg and seronegative for BoHV-5 determined by serum
neutralization (House and Baker, 1971), were used. The animals were kept in
pasture rotation together with other cattle of the farm. They were allocated into three
groups of 20 animals (control, G1 and G2) and vaccinated intramuscularly (IM) at
days 0, 30 and 60. The volume inoculated was adjusted according to the
concentration of the propolis solution used per dose, varying from 3 to 5 ml, however
the antigen concentration was constant in all the treatments (10® CCIDso/ml per
dose). The control group received 3 ml of vaccine without propolis, the group G1
received 5 ml of the same vaccine with 20 mg/dose of propolis, whereas group G2
received 5 ml of this vaccine with 40 mg/dose of propolis. The animals were
observed daily until the tenth day after each inoculation in order to observe the
occurrence of adverse effects due to vaccination. The experiment was approved by

the UFPel Committee of Ethics in Animal Experimentation.

2.3. Serology

For titering neutralizing antibodies against BoHV-5, individual serum samples
were collected 30 days after each inoculation and stored at -20 °C. Antibodies were
titered by the serum neutralization method (House and Baker, 1971). Briefly, each
serum was individually diluted in logarithmic base 2 from 1:2 to 1:256. After
distribution (25 pl) in quadruplicate in polystyrene plates (TPP), 25 pl of BoHV-5 virus

suspension containing 100 CCID 50% was added. After incubation for 1 h at 37 °C in
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an environment with 5% CO,, approximately 30,000 MDBK cells were added per
well. The microplates were then returned to the incubator until being read in an
inverted microscope when the 100 CCID50% was observed in the control cells. The
absence of cytopathic effect was an indication of the viral neutralization by
neutralizing antibodies. The antibody titer was calculated by Behrends & Karber
(Mayr et al., 1982) statistical method, and it was represented by the highest serum

dilution capable of neutralizing 100 CCID 50% of the virus.

2.4. Statistical analysis
Antibody titers were compared using variance analysis (ANOVA) with
repeated measurements. The LSD test was used to determine significant differences

(P<0.05) among the mean of each treatment using the SAS program.

3. Results
3.1. Chemical composition of the propolis extract

As can be observed in Table 1, the HPLC analysis of the green propolis
sample utilized in this experiment showed high levels of the phenolic compounds 3,5-
diprenyl-4-hydroxycinnamic acid (artepillin C), 2,2-dimethyl-6-carboxyethenyl-2H-1-
benzopiran, 3prenyl-4-hydroxycinnamic acid, p-coumaric acid, caffeic acid, ferulic
acid, besides dnnamic acid and the flavonoids pinobanksin and kaempferol. In this

sample of green propolis, the flavonoids corresponded to 22.37% of the dried extract.
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Table 1: Chemical characterization of green propolis determined by high

performance liquid chromatography - HPLC

Component identified in propolis mg/g dry extract
2,2-Dimethyl-6-carboxyethenyl-2H-1-benzopiran 3.17
2.2-Dimethyl-8-prenyl-2H-1-benzopyran-6-propenoic acid 9.77
3.5-Diprenyl-4-hydroxycinnamic acid (derivative 1-9) 17.75
3.5-Diprenyl-4-hydroxycinnamic acid (Artepillin C) 27.77
3-Prenyl-4-hydroxycinnamic acid 5.71
Caffeic acid 2.43
Caffeic acid (derivative 1) 11.35
Cinnamic acid derivative 65.98
Ferulic acid 7.21
Kaempferol (derivative 1) 20.45
p-Coumaric acid 18.03
Pinobanksin 31.48
Total (mg/g of crude resin) 221.10
Total (%) 22.11

3.2. Humoral Response

In this work, the adjuvant properties of an ethanolic extract of green propolis
when associated with an inactivated oil vaccine against BoHV-5 was evaluated. A
dose dependent effect was demonstrated. The inclusion of 40 mg/dose of this extract
in the experimental vaccine increased the humoral immune response (P<0.01),
measured by antibodies titers, compared to the control group (vaccine without

propolis) (Figure 1). Sixty days after the first inoculation, the titer increased from 35
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(negative control, without propolis) to 54 in the treatment with 40 mg/dose of propolis.
This difference remained the same 90 days after the first inoculation, when the
antibody titers were 43 and 67, respectively. However, the addition of 20 mg/dose of
the propolis extract did not result in a statistically significant alteration, when
compared to the control group. Besides increasing antibody titers of cattle vaccinated
with BoHV-5, the use of 40 mg/dose of green propolis solution also increased the
percentage of animals with antibody titers equal or higher than 32, especially 30 days

after the third vaccination (Table 2).
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Fig 1. Mean titer £ S.E.M of neutralizing antibodies (expressed as reciprocal of the
serum dilution) of cattle immunized with an inactivated oil vaccine against BoHV-5
without propolis (control), with 20 mg/dose of an ethanolic extract of green propolis
(G1) or 40 mg/dose of propolis (G2). The titer was determined by the serum
neutralization test, 30 days after the second inoculation (collection 1) or 30 days after

the third inoculation (collection 2). ** P <0.01 compared to the control group.
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Table 2. Accumulated percent distribution of neutralizing antibodies titers in bovines

vaccinated with BoHV-5

o 30 days after second dose 30 days after third dose
e ControP  G1° G2¢ Control G1 G2
0-79 100 100 100 100 100 100
8-15.9 100 100 100 100 93.7 100
16 -31.9 72.3 100 100 81.3 77.9 100
32 -63.9 44.6 61.2 72.2 43.8 51.6 70.6
=64 22.3 27.8 33.4 31.3 21.0 58.8

2 Titers expressed by the reciprocal
b \Vaccine without propolis
¢ Vaccine with 20 mg/dose of ethanolic extract of green propolis

dvaccine with 40 mg/dose of ethanolic extract of green propolis

Adjuvants are used in several types of vaccine aiming at the optimization of
the humoral and/or cellular responses. However many substances with adjuvant
properties cannot be used in vaccines for human or veterinary use due to their
adverse effects (Estrada et al., 2000). In this study, conducted in cattle, no adverse
effect was observed due to the association of propolis with the oil vaccine against

BoHV-5.

4. Discussion
Due to the high chemical complexity of propolis, it is extremely difficult to
identify which substances are responsible for its biological activities. Some

researchers state that it is indeed the heterogeneous composition, besides the
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combination of natural substances that confers to propolis its bioactive properties
(Kujumgiev et al., 1999; Ozkul et al., 2005). According to Sforcin et al. (2005) the
action of propolis on the immunological system results from the synergism of several
substances. The elements detected in the green propolis extract utilized in this
experiment, determined by HPLC analysis, show that its botanical origin is the
Bacharis dracunculifolia plant (Marcucci, 1995; Bankova et al., 2000). In a previous
study, multivariate analysis associating ethanol extracts of different samples with the
levels of bioactive compounds determined by HPLC allowed the typing of Brazilian
propolis (Marcucci et al., 2001). The results were similar to the ones found in this
experiment, with predominance of phenolic compounds and cinnamic acid
derivatives. In these extracts, the flavonoids corresponded to 22.37% of the dried
extract. These substances are known to stimulate humoral as well as cellular
immunity (Havsteen, 2002). Although the precise mechanism of action remains
unknown, it is possible that the flavonoids stimulate production of cytokines,
particularly interleukin 1 (IL-1) and IL-2, which have mitogenic action for B and T
lymphocytes (Havsteen, 2002). Artepilin C seems to perform its immunostimulating
activity through increase in the number of auxiliar T lymphocytes (Kimoto et al.,
1998).

The association of different adjuvant substances aims at combining their
properties responsible for the stimulation of the immune system. Complete Freund
adjuvant, for example, combines the immunomodulator properties of Mycobacterium
tuberculosis with the activity of the oil emulsion (Cox and Coulter, 1997). In this
experiment, the association of 40 mg/dose of an ethanolic extract of green propolis
whith an inactivated oil vaccine against BoHV-5 increased the humoral immune

response (P<0.01), measured by neutralizing antibodies titers. It is conceivable that
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the combination of oil with propolis allowed the formation of a deposit in the
inoculation site, resulting in a slow and extended antigen (BoHV-5) and propolis
release (Cox and Coulter, 1997), allowing a constant stimulus of the immunological
system. According to Jansen et al. (2006), the continuous release of non replicative
antigens results in extended humoral immunity. The propolis extract may have acted
as an auxiliary adjuvant substance, potentiating the humoral response triggered by
the antigen associated to the oil. According to Sforcin et al. (2005), propolis ability in
modulating antibody synthesis is part of its adjuvant action. The propolis
immunostimulating capacity, through an increase in the immunoglobulin evels has
already been reported in patients with fibrosing alveolitis (Scheller et al. 1989).

The precise mechanism of action of propolis on cells from the immune system
remains unknown (Ansorge et al., 2003). However, it is known that artepillin C, found
in large scale in the green propolis sample used, acts on macrophages stimulating
the production of IL-12 (Sforcin et al., 2002), which potentiates immunoglobulin
production by B cells. Other phenolic compounds, such as cinnamic acid derivatives
found in the propolis sample used, also induce production and releasing of cytokines
like IL-1, IL-6 and IL8 by activated macrophages, stimulating antibody production
(Orsolic et al., 2005). Such mechanisms can explain the increment in the humoral
response observed in the present study. Another hypothesis suggests that propolis
can reduce lipid peroxidation and stimulate the immune system by means of direct
lymphocyte activation (Kimoto et al., 1998).

Besides increasing humoral immune response of cattle vaccinated with BoHV-
5, the use of 40 mg/dose of an ethanolic green propolis extract also increased the
percentage of animals with titers higher than 32 (Table 2). According to Lazarowicz

et al. (1983), bovines with titer equal or higher than 32 resist challenge with field
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virus. This fact is yet more relevant considering that many farmers do not use
vaccines in a prophylactic way, but only after positive diagnosis of the disease in the
farm, which implies the presence of the virus in the herd. Even though cellular
immunity is more important in the case of BoHV primary infection, humoral immunity
is more effective in preventing the resurgence of the disease, once BoHV remains
latent in the animal after infection (Babiuk et al., 1996). As comparative parameter,
the United States Department of Agriculture considers as immunized a herd which
has 80% of vaccinated animals with titer equal or above 8 (USDA, 2005).

Due to the increase of neutralizing antibody titers, in addition to the
percentage of animals with high titers, further studies in the development of this
vaccine can take into consideration the possibility of increasing the interval between
vaccinations, as well as decreasing the amount of antigen per dose. These
approaches, besides lowering the cost of the vaccine, could allow a reduction in the

handling of the animals.

5. Conclusions

The data presented in this study showed that an ethanolic extract of green
propolis increased the potency of the humoral immune response in cattle when
associated with an inactivated oil vaccine against BoHV-5, showing adjuvant action.
Besides the increment in neutralizing antibody titers, there was an increase in the
percentage of animals with titers higher than 32. Propolis compounds responsible for
the immunostimulating activities have not yet been determined, but the flavonoids
and other phenolic compounds, like artepillin C, found in large quantity in the sample

studied, could have been the main substances with action on the immune system.
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The use of ethanolic extract of green propolis can contribute for the efficacy of

inactivated vaccines, acting as an immunostimulant.
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5 CONCLUSOES

- O extrato etanolico de prépolis verde atuou como um modulador do sistema
imunoldgico.

- A associacdo do extrato etanolico com hidréxido de aluminio ou emulsfes oleosas
propiciou incremento nas respostas imunes humoral e celular de camundongos e
humoral de bovinos.

- Utilizado isoladamente com o antigeno, o extrato etandlico de prépolis incrementou
a resposta celular de camundongos e o percentual de protecdo durante desafio, mas
nao alterou a resposta humoral.

- A propolis verde pode ser utilizada como uma substéncia adjuvante para vacinas

inativadas.
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